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DIVISION I 

GENERAL REQUIREMENTS 

SECTION 101 

DEFINITIONS AND TERMS 

Wherever in these specifications or in other contract 
documents the following terms or pronouns in place of 
them are used, the intent and meaning shall be interpreted 
as follows: 

101.01 Abbreviations. Wherever the following abbre- 
viations are used in these specifications or on the plans, 
they are to be construed the same as the respective expres- 
sions represented: 

AAN—American Association of Nurserymen 
AAR— Association of American Railroads 

AASHTO— American Association of State Highway and 
‘Yransportation Officials 

ACI— American Concrete Institute 
AGC— Associated General Contractors of America 
AIA— American Institute of Architects 
AISC— American Institute of Steel Construction 
ARA—- American Railway Association 

AREA— American Railway Engineering Association 
ASA— American Standards Association 
ASCE— American Society of Civil Engineers 
ASLA— American Society of Landscape Architects 

: ASME—- American Society of Mechanical Engineers 
ASTM— American Society for Testing and Materials 
AWG— American Wire Gauge 
AWPI— American Wood Preservers Institute 
AWS—-American Welding Society 

AWWA—American Water Works Association 
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101 ; DEFINITIONS AND TERMS 

Code—National Electric 
EIA—Electronic Industries Association 

FHWA—Federal Highway Administration—Depart- 
ment of Transportation 

FSS—Federal Specifications and Standards, Gen- 
eral Services Administration 

IEEE—lInstitute of Electrical and Electronics Engi- 
neers 

MUTCD—Manual on Uniform Traffic Control Devices 
for Streets and Highways. Published by the 
Federal Highway Administration 

NEMA—National Electrical Manufacturers Associa- 
tion 

SAE—Society of Automotive Engineers 
UL—Underwriters Laboratories, Incorporated 

USASI— United States of America Standards Institute 

101.02 Advertisement. The public announcement, as 
required by law, inviting bids for work to be performed 
or materials to be furnished. 

101.03 Award. The acceptance by the Department 
of a bid. 

101.04 Base Course. The layer or layers of specified 
or selected material of designed thickness on a subbase 
or a subgrade to support a surface course. 

101.05 Bidder. An individual, partnership, firm, cor- 
poration, or any acceptable combination thereof, or joint 
venture, submitting a bid for the advertised work. 

101.06 Bridge. A_ structure, including supports, 
erected over a depression or an obstruction, as water, 
highway, or railway, and having a track or passageway for 
carrying traffic or other moving loads and having a length 
measured along the center of roadway of more than twenty 
(20) feet between undercopings of abutments or extreme 
ends of openings for multiple boxes. 

Length. The length of a bridge structure is the overall 
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length measured along the line of survey stationing back 
to back of backwalls of abutments, if present, otherwise 
end to end of the bridge floor; but in no case less than the 
total clear opening of the structure. 

Roadway width. ‘The clear width measured at right 
angles to the longitudinal centerline of the bridge between 
the bottom of curbs or guard timbers or in the case of 
multiple height of curbs, between the bottoms of the lower 
risers and in the case of no curbs or guard timbers, 
between the inner faces of parapet or railing at the bottom. 

101.07 Calendar Day. Every day shown on the cal- 
endar. 

101.08 Contract Change Order. A written order 
issued by the Engineer to the Contractor, covering changes 
in the plans, specifications or quantities or both, within 
the scope of the contract and establishing the basis of pay- 
ment and time adjustments for the work affected by the 
change. 

101.09 Channel. A natural or artificial water course. 

101.10 Contract. The written agreement between the 
Department and the Contractor setting forth the obliga- 
tions of the parties thereunder, including, but not limited 

to, the performance of the work, the furnishing of labor 
and materials, and the basis of payment. 

The contract includes the invitation for bids, proposal, 
contract form and contract bond, Standard Specifications, 
supplemental specifications, special provisions, general 
and detailed plans, Notice to Proceed, and any change 
orders and supplemental agreements that are required to 
complete the construction of the work in an acceptable 
manner, including authorized extensions and basis of pay- 
ment thereof, all of which constitute one instrument. 

101.11 Contract Bond. The approved form of secu- 
rity, executed by the Contractor and his surety or sureties, 
guaranteeing complete execution of the contract and all 
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supplemental agreements pertaining thereto and the pay- 
ment of all legal debts pertaining to the construction of the 
project. 

101.12 Contract Item (Pay Item). An item of work 

specifically described and for which a price, either unit or 
lump sum, is provided. It includes the performance of all 
work and the furnishing of all labor, equipment, and mate- 
rials described in the text of a specific item included in the 
contract or described in the Standard Specifications, sup- 
plemental specifications, or special provisions of the con- 
tract. Contract items are numbered so that the first three 
digits of the item number correspond to the section of the 
same number. Thus, in Item No. 203 0100, which is the 
item number for roadway excavation, the number 203 is 
the section number and corresponds to Section 203 of the 
Standard Specifications, supplemental specifications, and 
special provisions. 

Each contract item shall be constructed under the speci- 
fications contained in the section of the same number, i.e., 
the number preceding aforementioned last four digits. 

101.13 Contracter. The individual, firm, or corpora- 
tion contracting with the Highway Department for per- 
formance of prescribed work. 

101.14 Contract Time. The number of work days or 
calendar days allowed for completion of the contract, 
including authorized time extensions. 

In case a calendar date of completion is shown in the 
proposal in lieu of the number of working or calendar 
days, the contract shall be completed by that date. 

101.15 Culvert. Any structure not classified as a 
bridge which provides an opening under the roadway. 

101.16 Department. The party of the first part to a 
contract which shall be the State Highway Department as 
constituted under the laws of the State of Nevada, for the 
administration of highway work. 
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101.17 Detour. A temporary route for traffic around 
a closed portion of road. 

101.18 Directors. The directors of the State High- 
way Department of the State of Nevada as established by 
the laws of the State of Nevada, acting directly or through 
their authorized representatives. 

101.19 Divided Highway. <A highway with separated 
roadways for traffic in opposite directions. 

101.20 Employee. Any person working on the proj- 
ect mentioned in the contract of which these specifications 
are a part, and who is under the direction and control, or 
receives compensation from the Contractor or his sub- 
contractor. 

101.21 Engineer. The State Highway Engineer of the 
State of Nevada, acting either directly or through his duly 
authorized representatives, who is responsible for the engi- 
neering supervision of the construction. 

101.22 Equipment. All machinery and equipment, 
together with the necessary supplies for upkeep and main- 
tenance, and also tools and apparatus necessary for the 
proper construction and acceptable completion of the 
work. 

101.23 Extra Work. An item of work not provided 
for in the contract as awarded but found essential to the 
satisfactory completion of the contract within its intended 
scope. 

101.24 Frontage Road or Frontage Street. A local 
street or road auxiliary to and located generally on the 
side of an arterial highway for service to abutting property 
and adjacent areas and for control of access. 

101.25 Highway. A general term denoting a public 
way for purposes of vehicular travel, including the entire 
area within the right of way. 



101 DEFINITIONS AND TERMS 

101.26 Holidays. In the State of Nevada, these occur 
on: ; 

January 1 (New Year’s Day) 
Third Monday in February (Washington’s Birthday) 
Last Monday in May (Memorial Day) 
July 4 (Independence Day) 
First Monday in September (Labor Day) 
October 31 (Nevada Day) 
November 11 (Veterans’ Day) 
Fourth Thursday in November (Thanksgiving Day) 
December 25 (Christmas Day) 

or on any day that may be appointed by the President of 
the United States or by the Governor of Nevada for public 
fast, thanksgiving or as a legal holiday. 

If January 1, July 4, October 31, November 11, or 
December 25 falls upon a Sunday, the Monday following 
shall be observed as a holiday. 

If January 1, July 4, October 31, November 11, or 
December 25 falls upon a Saturday, the Friday preceding 
shall be observed as a holiday. 

101.27 Inspector. The Engineer’s authorized repre- 
sentative assigned to make detailed inspections of contract 
performance. 

101.28 Laboratory. The testing laboratory of the 
Department or any other testing laboratory which may 
be designated by the Engineer. 

101.29 Major Contract Item. A “Major Item” shall 
be construed to be any individual bid item included in the 
proposal that has a total cost equal to or greater than 
$50,000 or 5 percent of the total contract cost, whichever 
is the lesser amount. The total contract cost shall be com- 
puted on the basis of the proposal quantities and contract 
unit prices. 

101.30 Materials. Any substances specified for use 
in the construction of the project and its appurtenances. 
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101.31 Median. That portion of a divided highway 
separating the travel ways for traffic generally in opposite 
directions. 

101.32 Notice to Contractors. The official notice 
inviting bids for the proposed work. 

101.33 Notice to Proceed. A written notice to the 
Contractor to proceed with the contract work including, 
when applicable, the date of beginning of contract time. 

101.34 Pavement Structure. The combination of 
base course and surface course placed on a subgrade to 
support the traffic load and distribute it to the roadbed. 

101.35 Plans. The approved project plans and stand- 
ard plans, profiles, typical cross sections, working draw- 
ings, and supplemental drawings, or exact reproductions 
thereof, which show the location, character, dimensions, 
and details of the work to be performed. All such docu- 
ments are to be considered as a part of the plans whether 
or not noted in the special provisions. 

In the above definition, the following terms are defined 
as follows: 

(a) Standard Plans—The standard plans of the State 
Highway Department. 

(b) Project Plans—The project plans are specific details 
and dimensions peculiar to the work and are supplemented 
by the standard plans insofar as the same may apply. 

101.36 Profile Grade. The trace of a vertical plane 
intersecting the top surface of the proposed structural sec- 
tion as shown on the plans. Profile grade means either 
elevation or gradient of such trace according to the con- 
text. 

101.37 Project. The specific section of the highway 
together with all appurtenances and construction to be 
performed thereon at the prices quoted. 
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101.38 Proposal. ' The offer of a bidder, on the pre- 

scribed form, to perform the work and to furnish the labor 
and materials at the prices quoted. 

101.39 Proposal Form. The approved form on which 
the Department requires bids to be prepared and sub- 
mitted for the work. 

101.40 Proposal Guaranty. The security furnished 
with a bid to guarantee that the bidder will enter into the 
contract if his bid is accepted. 

101.41 Right of Way. A general term denoting land, 
property or interest therein, usually in a strip, acquired for 
or devoted to a highway. 

101.42 Road. A general term denoting a public way 
for purposes of vehicular travel, including the entire area 
within the right of way. 

101.43 Roadbed. The graded portion of a highway 
within top and side slopes, prepared as a foundation for 
the pavement structure and shoulders. 

101.44 Roadside. A general term denoting the area 
adjoining the outer edge of the roadway. Extensive areas 
between the roadways of a divided highway may also be 
considered roadside. 

101.45 Roadside Development. Those items nec- 
essary to the complete highway which provide for the 
preservation of landscape materials and features; the reha- 
bilitation and protection against erosion of all areas 
disturbed by construction through seeding, sodding, mulch- 
ing, and the placing of other ground covers; such suitable 
planting and other improvement as may increase the effec- 
tiveness and enhance the appearance of the highway. 

101.46 Roadway. The portion of a highway within 
limits of construction. 
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101.47 Shoulder. The portion of the roadway con- 
tiguous with the travelled way for accommodation of 
stopped vehicles, for emergency use, and for lateral sup- 
port of base and surface courses. 

101.48 Sidewalk. That portion of the roadway pri- 
marily constructed for the use of pedestrians. 

101.49 Special Provisions. Additions and revisions 
to the standard and supplemental specifications covering 
conditions peculiar to an individual project. 

101.50 Specifications. The directions, provisions, and 

requirements contained in the Standard Specifications and 
supplemental specifications as modified by the special 
provisions. Whenever the term “these specifications” is 
used in this book, it means the provisions set forth in this 
book. 

101.51 State. The State of Nevada acting through 
its authorized representatives. 

101.52 Street. A general term denoting a public way 
for purposes of vehicular travel, including the entire area 
within the right of way. 

101.53 Structures. Bridges, culverts, catch basins, 
drop inlets, retaining walls, cribbing, manholes, end walls, 

buildings, sewers, service pipes, underdrains, foundation 

drains, and other features which may be encountered in 
the work and not otherwise classed herein. 

101.54 Subcontractor. Any individual, firm, or cor- 
poration to whom the Contractor, with the consent of the 
Department, sublets any part of the contract. 

101.55 Subgrade. The top surface of a roadbed upon 
which the pavement structure and shoulders including 
curbs are constructed. 

101.56 Substructure. All of that part of the structure 
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below the bearings of simple and continuous spans, skew- 
backs of arches, and tops of footings of rigid frames, 
together with backwall, wingwalls, and wing protection 
railings. 

101.57 Superintendent. The Contractor’s authorized 
representative in responsible charge of the work, present 
on the work at all times during the progress to supervise 
and direct the construction, to receive and fulfill instruc- 
tions from the Engineer, and to accept orders for changed 
and extra work. 

101.58 Superstructure. The entire structure except 
the substructure. 

101.59 Supplemental Agreement. A written agree- 
ment made and entered into by and between the Con- 
tractor and the Department covering work not otherwise 
provided for, revisions in or amendments to the terms of 
the contract, or conditions specifically prescribed in the 
specifications as requiring supplemental agreements. Such 
supplemental agreements become a part of the contract 
when approved and properly executed. 

101.60 Supplemental Specifications. Additions and 
revisions to the Standard Specifications that are adopted 
subsequent to the issuance of the printed book. 

101.61 Surety. The corporation, partnership, or indi- 
vidual, other than the Contractor, executing a bond fur- 
nished by the Contractor. 

101.62 Surface Course. One or more layers of a 
pavement structure designed to accommodate the traffic 
load, the top layer of which resists skidding, traffic abra- 
sion, and the disintegrating effects of climate. The top 
layer is sometimes called “Wearing Course.” 

101.63 Traffic Lane. The portion of a traveled way 
for the movement of a single line of vehicles. 
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101.64 Traveled Way. That portion of roadway for 
the movement of vehicles, exclusive of shoulders and aux- 
iliary lanes. 

101.65 Work. Work will mean furnishing all labor, 
materials, equipment, and other incidentals necessary or 
convenient to the successful completion of the project and 
the carrying out of all of the duties and obligations as 
imposed by the contract. 

101.66 Working Day. A calendar day on which 
weather and other conditions not under the control of the 
Contractor will permit construction operations to proceed 
for the major part of the day (five (5) hours) with the 
normal working force engaged in performing the con- 
trolling item or items of work which would be in progress 
at that time, exclusive, however, of Saturdays, Sundays, 
State recognized holidays, and any day that is incumbent 
upon the Contractor, by means of a labor union, to observe 

as a holiday. However, if the Contractor elects to work 
on such days, those days will be considered as a working 
day. 

Attention is directed to subsections 108.04, “Limitation 
of Operations,” and 108.08, “Determination and Exten- 

sion of Contract Time.” 

101.67 Working Drawings. Stress sheets, shop draw- 
ings, erection plans, falsework plans, framework plans, 

cofferdam plans, bending diagrams for reinforcing steel, 
or any other supplementary plans or similar data which 
the Contractor is required to submit to the Engineer for 
approval. 

101.68 In order to avoid cumbersome and confusing 
repetition of expressions in these specifications, it is pro- 
vided that whenever anything is, or is to be, done, if, as, 
or, when, or where “contemplated, required, determined, 
directed, specified, authorized, ordered, given, desig- 
nated, indicated, considered necessary, deemed necessary, 
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permitted, reserved, suspended, established, approval, 
approved, disapproved, acceptable, unacceptable, suit- 

able, accepted, satisfactory, unsatisfactory, sufficient, insuf- 

ficient, rejected, or condemned,” it shall be understood as 
if the expression were followed by the words “by the Engi- 
neer” or “to the Engineer.” 
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SECTION 102 

BIDDING REQUIREMENTS AND CONDITIONS 

102.01 Notice to Contractors. After the date is fixed 
for the letting of the work, the Department will give notice 
of such letting to Contractors. The Notice to Contractors 
will contain a description of proposed work, together with 
information to the bidder regarding access to the proposal 
forms, plans, and specifications, the amount and nature 
of proposal guaranty, and the reservation of the right of 
the Department to reject any or all bids. 

102.02 Prequalification of Bidders. All bidders shall 
be prequalified as required by law. To be qualified, a 
prospective bidder shall submit, under oath, on the stand- 
ard form furnished by the Department, a statement of his 
financial ability and experience in the performance of 
contracts for public work. Financia! statements shall be 
prepared and certified by a certified public accountant, or 
by an accountant who has been previously approved by 
the Department as being competent to prepare a Con- 
tractor’s financial statement. After verifying the informa- 
tion contained in the statement, the Department shall 
notify the submitter of the maximum contract amount and 
class of work upon which he will be eligible to bid. 

Statements of financial ability and experience shall be 
submitted as of the date upon which the fiscal year of the 
prospective bidder ends. 

In order to remain on the qualified list, a prospective 
bidder shall submit a new statement at the close of his 
fiscal year. A prospective bidder not already qualified 
shail submit his statement of financial ability and experi- 
ence at least five (5) full days prior to the date set for the 
opening of bids in which he is interested in order to have 
it considered, but qualification shall not be granted until 
such statement has been verified. Statements shall pref- 
erably be submitted at least thirty (30) days prior to bid 
opening. 
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Nothing contained in this section shall be construed as 
depriving the Department of its discretion in the matter of 
determining the lowest responsible bidder. 

On Federal-aid projects, any Contractor otherwise qual- 
ified by the State of Nevada to perform such work is not 
required to be licensed nor to submit application for license 
in advance of submitting a bid or having such bid con- 
sidered, provided, however, that such exception does not 
constitute a waiver of the State’s right under its license 
laws to require a Contractor, determined to be a successful 
bidder, to be licensed to do business in the State of Nevada 
in connection with the award of a contract to him. 

No bid will be accepted from, or contract awarded to, 
a Contractor to whom a proposal form has not been issued 
by the Department of Highways. 

102.03 Contents of Proposal Forms. Upon request, 
the Department will furnish the prospective bidder with 
a proposal form. This form will state the location and 
description of the contemplated construction and will show 
the approximate estimate of the various quantities and 
kinds of work to be performed or materials to be furnished, 
and will have a schedule of items for which unit bid prices 
are invited. The proposal form will state the time in which 
the work must be completed, the amount of the proposal 
guaranty, and the date, time, and place of the opening of 

proposals. ‘The form will also include any special provisions 
or requirements which vary from or are not contained in 
the Standard Specifications. 

All papers bound with or attached to the proposal form 
are considered a part thereof and must not be detached or 
altered when the proposal is submitted. 

The plans, specifications, supplemental notices to con- 
tractors, and other documents designated in the proposal 
form will be considered a part of the proposal whether 
attached or not. 

The prospective bidder or interested nonbidder will 
be required to pay the Department the sum stated in the 
advertisement and “Notice to Contractors” for each copy 
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of proposal form and each set of plans. The contract docu- 
ments are nonreturnable and no refund will be made. 

Checks in payment for plans and specifications will be 
made payable to the State of Nevada, Department of High- 
ways. 

102.04 Interpretation of Quantities in the Proposal. 
The quantities given in the Notice to Contractors and in 
the proposal and contract forms are approximate only, 
being given as a basis for the comparison of bids, and the 
Department does not, expressly or by implication, agree 
that the actual amount of work will correspond therewith, 
but reserves the right to increase or decrease the amount 
of any class or portion of the work, or to omit portions 
of the work, as may be deemed necessary or advisable by 
the Engineer. 

102.05 Examination of Plans, Specifications, Contract 
Documents, and Site of Work. The Department will pre- 
pare plans and specifications giving such directions as 
will enable any competent mechanic or Contractor to 
carry them out. The bidder is expected to examine care- 
fully the site of the proposed work, the proposal, plans, 
specifications, supplemental specifications, special provi- 
sions, and contract forms before submitting a proposal. 
The submission of a bid shall be considered prima facie 
evidence that the bidder has made such examination and 
is satisfied as to the conditions to be encountered in per- 
forming the work and as to the requirements of the plans, 
specifications, supplemental specifications, special provi- 
sions, and contract documents. 

When a pay item is shown on the plans and not in the 
proposal, and such pay item is not specifically excluded 
from payment either in these specifications or in the con- 
tract documents, the pay item shall then be considered 
an obvious omission in the proposal. and payment will be 
made according to the provisions of subsection 104.03, 
“Extra Work.” 

Whenever the Department has obtained subsurface 
information for study and design, some of which may 
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constitute possible local materials sources, and which may 
be of interest to bidders, said information may be obtained 
upon request from the Department as “Materials Informa- 
tion.” While such data will have been collected with 
reasonable care, there is no expressed or implied guaranty 
that conditions so indicated are exact or entirely repre- 
sentative of those actually existing and the Department 
will in no way be responsible for the accuracy therein 
contained. It is expressly understood and agreed that 
information obtained as “Materials Information” is not 
a part of the contract. 

Information derived from such inspection of records of 
investigations made by the Department will not in any way 
relieve the Contractor from fulfilling the terms of the 
contract. 

When a log of test borings, showing a record of the data 
obtained by the Department’s investigation of subsurface 
conditions, is included with the contract plans, said record 
is the Department’s opinion of such borings and there is 
no expressed or implied guaranty that conditions so indi- 
cated are exact or entirely representative of those actually 
existing. Such a log is included in the plans only for infor- 
mation and its use is subject to all of the conditions and 
limitations as set forth in this section. 

If a mass diagram has been prepared for a project, it will 
be available to the bidders upon the following conditions: 
The swell or shrinkage of excavated material and the 
direction and quantities of haul or overhaul as shown on 
said mass diagram are for the purpose of design only, and 
as in the case of “Materials Information” the Department 
assumes no responsibility whatever in the interpretation or 
exactness of any of the information shown on the mass 
diagram, and does not, either Gageibotin or implied, make 
any guaranty of the same. 

102.06 Preparation of Proposal. The bidder shall 
submit his proposal upon the forms furnished by the 
Department. The bidder shall specify a unit price in figures 
and words for each pay item for which a quantity is given, 
and shall also show the products of the respective unit 
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prices and quantities, written in figures in the column pro- 
vided for that purpose, and the total amount of the pro- 
posal obtained by adding the amount of the several items. 
All the words and figures shall be in ink or typed. In case 
of a discrepancy between the prices written in words and 
those written in figures, the prices written in words shall 
govern. 

When an item in the proposal contains a choice to be 
made by the bidder, the bidder shall indicate his choice in 
writing, in accordance with the specifications for that par- 
ticular item, and thereafter no further choice will be per- 

mitted. 
The bidder’s proposal must be signed with ink by the 

individual, by one or more members of the partnership, 
by one or more members or officers of each firm repre- 
senting a joint venture, or by one or more officers of a 
corporation, or by an agent of the Contractor, legally qual- 
ified and acceptable to the State. If the proposal is made 
by an individual, his name and post office address must be 
shown; by a partnership, the name and post office address 
of each partnership member must be shown; as a joint 
venture, the name and post office address of each member 
or officer of the firms represented by the joint venture must 
be shown; by a corporation, the name of the corporation 
and the business address of its corporate officials must be 
shown. 

102.07 Irregular Proposals. Proposals will be con- 
sidered irregular and may be rejected for the following 
reasons: 

(a) If the proposal is on a form other than that furnished 

by the Department, or if the form is altered or any part 
thereof is detached. 

(b) If there are unauthorized additions, conditional or 
alternate bids, or irregularities of any kind which may tend 
to make the proposal incomplete, indefinite, or ambiguous 
as to its meaning. 

(c) If the bidder adds any provisions reserving the right 
to accept or reject an award, or to enter into a contract 
pursuant to an award. 
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This does not exclude a bid limiting the maximum gross 
amount of awards acceptable to any one bidder or at any 
one bid letting, provided that the selection of any bid 
awards be made by the Department. 

(d) If the unit prices contained in the proposal are 
obviously unbalanced, either in excess or below the reason- 
able cost analysis values. 

(e) If the proposal does not contain a unit price for each 
pay item listed. 

102.08 Proposal Guaranty. No proposal will be con- 
sidered unless accompanied by a proposal guaranty, in the 
amount equal to five (5) percent of the Contractor’s bid, 

made unconditionally payable to the State Highway 
Department, which guaranty, at the bidder’s option, may 
be cash, cashier’s check, certified check, postal money 

order, bank money order, express money order, bank draft, 
or any other guaranty that may be especially approved by 
the Department. Such proposal guaranty is to be forfeited 
to the Department should the bidder to whom the contract 
is awarded fail to enter into the contract within twenty 
(20) days after award. 

102.09 Delivery of Proposals. Each proposal should 
be submitted in a special envelope furnished by the Depart- 
ment. The blank spaces on the envelope shall be filled in 
correctly to clearly indicate its contents. When an envelope 
other than the special one furnished by the Department is 
used, it shall be of the same general size and shape and 
be similarly marked to clearly indicate its contents. When 
sent by mail, the sealed proposal shall be addressed to the 
Department at the address and in care of the official in 
whose office the bids are to be received. All proposals shall 
be filed prior to the time and at the place specified in the 
advertisement and “Notice to Contractors.” Proposals 
received after the time for opening of bids will be returned 
to the bidder unopened. 

102.10 Withdrawal or Revision of Proposals. A bid- 
der may withdraw or revise a proposal after it has been 
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deposited with the Department, provided the request for 
such withdrawal or revision is received by the Depart- 
ment, in writing or by telegram, before the time set for 
the opening of proposals. The withdrawal of a proposal 
shall not prejudice the right of the bidder to file a new 
proposal provided it is received prior to the time set for 
opening of proposals. 

102.11 Public Opening of Proposals. Proposals will 
be opened and read publicly at the time and place indi- 
cated in the advertisement and “Notice to Contractors.” 
Bidders, their authorized agents, and other interested 
parties are invited to be present. 

102.12 Disqualification of Bidders. Any of the fol- 
lowing reasons may be considered as sufficient for the dis- 
qualification of a bidder and the rejection of his proposal 
or proposals: 

(a) More than one proposal for the same work from an 
individual, firm, or corporation under the same or different 

name. 
(b) Evidence of collusion among bidders. Participants in 

such collusion will receive no recognition as bidders for 
any future work of the Department until any such partici- 
pants shall have been reinstated as qualified bidders. 

(c) Unsatisfactory performance record as shown by past 
work for the Department judged from the standpoint of 
workmanship and progress. 

(d) Uncompleted work which in the judgment of the 
Department might hinder or prevent the prompt comple- 
tion of additional work if awarded. 

(e) Failure to pay or satisfactorily settle all bills due for 
labor or material on former contracts in force at the time 
of letting. 

(f) Failure to hold a valid license of a class correspond- 
ing to the work to be done as required by the State Con- 
tractor’s License Law. However, it is not required that a 

Contractor have a contractor’s license in order to bid on 
Federal-aid projects. 
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(g) Failure to comply with any qualification regulations 

of the Department. 

102.13 Material Guaranty. The successful bidder 
may be required to furnish a complete statement of the 
Origin, composition, and manufacture of any or all mate- 
rials to be used in the construction of the work together 
with samples, which samples may be subject to the tests 
provided for in these specifications to determine their qual- 
ity and fitness for the work. 

192.14 Combination or Conditional Bids. On certain 
projects a bidder may submit bids on more work than he 
desires to have awarded to him. He may indicate the total 
amount he desires to accept and the Department will deter- 
mine which of his low bids on these projects, up to the final 
total indicated, will be accepted. This limitation will only 
apply to those projects on which the following statement 
has been included in the proposal and is properly filled in 
by the Contractor: 

“We desire to disqualify all of our bids at this letting 
which exceed the total of $-.2...2.22.......-.-- Olysaabhiett-ifh---- 
contracts and hereby authorize the Department to deter- 
mine which bids shall be disqualified.” 

“A proposal guaranty, conforming to subsection 102.08, 
“Proposal Guaranty,” in the amount of $....................... 
accompanies the proposal for project number ................... 
or has been filed with the Department in advance.” 

Contractor 

102.15 Motor Fuel Tax Refund. It is understood 
and agreed that the price bid by the Contractor for the 
work to be done under the contract shall include the appli- 
cable tax on motor vehicle fuel and special fuel as required 
by Chapters 365 and 366 of the Nevada Revised Statutes. 

It shall be the Contractor’s responsibility to determine 
that subcontractors have reported fuel consumption to the 
State of Nevada, Department of Motor Vehicles, as 
required by law. 
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SECTION 103 

AWARD AND EXECUTION OF CONTRACT 

103.01 Consideration of Proposals. After the pro- 
posals are opened and read, they will be compared on the 
basis of the summation of the products of the approximate 
quantities shown in the bid schedule by the unit bid prices. 
The results of such comparisons will be immediately avail- 
able to the public. In the event of a discrepancy between 
unit bid prices and extensions, the unit bid prices shall 
govern. 

The right is reserved to reject any or all proposals, to 
waive technicalities, or to advertise for new proposals, if 
in the judgment of the awarding authority, the best inter- 
ests of the Department will be promoted thereby. 

103.02 Award of Contract. In order to meet the 
requirements prescribed under Section 112(c) of the Fed- 
eral-aid Highway Act of 1958 (Title 23, United States 
Code) relative to the award of contracts, each bidder shall 
furnish with his proposal a sworn statement executed by 
or in behalf of the person, firm, association, or corporation 
submitting the bid. Such sworn statement shall be in the 
form appended to the special provisions and shall be sworn 
to before such persons as are authorized by the laws of the 
State to administer oaths. 

The award of the contract, if it be awarded, will be to 
the lowest responsible bidder whose proposal complies with 
all the requirements prescribed. The award, if made, will 

be made within thirty (30) calendar days after the opening 
of the proposals. The successful bidder will be notified by 
letter, mailed to the address shown on his proposal, that his 
proposal has been accepted and that he has been awarded 
the contract. 

The date of the award of the contract shall be the date 
of the “Notice of Award.” 

103.03 Cancellation of Award. The Department 
reserves the right to cancel the award of any contract at 
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any time before the execution of said contract by all parties 
without any liability against the Department. 

Whenever a contract is awarded to an unlicensed Con- 
tractor, it shall be with the full understanding that such 
award shall become null and void should said Contractor 
fail to become licensed, in accordance with the provisions 
of NRS Chapter 624 for any reason within the control of 
said Contractor, within twenty (20) calendar days after 
award of said contract. 

103.04 Return of Proposal Guaranty. All proposal 
guaranties, except those of the three lowest bidders, will 
be returned immediately following the opening and check- 
ing of the proposals. The retained proposal guaranty of 
the unsuccessful of the three lowest bidders will be 
returned within ten (10) days following the award of the 

contract and that of the successful bidder will be returned 
after a satisfactory bond has been furnished and the con- 
tract has been executed. 

103.05 Requirement of Contract Bond. The success- 
ful bidder shall, at the time of the execution of the con- 

tract, furnish a surety bond or bonds in a sum equal to the 
full amount of the contract as a guaranty that he will 
complete the work in accordance with the terms of the 
contract. Such bond, or bonds, shall also provide and 
secure payment for all materials, labor and supplies, trucks, 

and other means of transportation, used in, or upon, or 
about, or for the performance of the work contracted to be 
done, and for any work or labor done thereupon or inci- 
dental thereto. The bond or bonds shall be on the form 
provided in the proposal and shall be written by a surety 
approved by the Insurance Commissioner of the State of 
Nevada. A power of attorney for an attorney in fact who 
executes bonds shall be registered with and approved by 
the Insurance Commissioner of the State of Nevada. The 
power of attorney shall show the limiting amount author- 
ized for issuance of bonds. Written appointment of agent 
of bonding company in and for the State of Nevada shall 
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also be registered with, and approved by, the Insurance 
Commissioner. 

103.06 Execution and Approval of Contract. The 
contract shall be signed by the successful bidder and 
returned, together with the contract bond, within twenty 
(20) calendar days after the contract has been mailed to 
the bidder. If the contract is not executed by the Depart- 
ment within thirty (30) calendar days following receipt 
from the bidder of the signed contract and bond, the bid- 
der shall have the right to withdraw his bid without pen- 
alty. No contract shall be considered as effective until it 
has been fully executed by all the parties thereto. 

103.07 Failure to Execute Contract. Failure to exe- 
cute the contract and file acceptable bonds and/or failure 
to obtain a valid contractor’s license within twenty (20) 
calendar days after the contract has been awarded shall be 
just cause for the annulment of the award and the for- 
feiture of the proposal guaranty which shall become the 
property of the Department, not as a penalty, but as liqui- 
dation of damages sustained. Award may then be made as 
provided in subsection 103.02, “Award of Contract,” or 

the work may be readvertised and constructed under con- 
tract or otherwise, as the Department may decide. 
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SECTION 104 

SCOPE OF THE WORK 

104.01 Intent of the Contract. The intent of the con- 
tract is to provide for the construction and completion in 
every detail of the work described. The Contractor shall 
furnish all labor, materials, equipment, tools, transporta- 
tion, and supplies required to complete the work in accord- 
ance with the plans, specifications, and terms of the 
contract. 

104.02 Increased or Decreased Quantities and Change 
in Character of Work. ‘The Engineer reserves the right 
to make by written order and without notice to surety, 
such alterations in the plans or character or quantity of 
the work which may be considered necessary or desirable 
from time to time during the progress of the work to com- 
plete satisfactorily the proposed construction. Such alter- 
ations shall not be considered as a waiver of any conditions 
of the contract or invalidate any of the provisions thereof. 

Whenever an alteration in character of work involves a 
substantial change in the nature of the design or in the 
type or extent of construction which materially increases 
or decreases the cost of the performance, the work shall 
be performed in accordance with the specifications and as 
directed, provided however, that before such work is 

started, a contract change order acceptable to both parties 
to the contract shall be executed. 

The right is reserved to increase or decrease any or all 
of the items in the estimate of approximate quantities as 
shown in the proposal. The length of the project may be 
increased or decreased by adding or omitting sections or 
by relocation. Under no circumstances shall alterations of 
plans or of the nature of the work involve work beyond 
the termini of the proposed construction except as may be 
necessary to satisfactorily complete the project. 

If it is found that the quantity of any major item 
required to complete the work underruns or overruns less 
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104 SCOPE OF THE WORK 

than twenty-five (25) percent of the proposed quantity, 
payment for the work performed will be made at the 
contract unit price for the quantity of work actually per- 
formed. 

Whenever the termini of the project are changed and 
whenever any change or combination of changes results in 
increasing or decreasing the original contract amount as 
calculated from the bid quantities and contract unit prices 
by more than twenty-five (25) percent, a supplemental 
agreement acceptable to both parties to the contract shall 
be executed in advance of performing the affected work. 

Whenever an overrun or underrun of more than twenty- 
five (25) percent of the original bid quantity for one or 
more major contract items occurs, either party to the 
contract may demand a supplemental agreement to be 
negotiated satisfactory to both parties. 

Revision of any unit price requested by the Contractor 
shall be negotiated on the basis of actual cost plus a 
reasonable allowance for profit and overhead. Written 
request for supplemental agreement shall set forth in detail 
the particulars and character by which the work was 
changed and by what amount the unit price of the proposal 
item will be altered. Failure of the Contractor to file a 
request for a supplemental agreement within ten (10) 
calendar days after any of the above outlined conditions 
are encountered shall be considered as a waiver thereof on 
the part of the Contractor and payment shall be made at 
the contract unit price for the actual quantity of work 
performed. i 

If a supplemental agreement satisfactory to both parties 
cannot be agreed upon, the Engineer may order the work 
in dispute to be performed on a force account basis or he 
may cancel the work from the contract. 

Changes not requiring negotiated agreements, except as 
to extra work involved, shall be ordered by means of a 
contract change order, and acceptance by the Contractor, 
as evidenced by his signature, shall constitute agreement 
that the change does not involve any adjustment of con- 
tract unit prices. Attention is directed to subsection 108.08, 
“Determination and Extension of Contract Time.” Work 
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shall not be started on any such change until the change 
order has been delivered to the Contractor and accepted 
by him. 

In case the Contractor refuses to accept a change order, 
the Engineer may order the work to proceed and defer 
settlement of the disputed points. 

104.03 Extra Work. The Contractor shall perform 
unforeseen work, for which there is no price included in 
the contract, whenever it is deemed necessary or desirable 
in order to complete fully the work as contemplated. Such 
work shall be performed in accordance with the specifica- 
tions and as directed, and will be paid for as agreed unit 
prices, force account, or a combination of the two. Agreed 
unit prices together with the estimated quantities of each 
unit shall be shown. Orders involving extra and force 
account work shall be as detailed in subsection 109.03, 
“Extra and Force Account Work,” and conform to the 

requirements contained therein. 

104.04 Maintenance of Traffic. While undergoing 
improvements, the road shall be kept open to all traffic 
by the Contractor unless otherwise provided for in the 
contract documents. If the usable roadway is not sufficient 
to safely accommodate two-way traffic, the Contractor 
shall adequately maintain one-way traffic. Wherever one- 
way traffic is in effect, the distance shall not be in excess 

of six thousand (6,000) feet or as otherwise set forth in 

writing by the Engineer. Where controlled traffic is neces- 
sary for protection of the work or for the safety of public 
travel, it shall be in accordance with the provisions of sub- 
sections 624.03.02, “Flagmen,” and 624.03.03, “Pilot 

Cars” of these specifications. The Contractor shall also 
provide and maintain in a safe condition, temporary 
approaches or crossings and intersections with trails, roads, 
streets, businesses, parking lots, residences, garages, and 
farms. Snow removal, however, will not be required of the 
Contractor. The Contractor shall bear all expense of main- 
taining the roadway over the section of road undergoing 
improvement and of constructing and maintaining such 
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approaches, crossings, intersections, and other features as 
may be necessary, without direct compensation, except as 
provided in subsection 107.15, “Relief from Maintenance 
and Responsibility,” or in (a) or (b) below: 

(a) Special detours and maintain base. When the pro- 
posal contains an item for “Special Detours” or “Maintain 
Base,” the Contractor will be paid on a “Force Account” 
basis for the construction and maintenance of the detour(s) 
and the maintenance of the roadway base. Attention is 
directed to Section 624, “Accommodations for Public 

Traffic.” 

(b) Maintenance of traffic during suspension of work. 
The Contractor shall be responsible for the maintenance 
of the roadway during suspension of the work when such 
suspensions are due to the Contractor’s negligence. Atten- 
tion is directed to subsection 108.06, “Temporary Suspen- 
sion of the Work.” During any other suspension, the 
Contractor shall make passable and shall open to traffic 
such portions of the project and temporary roadways or 
portions thereof as may be agreed upon between the Con- 
tractor and the Engineer for the temporary accommodation 
of traffic during the anticipated period of suspension. 
Thereafter, and until an issuance of an order for the 

resumption of construction operations, the maintenance 

of the temporary route or line of travel agreed upon will 
be by and at the expense of the Department. Such main- 
tenance and responsibility will include and be restricted to: 
The traveled roadway for the convenience of public travel; 
opening plugged pipes and roadway ditches and drains or 
correcting any other hazard which may be detrimental to 
adjacent property owners or the traveling public. When 
work is resumed, it shall be the Contractor’s responsibility 
to replace, renew, and repair any work or materials lost 
or damaged because of such temporary use of the project 
regardless of the cause of such damage or loss, except as 
provided in subsection 107.15, “Relief of Maintenance 
and Responsibility.” It is herewith expressed that the 
Department is in no way responsible to the Contractor 
to maintain the roadway and appurtenances in any certain 
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condition or state of repair. It is incumbent upon the Con- 
tractor to complete the project in every respect as though 
its prosecution had been continuous and without inter- 
ference. 

Where construction of a project is staged in the plans, 
or otherwise outlined by the contract documents, and if a 
change in the staging or sequence of operations is desir- 
able, the Contractor may submit such change in writing to 
the Engineer. Consideration will be given to each such 
proposal and may be rejected, modified, or accepted by 
the Engineer as he deems best. The Contractor will not 
proceed with any such change in the staging until permis- 
sion is granted by the Engineer in writing. 

When detours, temporary connections, crossovers, con- 
nection roads, and frontage roads are constructed by the 
item “Equipment Hours,” such item shall be full compen- 
sation for excavating, hauling, overhaul, and compacting 
of the material complete and in place and for all labor 
involved to complete the detour. Base and surface courses 
will be paid for at the contract unit price for the particular 
type of material required. All of the above mentioned 
roadways will be constructed to the same standards and 
qualities and subject to the same tests and specifications 
as the main roadway. Attention is directed to Section 624, 
“Accommodations for Public Traffic.” 

When a detour is requested by the Contractor he shall 
make a written request to the Engineer for the establish- 
ment of a detour around all or certain designated sections 
of work. If arrangements for such a detour can be made 
which are satisfactory to the State, to the Contractor, and 

to the governmental agency having jurisdiction over the 
road to be used, the Engineer will designate that road as 
a detour, subject to the following conditions: 

(a) The Contractor shall provide and maintain the nec- 
essary route marking signs. 

(b) The Contractor shall construct and maintain in good 
condition such a detour. If the Contractor fails to main- 
tain the detour in such a condition satisfactory to the 
Engineer, the State will make such repairs as is deemed 
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104 SCOPE OF THE WORK 

suitable and will deduct the cost thereof from money due 
or to become due to the Contractor. 

(c) Provisions for handling traffic will be subject to the 
conditions of subsections 624.03.02, “Flagmen,” and 624.- 
03.03, “Pilot Cars” of these Standard Specifications. 

(d) Upon abandoning the detour, the Contractor shall 

obliterate and dispose of such detour and restore as nearly 
as possible the condition of the ground to its original form 
and to the satisfaction of the Engineer. 

(e) All of the above work will be at the sole expense of 

the Contractor. 

104.05 Rights in and Use of Materials Found on the 
Work. The Contractor, with the approval of the Engi- 
neer, may use on the project such stone, gravel, sand, or 
other material determined suitable by the Engineer, as 
may be found in the excavation and will be paid for both 
the excavation of such materials at the corresponding con- 
tract unit price and also at the contract unit price for the 
pay item for which the excavated material is used. He 
shall replace at his own expense with other acceptable 
material all of that portion of the excavation material so 
removed and used which was needed for use in the 
embankments, backfills, approaches, or otherwise. No 
charge for the materials so used will be made against the 
Contractor. The Contractor shall not excavate or remove 
any material from within the highway location which is not 
within the grading limits, as indicated by the slope and 
grade lines, without written authorization from the Engi- 
neer. 

Unless otherwise provided, the material from any exist- 
ing old structure may be used temporarily by the Con- 
tractor in the erection of the new structure. Such material 
shall not be cut or otherwise damaged except with the 
approval of the Engineer. 

104.06 Final Clean Up. Before final acceptance, the 
Contractor shall remove or obliterate, insofar as feasible, 
all objects or disturbances of the ground which mar the 
landscape and were caused by his operations, whether or 
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not part of the improvement. This shall be required on all 
areas used or occupied by the Contractor within or outside 
the right of way limits. 

Rubbish, excess material, temporary structures, and dis- 

carded equipment shall be collected and buried or 
otherwise disposed of as directed by the Engineer. Such 
material may be burned only upon written approval of the 
governing body and the concurrence of the Engineer. Pits 
or trenches for equipment setups or campsites shall be 
filled and the ground restored, insofar as feasible, to its 
original conditions, within or outside of the right of way 
limits. Temporary haul roads within the right of way limits 
shall be scarified and bladed to blend with surroundings. 
Pits from which materials have been obtained shall be 
dressed and shaped to conform with the surrounding 
ground. Waste shall be removed from the tops of banks 
and placed in the bottom of pit. Unless otherwise specified 
or directed by the Engineer, banks of pits shall be cut to 
not steeper than two to one (2:1) slopes to blend with the 
natural contours. Bottoms of pits shall be reasonably 
smooth. All other disturbances shall be removed or cor- 
rected as directed by the Engineer. 
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SECTION 105 

CONTROL OF WORK 

105.01 Authority of the Engineer. The Engineer will 
decide all questions which may arise as to the quality and 
acceptability of materials furnished and work performed 
and as to the rate of progress of the work; all questions 
which may arise as to the interpretation of the plans and 
specifications; all questions as to the acceptable fulfillment 
of the contract on the part of the Contractor. 

The Engineer will have the authority to suspend the 
work wholly or in part due to the failure of the Contractor 
to correct conditions unsafe for the workmen or the gen- 
eral public; for failure to carry out the provisions of the 
contract; for failure to carry out orders; for such periods 
as he may deem necessary due to unsuitable weather; for 
conditions considered unsuitable for the prosecution of the 
work or for any other condition or reason deemed to be 
in the public interest. 

Whenever the Contractor fails to carry out orders of the 
Engineer, the Engineer will have executive authority to 
enforce such orders and his decision will be final. In the 
event the Contractor fails to execute work ordered by the 
Engineer within a reasonable period of time, the Engineer 
may, after giving notice in writing to the Contractor, pro- 
ceed to have such work performed as deemed necessary 
and the cost thereof shall be deducted from compensation 
due or which may become due the Contractor on the con- 
tract. 

Decisions of the Engineer shall be subject to appeal to 
the Board of Directors, whose decisions shall be final and 

conclusive. Such appeal shall be in writing and shall be 
made within ten (10) calendar days, but in the meantime 
the Contractor shall diligently proceed with the work. 

105.02 Pians and Working Drawings. Plans will 
show details of all structures, lines, grades, typical cross 
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sections of the roadway, location and design of all struc- 
tures, and a summary of items appearing on the proposal. 
The Contractor will keep one set of plans available on the 
work at all times. 

The plans will be supplemented by such working draw- 
ings as are necessary to adequately control the work. 
Working drawings for structures shall be furnished by the 
Contractor. They shall include stress sheets, shop drawings, 
erection plans, fabrication sheets, falsework plans, coffer- 
dam plans, bending diagrams for reinforcing steel, or any 
other supplementary plans or similar data required by the 
Engineer. Unless otherwise specified, all working drawings 
must be submitted in triplicate ten (10) days prior to start 
of related work and approved by the Engineer. Such 
approval shall not operate to relieve the Contractor of any 
of his responsibility under the contract for the successful 
completion of the work. It is mutually agreed that the 
Contractor shall be responsible for agreement of dimen- 
sions and details as well as for conformity of his working 
drawings with the approved plans and specifications. 

The contract price will include the cost of furnishing 
all working drawings. 

105.03 Conformity with Plans and Specifications. All 
work performed and all materials furnished shall be in 
reasonably close conformity with the lines, grades, cross 

sections, dimensions, and materials requirements, including 
tolerances, shown on the plans or indicated in the specifi- 
cations. 

In the event the Engineer finds the materials or the 
finished product in which the materials are used not within 
reasonably close conformity with the plans and specifica- 
tions but that reasonably acceptable work has been pro- 
duced, he shall then make a determination if the work 
shall be accepted and remain in place. In this event, the 
Engineer will document the basis of acceptance by con- 
tract modification which will provide for an appropriate 
adjustment in the contract price for such work or materials 
as he deems necessary to conform to his determination 
based on engineering judgment. 
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In the event the Engineer finds the materials or the 
finished product in which the materials are used or the 
work performed are not in reasonably close conformity 
with the plans and specifications and have resulted in an 
inferior or unsatisfactory product, the work or materials 
shall be removed and replaced or otherwise corrected by 
and at the expense of the Contractor. 

105.04 Coordination of Plans, Specifications, Sup- 
plemental Specifications, and Special Provisions. The 
specifications, supplemental specifications, plans, special 
provisions, and all supplementary documents are essential 
parts of the contract, and a requirement occurring in one 
is as binding as though occurring in all. They are intended 
to be complementary and to describe and provide for a 
complete work. In case of discrepancy, calculated dimen- 
sions will govern over scale dimensions; plans will govern 
over specifications; supplemental specifications will govern 
over specifications; special provisions will govern over both 
specifications and plans. 

The Contractor shall take no advantage of any apparent 
error or omission in the plans or specifications. In the 
event the Contractor discovers such an error or omission, 
he shall immediately notify the Engineer. The Engineer 
will then make such corrections and interpretations as may 
be deemed necessary for fulfilling the intent of the plans 
and specifications. 

105.05 Cooperation by Contractor. The Contractor 
will be supplied with a minimum of four sets of 
approved plans and contract assemblies including special 
provisions, one set of which the Contractor shall keep 
available on the work at all times. Additional copies of 
plans and special provisions may be obtained by the Con- 
tractor upon written request to the Department. 

The Contractor shall give the work constant attention 
necessary to facilitate the progress thereof, and shall coop- 
erate with the Engineer, his inspectors, and other Con- 
tractors in every way possible. 

The Contractor shall have on the work at all times, as 
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his agent, a competent superintendent capable of reading 
and thoroughly understanding the plans and specifications 
and thoroughly experienced in the type of work being per- 
formed, who shall receive instructions from the Engineer 
or his authorized representatives. Such superintendent 
shall be designated in writing before starting work. The 
superintendent shall have full authority to execute orders 
or directions of the Engineer without delay, and to 
promptly supply such materials, equipment, tools, labor, 
and incidentals as may be required. Such superintendence 
shall be furnished irrespective of the amount of work 
sublet. 

Whenever the Contractor or his authorized representa- 
tive is not present on any particular part of the work 
where it may be desired to give direction, orders will be 
given by the Engineer to the Contractor’s superintendent, 
foreman, or other person in charge of the operation, who 
is present, and these orders shall have the same force and 
effect as if given to the Contractor or his designated rep- 
resentative. 

Any order given by the Engineer, not otherwise required 
by the specifications to be in writing, will on request of the 
Contractor be given or confirmed by the Engineer in writ- 
ing. 

105.06 Cooperation with Utilities. The Department 
will notify all utility companies, all pipeline owners, or 
other parties affected, and endeavor to have all necessary 
adjustments of the public or private utility fixtures, pipe- 
lines, and other appurtenances within or adjacent to the 
limits of contruction, made as soon as practicable. 

Water lines, gas lines, wire lines, service connections, 

water and gas meter boxes, water and gas valve boxes, 
light standards, cable ways, signals, and all other utility 
appurtenances within the limits of the proposed construc- 
tion which are to be relocated or adjusted are to be moved 
by the owners at their expense, except as otherwise pro- 
vided for in the special provisions or as noted on the plans. 

Attention is directed to the possible existence of under- 
ground facilities not known to the State or in a location 
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different from that which is shown on the plans or in the 
special provisions. The Contractor shall take steps to ascer- 
tain the exact location of all undergound facilities prior to 
doing work that may damage such facilities or interfere 
with their service. 

Where it is determined by the Engineer that the 
rearrangement of an underground facility, the existence 
of which is not shown on the plans or in the special pro- 
visions, is essential in order to accommodate the highway 
improvement, the Engineer will provide for the rearrange- 
ment of such facility by other forces or such rearrange- 
ment shall be performed by the Contractor and will be 
paid for as extra work as provided in subsection 104.03, 
“Extra Work.” 

Any delays to the Contractor’s operations as a direct 
result of utility or other nonhighway facilities not being 
rearranged as herein provided (other than delays in con- 
nection with rearrangements made to facilitate his con- 
struction operations) will be considered right of way delays 
within the meaning of subsection 108.12, “Right of Way 
Delays.” 

Compensation for such delay will be determined in 
accordance with subsection 108.12, “Right of Way 
Delays,” and no further compensation will be allowed 
therefor. Attention is directed to subsection 107.17, “Con- 
tractor’s Responsibility for Utility Property and Service.” 

105.07 Cooperation Between Contractors. The 
Department reserves the right at any time to contract for 
and perform other or additional work on or near the work 
covered by the contract. 

When separate contracts are let within the limits of any 
one project, each Contractor shall conduct his work so as 
not to interfere with or hinder the progress or completion 
of the work being performed by other Contractors. Con- 
tractors working on the same project shall cooperate with 
each other as directed. 

Each Contractor involved shall assume all liability, 
financial or otherwise, in connection with his contract and 
shall protect and save harmless the Department from any 
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and all damages or claims that may arise because of incon- 
venience, delay or loss experienced by him because of the 
presence and operations of other Contractors working 
within the limits of the same project. 

The Contractor shall arrange his work and shall place 
and dispose of the materials being used so as not to inter- 
fere with the operations of other Contractors within the 
limits of the same project. He shall join his work with 
that of the others in an acceptable manner and shall per- 
form it in proper sequence to that of the others. 

105.08 Construction Stakes, Lines, and Grades. The 

Engineer will set construction stakes establishing lines, 
slopes, and continuous profile-grade in road work, and 
centerline and bench marks for bridge work, culvert work, 
protective and accessory structures, and appurtenances as 
he may deem necessary, and will furnish the Contractor 
with all necessary information relating to lines, slopes, and 
grades. These stakes and marks shall constitute the field 
control by and in accordance with which the Contractor 
shall establish other necessary controls and perform the 
work. 

The Contractor shall be held responsible for the preser- 
vation of all stakes and marks, and if any of the con- 
struction stakes or marks have been carelessly or willfully 
destroyed or disturbed by the Contractor, the cost of 
replacing them will be charged against him and will be 
deducted from the payment for the work. 

The Department will be responsible for the accuracy of 
lines, slopes, grades, and other engineering work which is 
set forth under this section. 

105.09 Authority and Duties of the Resident Engi- 
neer. As the direct representative of the State Highway 
Engineer, the resident engineer has immediate charge of 
the engineering details of each construction project. He is 
responsible for the administration and satisfactory com- 
pletion of the project. The resident engineer shall have the 
authority to reject defective materials and to suspend any 
work that is being improperly performed. 
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105.10 Duties of the Inspector. Inspectors employed 
by the Department will be authorized to inspect all work 
done and all materials furnished. Such inspection may 
extend to all or any part of the work and to the prepara- 
tion, fabrication, or manufacture of the materials to be 

used. The inspector will not be authorized to alter or waive 
the provisions of the contract. The inspector will not be 
authorized to issue instructions contrary to the plans and 
specifications, or to act as foreman for the Contractor. 

105.11 Inspection. All materials and each part or 
detail of the work shall be subject to inspection by the 
Engineer. The Engineer shall be provided acceptable 
access to all parts of the work and shall be furnished with 
such information and assistance by the Contractor as 
required to make a complete and detailed inspection. 

If the Engineer requests it, the Contractor, at any time 
before acceptance of the work, shall remove or uncover 
such portions of the finished work as may be directed. 
After examination, the Contractor shall restore said por- 
tions of the work to the standard required by the specifica- 
tions. Should the work thus exposed or examined prove 
acceptable, the uncovering, or removing and the replace- 
ing of the covering, or making good of the parts removed 
will be paid for as extra work; but should the work so 
exposed or examined prove unacceptable, the uncovering, 
or removing and replacing of the covering, or making good 
of the parts removed will be at the Contractor’s expense. 
Any work done or materials used without inspection by 

an authorized Department representative may be ordered 
removed and replaced at the Contractor’s expense unless 
the Department representative failed to inspect after hav- 
ing been given reasonable notice in writing that the work 
was to be performed. 

When facilities of any unit of government or political 
subdivision or of any railroad corporation or public utility 
corporation are adjusted or constructed as a part of the 
work covered by this contract, its respective representatives 
shall have the right to inspect the work. Such inspection 
shall in no sense make any unit of government or political 
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subdivision or any railroad corporation or public utility 
corporation a party to this contract, and shall in no way 
interfere with the rights of either party thereunder. 

105.12 Removal of Unacceptable and Unauthorized 
Work. All work which does not conform to the require- 
ments of the contract will be considered as unacceptable 
work, unless otherwise determined acceptable under the 
provisions in subsection 105.03, “Conformity with Plans 
and Specifications.” 

Unacceptable work, whether the result of poor work- 
manship, use of defective materials, damage through care- 
lessness, or any other cause, found to exist prior to the 

final acceptance of the work, shall be removed immediately 
and replaced in an acceptable manner. 

Work done contrary to the instructions of the Engineer, 
work done beyond the lines shown on the plans, or as 
given, except as herein specified, or any extra work done 
without authority, will be considered as unauthorized and 
will not be paid for under the provisions of the contract. 
Work so done may be ordered removed or replaced at the 
Contractor’s expense. 

Upon failure on the part of the Contractor to comply 
forthwith with any order of the Engineer, made under the 
provisions of this article, the Engineer will have authority 
to cause unacceptable work to be remedied or removed 
and replaced and unauthorized work to be removed and 
to withhold the costs from any money due or to become 
due the Contractor. 

105.13 Load and Speed Restrictions. The Contractor 
shall be responsible for all damage to the work caused by 
his hauling equipment. 

In hauling material for incorporation in portions of high- 
ways under construction or reconstruction, hereinafter 
called the project, loads which are in excess of the limits 
set by the Department will not be permitted on any exist- 
ing bridge or new and existing bituminous base and sur- 
face, cement treated base, or Portland cement concrete 
paving which is to remain in place for vehicular traffic 
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within the project or between the project and the pits or 
other sources of materials. Load limits established by the 
Department for the project shall be complied with regard- 
less of the source of materials, whether from described 

pits, approved pits or commercial sources. Unless other- 
wise stated in the special provisions, the maximum loads 
shall not exceed the limits set forth in Chapter 484 of the 
Nevada Revised Statutes and all acts amendatory thereto 
or supplementary thereof. 

Construction loads greater than legal loads may be car- 
ried over any new bridge structure within the project pro- 
viding the Contractor complies with all of the following 
limitations and provisions: 

(a) Concrete in any such structure must have attained 
designed strength as shown on the structure plans. 

(b) The gross load of the vehicle shall not exceed 108,- 

000 pounds. 
(c) Gross load on any individual axle shall not exceed 

48,000 pounds. 

(d) The gross load on any individual set of tandem axles 
spaced not more than six (6) feet apart shall not exceed 
72,000 pounds. 

(ec) The center to center spacing of individual axles or 
center to center spacing of pairs of tandem axles shall not 
be less than fourteen (14) feet. 

(f) No more than one lane of vehicles shall operate over 
any structure. 

(g) The speed of any vehicle approaching or traveling 
on any structure shall not exceed ten (10) mph. 

(h) The roadway surface approaching any structure shall 
be kept smooth and uniformly graded for one hundred 
fifty (150) feet each side of the structure and shall be 
maintained to provide a uniform transition onto the struc- 

Petre: 
(i) A cover of six (6) inches + one (1) inch shall be 

_ placed and maintained on the decks of all structures. 
_ Cover material shall not include rocks of diameter greater 
_ than three (3) inches. 

_ The limitations (b, c, d, e, f, i) may be waived for all 
_ reinforced concrete box culverts providing that the depth 
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of fill compacted and in place over the reinforced con- 
crete box culvert is equal to or greater than the distance 
between inside faces of outside walls measured along cen- 
terline of roadway. Fill may be placed not to exceed 
profile grade elevation. 

Construction loads greater than legal loads may be car- 
ried over structures within the project which have spans 
of ten (10) feet to twenty (20) feet only when the Con- 
tractor complies with the above items, letters (c) to (i), 
inclusive; however, the limitations as set forth in para- 
graphs (c) to (e), inclusive, may be waived by the Engi- 
neer for reinforced concrete box structures which are 
adequately supported by shoring. The Contractor shall 
submit his proposed shoring details and the actual loads 
and axle spacings to the Engineer for review prior to the 
planned hauling. Approval will be based on a review of 
the shoring details and a physical inspection of the shor- 
ing complete and in place. 

The Engineer shall make sufficient checks to satisfy him- 
self that the Contractor is complying with all limitations, 
and any violation shall result in denying the Contractor use 
of the structure until the violation has been corrected to 
the satisfaction of the Engineer. 

The provision that the Contractor may haul construction 
loads greater than legal loads on new structures shall not 
relieve the Contractor of his responsibility for all damage 
caused by his hauling equipment. 

The Engineer may, for the protection of the traveling 
public, establish speed limits on or adjacent to the project. 
Such limitations of speed shall be strictly observed by the 
Contractor. 

105.14 Maintenance During Construction. The Con- 
tractor shall maintain the work during construction and 
until the project is accepted, except as provided for in 
subsections 104.04, “Maintenance of Traffic,” and 107.15, 
“Relief from Maintenance and Responsibility.” This main- 
tenance shall constitute continuous and effective’ work 
prosecuted day by day, with adequate equipment and 
forces to the end that the roadway and structures are, at 
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all times, to be kept in a condition satisfactory to the 
Engineer. 

In the case of a contract for the placing of a course upon 
a course or subgrade previously constructed, the Con- 
tractor shall maintain the previous course or subgrade 
during all construction operations. 

Except as provided for in subsections 104.04, “Mainte- 
nance of Traffic,” and 107.15, “Relief from Maintenance 

and Responsibility,” all costs of maintenance work dur- 

ing construction and before the project is accepted shall 
be included in the unit prices bid on the various pay items 
and the Contractor will not be paid an additional amount 
for such work. 

105.15 Failure to Maintain Roadway or Structure. 
If the Contractor, at any time, fails to comply with the 
provisions of subsection 105.14, “Maintenance During 
Construction,” the Engineer will immediately notify the 
Contractor in writing of such noncompliance. If the Con- 
tractor fails to remedy unsatisfactory maintenance within 
twenty-four (24) hours after receipt of such notice, the 
Engineer may immediately proceed to maintain the proj- 
ect, and the entire cost of this maintenance will be 

deducted from money due or to become due the Con- 
tractor. 

105.16 Final Acceptance. Upon due notice from the 
Contractor or presumptive completion of the entire project, 
the Engineer will make an inspection and if all construc- 
tion and final cleanup provided for and contemplated by 
the contract is found completed to his satisfaction, that 
inspection shall constitute the final inspection and the 
Engineer will make the final acceptance and notify the 
Contractor in writing of this acceptance as of the date of 
final inspection. Attention is directed to subsection 104.06, 
“Final Cleanup.” 

If however, the inspection discloses any work, in whole 

or in part, as being unsatisfactory, the Engineer will give 
the Contractor the necessary instructions for correction of 
same, and the Contractor shall immediately comply with 
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and execute such instructions. Upon correction of the 
work another inspection will be made which shall consti- 
tute the final inspection provided the work has been satis- 
factorily completed. In such event, the Engineer will make 
the final acceptance and notify the Contractor in writing of 
this acceptance as of the date of final inspection. 

105.17 Claims for Adjustment and Disputes. If, in 
any case, the Contractor deems that additional compensa- 
tion is due him for work or material not clearly covered 
in the contract or not ordered by the Engineer as extra 
work as defined herein, the Contractor shall notify the 
Engineer in writing of his intention to make claim for such 
additional compensation before he begins the work on 
which he bases the claim. If such notification is not given, 
and the Engineer is not afforded proper facilities by the 
Contractor for keeping strict account of actual cost as 
required, then the Contractor hereby agrees to waive any 
claim for such additional compensation. Such notice by 
the Contractor, and the fact that the Engineer has kept 
account of the cost as aforesaid, shall not in any way be 
construed as proving or substantiating the validity of the 
claim. If the claim, after consideration by the Engineer, 
is found to be just, it will be paid as extra work as pro- 
vided herein for “Force Account” work. Nothing in this 
subsection shall be construed as establishing any claim 
contrary to the terms of subsection 104.02, “Increased or 
Decreased Quantities and Change in Character of Work.” 
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CONTROL OF MATERIAL 

106.01 Source of Supply and Quality Requirements. 
The Contractor shall furnish all materials required to com- 
plete the work, except materials that are designated in the 
special provisions to be furnished by the State as specified 
in subsection 106.11, “Department Furnished Materials.” 

Only materials conforming to the requirements of the 
specifications shall be incorporated in the work. 

The materials furnished and used shall be new, except 
as may be provided elsewhere in these specifications, on the 
plans or in the special provisions. The materials shall be 
manufactured, handled, and used in a workmanlike manner 
to ensure completed work in accordance with the plans and 
specifications. 

The Contractor shall furnish the Engineer a list of his 
sources of materials. The list shall be submitted on a State- 
furnished form and shall be furnished to the Engineer in 
sufficient time to permit proper inspecting and testing of 
materials to be furnished from such listed sources in 
advance of their use. 

If it is found after trial that sources of supply for pre- 
viously approved materials do not produce uniform and 
satisfactory products, or if the product from any source 
proves unacceptable at any time, the Contractor shall fur- 
nish satisfactory materials from other sources. 

The Contractor shall furnish without charge such sam- 
ples as may be required. Inspection and tests will be made 
by the Engineer or his designated representative, but it is 
understood that such inspections and tests, if made at any 
point other than the point of incorporation in the work, in 
no way shall be considered as a guarantee of acceptance of 
such material nor of continued acceptance of material pre- 
sumed to be similar to that upon which inspections and 
tests have been made. 

Manufacturers’ warranties, guarantees, instruction sheets, 
and parts lists, which are furnished with certain articles or 
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materials incorporated in the work, shall be delivered to the 
Engineer before acceptance of the contract. 

Reports and records of inspections made and tests per- 
formed when available at the site of the work may be 
examined by the Contractor. 

106.02 Local Materials. Local material is rock, sand, 
gravel, earth, or other mineral material, other than local 
borrow or selected material, obtained or produced from 
sources in the vicinity of the work specifically for use on 
the project. Local material does not include materials 
obtained from established commercial sources. 

Local materials shall be furnished by the Contractor 
from any source the Contractor may elect, except when a 

mandatory source is designated in the special provisions. 
Aggregates for base, surface, and concrete may be the 

products of approved commercial producers, provided they 
meet specification requirements. 

The furnishing of local materials from any source is 
Subject to the provisions of subsections 102.05, “Examina- 
tion of Plans, Specifications, Contract Documents, and Site 
of Work,” and 106.03, “Possible Local Material Sources.” 
Material deposits shall not be excavated at locations where 
their resulting scars will present an unsightly appearance 
from any highway, unless such deposit is approved in writ- 
ing by the Engineer. 

Generally deposits other than those indicated in the 
“Materials Information” packet will not be approved if 
located within one thousand (1,000) feet of right of way 
line. In any case the Contractor’s pit operations shall not 
encroach within twenty-five (25) feet of highway right of 
way. Payment will not be made on material obtained in 
violation of these provisions. 

The Contractor shall, at his own expense, make any and 
all arrangements necessary for hauling over local, public or 
private roads or property from any source. Full compensa- 
tion for furnishing all labor, materials, tools, equipment 
and incidentals, for doing all the work involved in con- 
forming to the provisions in this subsection and for furnish- 
ing and producing materials from any source shall be 
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considered as included in the price paid for the contract 
item of work involving such material and no additional 
compensation will be allowed therefor. 

106.03 Possible Local Material Sources. If the Con- 
tractor desires to use materials from sources other than 
those described in the “Materials Information,” as referred 

to in subsection 102.05, “Examination of Plans, Specifica- 
tions, Contract Documents, and Site of Work,” he shall, at 
his own expense, acquire the necessary right to take mate- 
rial and shall obtain all other necessary permits and 
approvals and shall comply with all the requirements and 
stipulations in effect by other governing agencies having 
jurisdiction over the area, and pay all costs involved, 
including any which may result from an increase in length 
of haul. All costs of exploring and developing such alter- 
nate sources shall be borne by the Contractor and the use 
of material from such sources will not be permitted until 
representative samples taken by the Engineer have been 
approved and written authority issued for the use thereof. 

The Contractor’s attention is especially directed to the 
new Part 23 of Title 43 Code of Federal Regulations titled 
“Surface Exploration, Mining and Reclamation of Lands” 
which pertains to all exploration, developing and obtaining 
material from said alternate deposits located upon land 
under the jurisdiction of the Bureau of Land Management. 
A pertinent portion of this Part 23 follows: 

§ 23.8 Approval of mining plan. 

(a) (1) Before surface mining operations may com- 
mence under any permit or lease issued under the mineral 
leasing acts the operator must file a mining plan with the 
mining supervisor and obtain his approval of the plan. 
Paragraphs (b) through (g) of this section confer author- 
ity upon mining supervisors with respect to mining plans 
pertaining to permits or leases issued under the mineral 
leasing acts. The mining supervisor shall consult with the 
district manager with respect to the surface protection 
and reclamation aspects before approving said plan. 

(2) Before surface mining operations may commence 
under any permit issued or contract.made under the 
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Materials Act, the operator must file a mining plan with 
the district manager and obtain his approval of the plan. 
Paragraphs (b) through (g) of this section confer author- 
ity upon district managers with respect to mining plans 
pertaining to permits issued or contracts made under the 
Materials Act. 

(b) Depending on the size and nature of the operation 
and the requirements established pursuant to § 23.5, the 
mining supervisor or the district manager may require 
that the mining plan submitted by the operator include 
any or all of the following: 

(1) A description of the location and area to be 
affected by the operations; 

(2) Two copies of a suitable map, or aerial photograph 
showing the topography, the area covered by the permit, 
lease, or contract, the name and location of major topo- 
graphic and cultural features, and the drainage plan 
away from the area to be affected; 

(3) A statement of proposed methods of operating, 
including a description of proposed roads or vehicular 
trails; the size and location of structures and facilities to 
be built; 

(4) An estimate of the quantity of water to be used 
and pollutants that are expected to enter any receiving 
waters; 

(5) A design for the necessary impoundment, treat- 
ment or control of all runoff water and drainage from 
workings so as to reduce soil erosion and sedimentation 
and to prevent the pollution of receiving waters; 

(6) A description of measures to be taken to prevent 
or control fire, soil erosion, pollution of surface and 
ground water, damage to fish and wildlife, and hazards 
to public health and safety; and 

(7) A statement of the proposed manner and time of 
performance of work to reclaim areas disturbed by the 
holder’s operation. 

~ (c) In those instances in which the permit, lease, or 
contract requires the revegetation of an area of land to 
be affected the mining plan shall show: 

(1) Proposed methods of preparation and fertilizing 
the soil prior to replanting; 

(2) Types and mixtures of shrubs, trees, or tree seed- 
lings, grasses or legumes to be planted; and 

(3) Types and methods of planting, including the 

48 



CONTROL OF MATERIAL 106 

amount of grasses or legumes per acre, or the number 
and spacing of trees, or tree seedlings, or combinations 
of grasses and trees. 

(d) In those instances in which the permit, lease, or 
contract requires regrading and backfilling, the mining 
plan shall show the proposed methods and the timing of 
erading and backfilling of areas to be affected by the 
operation. | 

(e) The mining supervisor or the district manager shall 
review the mining plan submitted to him by the operator 
and shall promptly indicate to the operator any changes, 
additions, or amendments necessary to meet the require- 
ments formulated pursuant to § 23.5, the provisions of 
the regulations in this part and the terms of the permit, 
lease, or contract. The operator shall comply with the 
provisions of an approved mining plan. 

(f) A mining plan may be changed by mutuai consent 
of the mining supervisor or the district manager and the 
operator at any time to adjust to changed conditions or 
to correct any oversight. To obtain approval of a change 
or supplemental plan the operator shall submit a written 
statement of the proposed changes or supplement and 
the justification for the changes proposed. The mining 
supervisor or the district manager shall promptly notify 
the operator that he consents to the proposed changes or 
supplement or, in the event he does not consent, he shall 
specify the modifications thereto under which the pro- 
posed changes or supplement would be acceptable. After 
mutual acceptance of a change of a plan the operator 
shall not depart therefrom without further approval. 

(g) If circumstances warrant, or if development of a 
mining plan for the entire operation is dependent upon 
unknown factors which cannot or will not be determined 
except during the progress of the operation, a partial 
plan may be approved and supplemented from time to 
time. The operator shall not, however, perform any 
operation except under an approved plan. 

§ 23.9 Performance bond. 

(a) (1) Upon approval of an exploration plan or min- 
ing plan, the operator shall be required to file a suitable 
performance bond of not less than $2,000 with satisfac- 
tory surety, payable to the Secretary of the Interior, 
and the bond shall be conditioned upon the faithful 
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compliance with applicable regulations, the terms and 
conditions of the permit, lease, or contract, and the 
explorations or mining plan as approved, amended or 
supplemented. The bond shall be in an amount sufficient 
to satisfy the reclamation requirements of an approved 
exploration or mining plan, or an approved partial or 
supplemental plan. In determining the amount of the 
bond consideration shall be given to the character and 
nature of the reclamation requirements and the estimated 
costs of reclamation in the event that the operator for- 
feits his performance bond. 

(2) In lieu of a performance bond an operator may 
elect to deposit cash or negotiable bonds of the U.S. 
Government. The cash deposit or the market value of 
such securities shall be equal at least to the required sum 
of the bond. 

(b) A bond may be a nationwide or statewide bond 
which the operator has filed with the Department under 
the provisions of the applicable leasing regulations in 
Subchapter C of Chapter II of this title, if the terms 
and conditions thereof are sufficient to comply with the 
regulations in this part. 

(c) The district manager shall set the amount of a 
bond and take the necessary action for an increase or 
for a complete or partial release of a bond. He shall take 
action with respect to bonds for leases or permits only 
after consultation with the mining supervisor. 

(d) Performance bonds will not be required of Fed- 
eral, State or other governmental agencies. Where the 
exploration or mining is actually performed for such 
Federal, State, or governmental agencies by a Contractor 
who would have to post a bond under the terms of para- 
graph (a) of this section if he were the operator, such 
agencies shall require the Contractor to furnish a bond 
payable to the United States which meets the require- 
ments of paragraph (a) of this section. If, for some other 
purpose, the Contractor furnishes a performance bond, 
and amendment to that bond which meets the require- 
ments of paragraph (a) of this section will be acceptable 
in lieu of an additional or separate bond. 

Where the Department has made arrangements with own- 
ers of land in the vicinity of a project for obtaining material 
from an owner’s property, such arrangements are made 
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solely for the purpose of providing all bidders an equal 
opportunity to obtain material from such property. Bidders 
or Contractors may, upon written request, inspect the doc- 
uments evidencing such arrangements between property 
owners and the Department. The Contractor may, if he so 
elects, exercise any rights that have been obtained, which 
may be exercised by a Contractor under such arrangements, 
subject to and upon the conditions hereinafter set forth. 

Such arrangements are not a part of the contract and it 
is expressly understood and agreed that the Department 
assumes no responsibility to the bidder or Contractor what- 
soever in respect to the Department’s arrangements made 
with the property owner to obtain materials therefrom and 
that the Contractor shall assume all risks in connection 
with the use of such property, the terms upon which such 
use shall be made, and there is no warranty or guarantee, 
either expressed or implied, as to the quality or quantity of 
materials that can be obtained or produced from such 
property or the type or extent of processing that may be 
required in order to produce material conforming to the 
requirements of the specifications. 

In those instances in which the Department has com- 
piled “Materials Information” as referred to in subsection 
102.05, “Examination of Plans, Specifications, Contract 
Documents and Site of Work,” said compilation may 
include the documents setting forth the arrangement made 
with some of the property owners for obtaining material 
from such owners’ properties. The inclusion of such docu- 
ments therein shall not in any respect operate as a waiver 
of any of the provisions in this section concerning said doc- 
uments. | 

The bidder or Contractor is cautioned to make such 
independent investigation and examination as he deems 
necessary to satisfy himself as to the quality and quantity 
of materials available from such property, the type and 
extent of processing that may be required in order to pro- 
duce material conforming to the requirements of the speci- 
fications and the rights, duties, and obligations acquired 
or undertaken under such an arrangement with the prop- 
erty owner. . 
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Notwithstanding that the Contractor may elect to obtain 
materials from any such property owner’s property, no 
material may be obtained from such property unless the 
Contractor has first either: 

(a) Executed a document that will guarantee to hold such 
owner harmless from all claims for injury to persons or 
damage to property resulting from the Contractor’s opera- 
tions on the property owner’s premises and also agree to 
conform to all other provisions set forth in the arrangement 
made between the Department and the property owner. 
Said document will be prepared by the Engineer for execu- 
tion by the Contractor, or 

(b) Entered into an agreement with the owner of the 
material source on any terms mutually agreeable to the 
owner and the Contractor, provided that the Contractor 
shall furnish to the Engineer a release, in a form satisfac- 
tory to the Engineer, executed by the owner, relieving the 
Department of any and all obligations under the Depart- 
ment’s arrangement with the owner. 

If the Contractor elects to obtain material under (a), the 
use of such site shall be subject to the terms, conditions 
and limitations of the arrangement made between the prop- 
erty owner and the Department and the Contractor shall 
pay such charges as are provided for in the arrangement 
made by the Department with the property owner. 

If the Contractor elects to obtain material under (b), he 
shall pay such charges as are provided for in the agreement 
between the owner and the Contractor. 

Unless otherwise provided and before acceptance of the 
contract, the Contractor shall submit written evidence that 

the owner of the material source is satisfied that the Con- 
tractor has satisfactorily complied with the provisions of 
either (a), the arrangement between the Department and 
the owner, or (b), the agreement between the owner and 
the Contractor, as the case may be. 

Where the State has obtained the right to remove mate- 
rials from lands owned or controlled by the U.S. Govern- 
ment, by withdrawal or otherwise, and these areas are set 
forth in the “Materials Information” for the project the 
successful bidder on the project may enter and remove 
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materials for use on subject project only, without further 
permission. The Contractor may not enter on or remove 
materials from any other areas withdrawn or otherwise 
obtained by the Department from the U.S. Government 
which is not set forth in the “Materials Information” for 
the project without prior written approval from the Depart- 
ment. . 

Should the Contractor enter upon any of the areas with- 
drawn or otherwise obtained by the Department from the 
U.S. Government, it shall be his responsibility to determine 
the rights of others in the area. The Contractor shall not 
encroach on easements of others without their written per- 
mission and shall assume the responsibility for any dam- 
ages due to his entering said area. In addition, the 
Contractor shall be bound by the terms, conditions, and 
reservations contained in the approved application for 
withdrawal. 

Full compensation for furnishing all labor, materials, 
tools, equipment, and incidentals, and for doing all the 

work involved in furnishing and producing specified mate- 
rials from possible local material sources, including the 
construction of any access roads or fences and any clearing, 
srubbing, and stripping of material sources, and all process- 
ing of whatever nature and extent required, shall be con- 
sidered as included in the price paid for the contract item 
of work involving such material and no additional com- 
pensation will be allowed therefor. 

106.04 Samples and Tests. Except as provided in 
subsection 106.05, “Certificates of Compliance,” all mate- 
rials will be inspected, tested, and accepted by the Engineer 
before incorporation in the work. Any work in which 
untested and umnaccepted materials are used without 
approval or written permission of the Engineer shall be 
performed at the Contractor’s risk and may be considered 
as unacceptable and unauthorized and will not be paid for. 

It is the intent of these specifications that the Contractor 
shall produce materials at the plant that conform in all 
respects to the requirements of the specifications; however, 
blending on the roadbed to correct for minor deficiencies in 
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grading, sand equivalent, or excess plasticity will be 
allowed under the following conditions: . 
(a) All blending material added on roadway and all work 

involved in processing such material will be at the expense 
of the Contractor. 

(b) Processing of the material will continue until a homo- 
geneous mixture is obtained. Uniform gradation shall be 
obtained to the degree that sieve analysis tests show less 
than ten (10) percent difference, plus or minus, in the 

amount of material passing the No. 16 sieve, determined 
by comparing sieve analysis tests on two samples of proc- 
essed and blended material. Samples for tests, taken for 
the above conditions, shall be confined within a distance of 
five hundred (500) feet of each other and also taken in the 
same continuous windrow. 
When the Contractor requests progress samples taken at 

the crushing plant, the plant shall be provided with a 
mechanical means for obtaining samples. Samples of the 
finished product of the plant shall be obtained prior to or 
as the material leaves the conveyor belt for the bin or 
stockpile. The sampling device shall be so constructed that 
small representative samples may be taken frequently and 
these small samples combined to form the complete sam- 
ple. The samples shall be delivered by mechanical means 
to a point on the ground or other safe and accessible spot 
satisfactory to the Engineer. Test results run from samples 
taken will be furnished to the Contractor’s representative 
at his request. The results of such tests shall not be the 
basis for final acceptance of the material. 

Sampling for final acceptance of ‘materials will be as 
hereinafter outlined: 

(a) Types 1, 2, and 3, Class B aggregate base courses 
and “Selected Material Base or Surface” will. be sampled 
just prior to final laydown. 

(b) Types 1, 2, and 3, Class A aggregate base courses 
will be sampled from the roadbed directly behind the lay- 
down machine and prior to the first pass of the roller. 

(c) Aggregate for cement or lime treated bases will be 
sampled as follows: 

_ 1. Where the material is being mixed at a stationary 
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plant, samples will be taken from the conveyors just prior 
to delivery to the mixer and prior to adding lime and 
cement. 

2. Where material is being mixed on the roadbed, 
samples will be taken after the material has been placed on 
the roadbed and processed and prior to adding cement or 
lime. 

(d) Aggregates for roadmix bituminous mixtures (includ- 
ing base or surface) will be sampled after the material has 
been placed on the roadbed and processed and prior to 
adding the bituminous binder. 

(e) Aggregate for plantmix bituminous open-graded will 
be sampled from the laydown machine. 

(f) Aggregate for screenings will be sampled from the 
loaded truck just prior to placing. 

(g) Aggregate for plantmix bituminous mixtures (base or 
surface) will be sampled for acceptance behind the paver. 
Samples for plasticity tests will be taken at the bins. 

(h) Sampling of bituminous materials, intended for use 

in prime, tack or seal coats, surface treatments, and base, 
binder, or surface course mixtures, shall be done after the 
bituminous material has arrived at job destination and 
before, or at the time of unloading the materials. 

Two samples shall be taken from each railroad tank car 
or truck transport of material by the Contractor or his des- 
ignated representative under the observation of and in a 
manner approved by the Engineer. Where delivery is made 
in smaller hauling units than those cited above such as a 
distributor, or where the contents of a storage tank are 
sampled, the required two samples shall.be taken to repre- 
sent a maximum of ten thousand (10,000) gallons. The 
Contractor shall take the samples during the established job 
working hours, unless arrangements are made for a repre- 
sentative of the Department to witness the taking of the 
samples at another time. 

Sampling shall be done by one of the following three 
methods: 

1. In accordance with the provisions of Test Method 
No. Nev. T723; . 

2. By bleeding through a drain-cock in the transfer 
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line during the unloading of the approximate middle third 

of the load; or 
3. By means of a sampling device inserted to a level 

of approximately the middle third of the load or tank. 
The selection of the method of sampling to be used shall 

be at the option of the Contractor. Where sampling is done 
by bleeding, five (5) to ten (10) minutes shall elapse 

between the separate samplings. 
It shall be understood and agreed that samples obtained 

by any one of the above designated methods are presented 
and accepted by the Contractor, and accepted by the Eng!- 
neer, as being truly representative of the material delivered 
for incorporation in the work. 

All sampling devices and sample containers will be fur- 
nished by the Department. Immediately after filling the 
sample container, it shall be tightly sealed, properly marked 
for identification, and presented to the Engineer. 

One of the two samples, taken from each load, shall be 
submitted to the Department’s laboratory for testing and 
the other sample retained by the Resident Engineer to be 
later submitted to the laboratory for confirming tests in the 
event the first sample tested should fail to comply with 
requirements. If the first sample tested complies with 
requirements, the second sample may be discarded. 

Where less than eighty (80) percent of the asphalt deliv- 
eries are used on the project, samples shall be taken just 
prior to delivery to the mixer. Samples shall be taken for 
every twenty-five (25) tons of asphalt delivered to the proj- 
ect. 

(i) Tests for the aforementioned materials produced 
under conditions other than contemplated herein shall be 
taken at the time and place deemed by the Engineer to be 
most appropriate. 

106.05 Certificates of Compliance. The Engineer 
may permit the use of certain materials or assemblies prior 
to sampling and testing if accompanied by a Certificate of 
Compliance stating that the materials involved comply in 
all respects with the requirements of the specifications. The 
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certificates shall be signed by the manufacturer of the mate- 
rial or the manufacturer of assembled materials. A Certifi- 
cate of Compliance must be furnished with each lot of 
material delivered to the work and the lot so certified must 
be clearly identified in the certificate. 

All materials used on the basis of a Certificate of Com- 
pliance may be sampled and tested at any time. The fact 
that material is used on the basis of a Certificate of Com- 
pliance shall not relieve the Contractor of responsibility for 
incorporating material in the work which conforms to the 
requirements of the plans and specifications and any such 
material not conforming to such requirements will be sub- 
ject to rejection whether in place or not. 

The Department reserves the right to refuse to permit 
the use of material on the basis of a Certificate of Compli- 
ance. 

The form of the Certificate of Compliance and its dispo- 
sition shall be as directed by the Engineer. 

106.06 Cited Specifications. Unless otherwise speci- 
fied, all tests shall be performed in accordance with the 
methods used by the Department of Highways. All tests 
that are performed shall be made by the Engineer or his 
designated representative. 

The Department of Highways has developed test meth- 
ods for testing the quality of materials and work. These test 
methods are identified by the prefix Nev. followed by the 
serial number. Copies of individual test methods are avail- 
able at the Materials and Research Division, Department of 
Highways, Carson City, Nevada, and will be furnished to 

interested persons upon request. 
Whenever a reference is made in the specifications to a 

test method by Nev. number, it shall mean the test method 
in effect on the date of the advertisement for bid. 

Whenever a reference is made in the specifications to a 
specification or test designation either of the American 
Society for Testing and Materials, the American Associa- 
tion of State Highway Officials, federal specifications, or 
any other recognized national organization and the number 

57 



106 é CONTROL OF MATERIAL 

or other identification accompanying the test designation 
representing the year of adoption or latest revision of the ~ 
test is omitted, it shall mean the test method in effect on the 
date of the advertisement for bid. 

When requested by the Engineer, the Contractor shall 
furnish, without charge, samples of all materials entering 
into the work, and no material shall be used prior to 
approval by the Engineer, except as provided in subsection 
106.05, “Certificates of Compliance.” Samples of material 
from local sources shall be taken by or in the presence of 
the Engineer; otherwise, the samples will not be considered 
for testing. 

106.07 Plant Inspection. The Engineer may inspect 
the production of material or the manufacture of products 
at the source of supply. Plant inspection, however, will not 
be undertaken until the Engineer is assured of the coopera- 
tion and assistance of both the Contractor and the material 
producer. The Engineer or his authorized representative 
shall have free entry at all times to such parts of the plant 
as concerns the manufacture or production of the materials. 
Adequate facilities shall be furnished free of charge to 
make the necessary inspection. 

It is understood that the Department reserves the right 
to retest all materials prior to incorporation into the work 
which have been tested and accepted at the source of sup- 
ply after the same have been delivered and to reject all 
materials which, when retested, do not meet the require- 
ments of these specifications, or the requirements of the 
contract documents. 

106.08 Storage of Materials. Materials shall be so 
stored as to assure the preservation of their quality and fit- 
ness for the work. When considered necessary by the Engi- 
neer, they shall be stored in waterproof buildings, placed 
on wooden platforms or other hard, clean surfaces, and not 
on the ground, and shall be covered when directed. Stored 
materials, even though approved for use before storage, 
may be inspected prior to their use in the work, and they 
shall meet the requirements of the specifications at the time 
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of this proposed use. Stored materials shall be located so 
as to facilitate their prompt inspection. Upon arrival of the 
Engineer, that portion of the right of way not required for 
public travel may be used for storage purposes and for 
placing of the Contractor’s plant and equipment, but any 
additional space required therefor must be provided by the 
Contractor at his expense. Private or public property shall 
not be used for storage purposes without written permission 
of the owner or lessee. All storage sites shall be restored to 
their original condition by the Contractor at his expense. 
This shall not apply to the stripping and storing of top soil 
or to other material salvaged from the work or specifically 
prescribed under the specifications. 

106.09 Handling Materials. All materials shall be 
handled in such manner as to preserve their quality and fit- 
ness for the work. Aggregates shall be transported from the 
storage site to the work in tight vehicles so constructed as 
to prevent loss or segregation of materials after loading and 
measuring in order that there may be no inconsistencies in 
the quantities of materials intended for incorporation in the 
work as loaded, and the quantities as actually received at 
the place of operation. 

106.10 Unacceptable Materials. All materials not 
substantially conforming to the requirements of the specifi- 
cations at the time they are used shall be considered as 
unacceptable and all such materials will be rejected and 
shall be removed immediately from the site of the work 
unless otherwise instructed by the Engineer. No rejected 
material, the defects of which have been corrected, shall be 
used until approval has been given by the Engineer. 

106.11 Department Furnished Material. The Con- 
tractor shall furnish all materials required to complete the 
work, except those specified to be furnished by the Depart- 
ment. Material furnished by the Department will be deliv- 
ered or made available to the Contractor at the points 
specified in the special provisions. 

The cost of handling and placing all materials after they 
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are delivered to the Contractor shall be considered as 
included in the contract price for the item in connection 
with which they are used. 

The Contractor will be held responsible for all material 
delivered to him, and deductions will be made from any 
money due him to make good any shortages and deficien- 
cies, from any cause whatsoever, and for any damage which 
may occur after such delivery and for any demurrage 
charges. 
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SECTION 107 

LEGAL RELATIONS AND RESPONSIBILITY 

TO THE PUBLIC 

107.01 Laws To Be Observed. The Contractor shall 
keep fully informed of all Federal and State laws, all local 
bylaws, ordinances, and regulations, and all orders and 
decrees of bodies or tribunals having jurisdiction or author- 
ity, which in any manner affect those engaged or employed 
on the work, or which in any way affect the conduct of the 
work. He shall at all times observe and comply with all 
such laws, bylaws, ordinances, regulations, orders, and 
decrees, and shall protect and indemnify the State and its 
representatives against any claim or liability arising from or 
based on the violation of any such laws, bylaws, ordinances, 
regulations, orders, or decrees, whether by himself or his 
employees. 

107.02 Permits, Licenses, and Taxes. The Contractor 
shall procure all permits and licenses, pay all charges and 
fees, and give all notices necessary and incident to the due 
and lawful prosecution of the work, including vehicular 
registration or prorate registration and carrier licensing as 
applicable. Privilege taxes are in addition to the above fees. 
Contractors having vehicles not licensed or registered in 
Nevada shall contact the Motor Carrier Division of the 
Motor Vehicle Department, Carson City, Nevada, for full 
information. 

107.03 Patented Devices, Materials, and Processes. 
If the Contractor employs any design, device, material, or 
process covered by letters of patent or copyright, he shall 
provide for such use by suitable legal agreement with the 
patentee or owner. The Contractor and the surety shall 
indemnify and save harmless the State, any affected third 
party, or political subdivision from any and all claims for 
infringement by reason of the use of any such patented 
design, device, material, or process, or any trademark or 
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copyright, and shall indemnify the State for any costs, 
expenses, and damages which it may be obliged to pay by 
reason of any infringement, at any time during the prosecu- 
tion or after the completion of the work. 

107.04 Restoration of Surfaces Opened by Permit. 
The right to construct or reconstruct any utility service in 
the highway or street, or to grant permits for same, at any 
time, is hereby expressly reserved by the Department for 
the proper authorities of the municipality or other political 
subdivision in which the work is done and the Contractor 
shall not be entitled to any damages either for the digging 
up of the street or for any delay occasioned thereby. 

Any individual, firm, or corporation wishing to make an 
opening in the highway must secure a permit from the 
Department. The Contractor shall allow parties bearing 
such permits, and only those parties, to make openings in 
the highways. The Contractor shall, when ordered by the 
Engineer, make in an acceptable manner, all necessary 
repairs due to such openings, and such necessary work will 
be paid for as extra work, or as provided in these specifica- 
tions, and will be subject to the same conditions as original 
work performed. 

107.05 Federal Aid Provisions. (a) Work Subject to 
Inspection and Approval of Federal Agency. When the 
United States Government pays all or any portion of the 
cost of the work, the Federal laws authorizing such partici- 
pation and the rules and regulations made pursuant to such 
laws, must be observed by the Contractor. The work shall 
be subject to the inspection of the authorized representa- 
tives of such Federal agencies as are created for the admin- 
istration of these laws, but such inspection will in no sense 
make the Federal Government a party to the contract and 
will in no way interfere with the right of either party here- 
under. 

(b) Fair Labor Standards Act. The attention of bidders 
is directed to the fact that this Department has been advised 
by the Wage and Hour Division, U.S. Department of 
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Labor, that contractors or subcontractors engaged in high- 
way construction work are required to meet the provisions 
of the Fair Labor Standards Act of 1938 (52 Stat. 1060) or 
as amended. 

107.06 Sanitary Provisions. The Contractor shall 
provide and maintain in a neat, sanitary condition, such 
accommodations for the use of his employees as may be 
necessary to comply with the requirements and regulations 
of the State Division of Health and of other bodies or 
tribunals having jurisdiction thereover. He shall commit no 
public nuisance. 

107.07 Public Convenience and Safety. The Con- 
tractor shall at all times conduct the work in such a manner 
as will obstruct and inconvenience traffic as little as possi- 
ble. The Contractor shall keep existing travel roads and 
streets adjacent to or within the limits of the improvement, 
open to and in a good, dust free and safe condition for 
traffic at all times. Attention is directed to subsection 
107.21, “Dust Control.” The Contractor shall maintain 
said roads and streets to the extent that he shall be respon- 
sible for the removal of any material or debris resulting 
from or caused by his operations and shall repair any dam- 
age which may result from his operations. For those roads 
and streets actually under physical improvement, attention 
is directed to subsection 104.04, “Maintenance of Traffic.” 
Where grading operations are on or adjacent to the exist- 
ing traveled way, the grade should be finished immediately 
after the rough grading is completed and the surfacing 
material shall be placed thereon as the work progresses. 
The Contractor shall so conduct his operations as to have 
under construction no greater length or amount of work 
than he can prosecute vigorously and he shall not open up 
sections of the work and leave them unfinished, but he 
shall finish the work as he goes insofar as practicable. 

The Contractor shall perform his work in a manner to 
assure full compliance with all applicable Federal, State, 
and local laws and regulations governing safety, health, and 
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sanitation. He shall provide adequate safeguards, safety 
devices, and protective equipment such as are specified in 
other sections of these Standard Specifications or other 
documents and take any other needed actions as the Engi- 
neer may determine reasonably necessary to protect the life 
and health of employees on the job and the safety of the 
public and to protect property in connection with the per- 
formance of the work covered by the contract. 

The Contractor shall at all times during the progress of 
the work or temporary suspension of the work, provide, 
erect, and maintain all necessary barricades, suitable and 
sufficient red lights, danger signals, temporary striping and 
signs, provide a sufficient number of flagmen and take all 
necessary precautions for the protection of the work and 
safety of the public, and those engaged on the work. All 
barricades and obstructions shall be illuminated at night 
with reflectorized signs and lights, and all lights for this 
purpose shall be kept burning from sunset to sunrise. All 
barricades, warning signs, lights, temporary signals and 
other protective devices must conform with the MUTCD 
Manual. 

107.08 Relations with Railroads. (a) Definitions. 
The following definitions shall apply to the terms as herein 
used. Railroad: The railway or railroad company whose 
tracks are crossed or whose property is adjacent to the 
work or upon whose property the work is performed. Chief 
Engineer: The Chief Engineer of the railroad or his author- 
ized representatives. Railroad Crossing: A crossing at grade 
of the tracks of a railroad and the highway. Grade Separa- 
tion: A permanent structure to affect the separation of 
grades between the highway and the railroad. 

(b) Work or Operations. 

1. Work or operations on grade separations, railroad 
crossings, or upon railroad property shall be subject to 
inspection by the Chief Engineer, and shall be conducted 
and performed in a manner satisfactory to the Chief Engi- 
neer. 

2. Construction operations shall be so arranged and 
conducted as to insure safe and uninterrupted operation of 
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the railroad traffic. The Contractor shall be responsible for 
any damages which result either directly or indirectly from 
the Contractor’s operations. 

3. The Contractor shail notify the Chief Engineer in 
writing, at least forty-eight (48) hours before starting any 
work in the proximity of the tracks, setting forth specifi- 
cally the time at which it is planned to start such work. 

4. Unless otherwise provided, the Contractor shall 
not pile or store any material, or park or use Contractor’s 
equipment closer than ten (10) feet from the centerline of 

the tracks. 
5. The track zone shall be kept clean of all loose 

material or debris at all times. The Contractor shall be 
responsible for any fouling of railroad ballast resulting 
from sandblasting and painting operations and shall reim- 
burse the railroad for the replacement of all ballast so 
fouled. 

6. In advance of any blasting, the Contractor shall 
notify the Chief Engineer in order that proper flagging pro- 
tection may be provided by the railroad. Excavations in the 
proximity of the tracks shall be sheeted in a manner satis- 
factory to the Chief Engineer and plans therefor shall be 
submitted to and approved by him before any such excava- 
tion is commenced. 

7. The Contractor shall make arrangements with the 
railroad for crossing railroad tracks at locations other than 
existing public crossings and shall bear all costs relative 
thereto. 

8. The Contractor shall submit detail plans of false- 
work and of forms for track spans and piers or abutments 
to the Chief Engineer and no work thereon shall be com- 
menced unless and until such plans have been approved by 
the Chief Engineer. Falsework plans thus approved shall 
not be deviated from without permission of the Chief Engi- 
neer. The temporary vertical and horizontal clearances spec- 
ified by the Chief Engineer in approving the plans shall be 
maintained at all times. In the case of impaired vertical 
clearances above the top of rail, the railroad shall have the 
option to install telltales, or other such protective devices 
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the railroad deems necessary, for the protection of trainmen 
or rail traffic. 

9. The Contractor shall comply with the rules and 
regulations of the railroad with respect to the Contractor’s 
work or operations on or adjacent to railroad property. The 
Contractor shall arrange with the railroad for the services 
of such qualified railroad employees as the Chief Engineer 
may prescribe to protect and safeguard the railroad’s prop- 
erty, engines, trains, and cars. The costs incurred for the 
services of such railroad employees as may be prescribed 
by the Chief Engineer for necessary safeguard and protec- 
tion and the costs of installing telltales or other protective 
devices in the case of impaired vertical clearance, shall be 
borne by the Contractor without expense to the Depart- 
ment or railroad. Payment for such services, including com- 
pensation, insurance, vacation and holiday time, railroad 

retirement and unemployment taxes, health and welfare, 
accounting and billing charges, shall be paid by the Depart- 
ment directly to the railroad and the amount thereof shall 
be deducted by the Department from money due or which 
may become due the Contractor under the awarded con- 
tract. Rates of pay for qualified railroad employees will be 
the railroad’s rates for the various classes of labor custom- 
arily used and in effect at the time the work is performed. 
The Contractor’s reimbursement for personnel and protec- 
tive devices required as set forth herein shall be considered 
as included in the contract unit prices bid for other items of 
work. 

10. Upon completion of the work covered by the 
awarded contract to be performed by the Contractor upon 
railroad’s property, the Contractor shall promptly remove 
from the railroad’s property all tools, equipment, and other 
materials, whether brought upon said property by the Con- 
tractor or any subcontractor, and shall cause said property 
to be left in a clean and presentable condition. 

(c) Work or Operations Performed by Railroad. The 
railroad may undertake certain work or operations incident 
to the project which are the subject of an agreement 
between the Department and the railroad. Details of such 
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work or operations will be set forth in the special provi- 
sions and the Contractor shall discuss such items with the 
Chief Engineer in order to develop a plan whereby the 
Contractor and the railroad accomplish the work or opera- 
tions in their logical sequence and order. 

Movement or adjustment of telephone, telegraph, or sig- 
nal facilities owned, operated, or maintained by the rail- 
road and not otherwise provided for on the plans or in the 
special provisions shall be at the cost and expense of the 
Contractor. 

(d) Insurance. The Contractor shall provide and main- 

tain during the effective life of the awarded contract such 
special or additional insurance as is required by subsection 
107.11, “Responsibility for Damage Claims,” herein. The 
Contractor shall furnish such evidence as may be required 
that such insurance has been provided. 

(e) Qualification. As a prerequisite to award, the Con- 

tractor shall be satisfactory as to responsibility to perform 
work upon the railroad’s property. 

(f) Reference. The provisions of subsections 624.03.02, 

“Flagmen,” and 624.03.03, “Pilot Cars,” subsection 
107.11, “Responsibility for Damage Claims,” and the spe- 
cial provisions shall inure directly to the benefit of the rail- 
road. 

107.09 Liability Insurance. (a) Contractor’s Public 
Liability and Property Damage Liability Insurance. The 
Contractor shall provide and maintain during the effective 
life of the awarded contract, regular Contractor’s Public 
Liability and Property Damage Liability Insurance to pro- 
tect the Contractor and all of the Contractor’s construction 
subcontractors for claims for personal injury, accidental 
death, and to property, which may arise from operations 
under said contract, whether such operations be by the 
Contractor or by such subcontractor or by anyone directly 
or indirectly employed by either of them. 

Whenever construction operations covered under said 
contract are to be performed upon or in proximity to rail- 
road property, the Contractor’s Public Liability and Prop- 
erty Damage Insurance shall provide for limits of coverage 
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not less than specified in the Railroad Protective Insurance 
Endorsement appended to the special provisions. 

The Contractor shall furnish the Department with one 
(1) certified copy of all insurance required under this para- 
graph. The certified copy of the insurance policy(ies) to be 
furnished to the Department shall be sent directly to the 
State of Nevada, Department of Highways, 1263 South 
Stewart Street, Carson City, Nevada 89712, attention: 

Labor Compliance Officer. 

(b) Railroad’s Protective Public Liability and Property 
Damage Insurance. In all cases where construction opera- 
tions covered by the awarded contract are to be performed 
upon or adjacent to the property of the railroad, the Con- 
tractor shall furnish evidence to the Department that, with 
respect to the operations the Contractor or any of the Con- 
tractor’s subcontractors perform, the Contractor has pro- 
vided for and in favor of the railroad a policy of Public 
Liability and Property Damage Insurance, to which is 
attached an endorsement, in the same form and with the 
same limits of coverage as the Railroad Protective Insur- 
ance Endorsement appended to the special provisions. 

(c) General. The insurance required under paragraph 
(b) above shall apply only to that portion of the highway 
project upon or adjacent to the railroad property. 

Railroad’s Protective Public Liability and Property Dam- 
age Insurance shall be subject to approval by the railroad 
before any work is commenced on or adjacent to the rail- 
road property. 

Such insurance shall be carried, and the premiums there- 
for paid, by the Contractor until all work required to be 
performed under the terms of said contract is satisfactorily 
completed as evidenced by the formal acceptance of the 
Department and thereafter until all of said tools, equip- 
ment, and materials have been removed from the property 
of the railroad and such property left in a clean and pre- 
sentable condition. The insurance shall be noncancelable 
and nonalterable for any cause whatsoever (including fail- 
ure to pay premiums) either by the Contractor or by the 
insurance company without thirty (30) days’ written notice 
to the railroad and the Department. In the event such 
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insurance is canceled as herein provided, the Contractor 
shall provide other insurance, subject to the same condi- 
tions as provided herein, which shall be effective as of the 
day of such cancellation and cover the unexpired period 
of the term herein required. The Contractor shall furnish 
the Department at the time of execution of said contract, 
three (3) copies of each policy to which is attached an 
endorsement the same as the Railroad Protective Insurance 
Endorsement appended to the special provisions. Two (2) 
copies of each of such policies shall be forwarded by the 
Department to the Chief Engineer for the railroad’s 
approval. 

107.10 Explosives. When the use of explosives is 
necessary for the prosecution of the work, the Contractor 
shall exercise the utmost care not to endanger life or prop- 
erty, including new work. The Contractor shall be responsi- 
ble for all damage resulting from the use of explosives. 

All explosives shall be stored in a secure manner in com- 
pliance with all laws and ordinances, and all such storage 
places shall be clearly marked. Where no local laws or 
ordinances apply, storage shall be provided satisfactory to 
the Engineer and in general not closer than one thousand 
(1,000) feet from the road or from any building or camping 
area or place of human occupancy. 

The Contractor shall notify each public utility company 
having structures in proximity to the site of the work of his 
intention to use explosives. Such notice shall be given suf- 
ficiently in advance to enable the companies to take such 
steps as they may deem necessary to protect their property 
from injury. 

107.11 Responsibility for Damage Claims. The Con- 
tractor shall indemnify and save harmless the Department, 
its officers and employees, from all suits, actions, or claims 
of any character brought because of any injuries or damage 
received or sustained by any person, persons, or property 
on account of the operations of the said Contractor; or on 
account of or in consequence of any neglect in safeguarding 
the work; or through use of unacceptable materials in con- 
structing the work; or because of any claims or amount 
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recovered under the “Workman’s Compensation Act,” or 
any other law, ordinance, order, or decree; and so much of 

the money due the said Contractor under and by virtue of 
his contract as may be considered necessary by the Depart- 
ment for such purpose, may be retained for the use of State; 
or in case no money is due, his surety may be held until 
such suit or suits, action or actions, claim or claims for the 
injuries or damages as aforesaid shall have been settled and 
suitable evidence to that effect furnished to the Department; 
except that money due the Contractor will not be withheld 
when the Contractor produces satisfactory evidence that he 
is adequately protected by public liability and property 
damage insurance. 

Reimbursement to the Contractor by the State in whole 
or in part for costs of protecting traffic shall not serve to 
relieve the Contractor of his responsibility as set forth in 
these Standard Specifications. 

The Contractor guarantees the payment of all just claims 
for materials, supplies, and labor, and all other just claims 
against him or any subcontractor, in connection with this 
contract. 

107.12 Protection and Restoration of Property and 
Landscape. The Contractor shall be responsible for the 
preservation from injury or damage resulting directly or 
indirectly from the work under his contract of all public 
and private property, crops, trees, vegetation, monuments, 
fences, highway signs and markers, etc., along and adjacent 
to the highway, and shall use every precaution necessary 
to prevent damage to pipes, conduits, and other under- 
ground structures, to poles, wires, cables, and other over- 
head structures, whether shown on the plans or not, shall 

protect carefully from disturbance or damage all land mon- 
uments and property marks until the Engineer has wit- 
nessed or otherwise referenced their location, and shall not 

remove them until directed. The Contractor shall not will- 
fully or maliciously injure or destroy trees or shrubs and 
he shall not remove or cut them without proper authority. 

He shall be responsible for all damage or injury to prop- 
erty of any character during the prosecution of the work 
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resulting from any act, omission, neglect, or misconduct in 
his manner or method of executing said work, or at any 
time due to defective work or materials, and such responsi- 
bility shall not be released until the project shall have been 
completed and accepted. 

The Contractor shall be responsible for the preservation 
of archeological and paleontological objects, including all 
ruins, sites, buildings, artifacts, fossils, or other objects of 
antiquity encountered during construction. When such 
objects are encountered, the Contractor shall immediately 
cease operations and notify the Engineer that such objects 
exist. Construction operations shall be rescheduled to avoid 
the section until the removal of the artifacts or the gathering 
of historical data has been accomplished by the appropri- 
ate authority. When directed by the Engineer, the Contrac- 
tor shall excavate the site in such a manner as to preserve 
the artifacts encountered and shall remove them for deliv- 
ery to the custody of the proper authorities. Such excava- 
tion will be considered and paid for in accordance with 
subsection 104.03, ““Extra Work.” 

Extension of contract time will be allowed for any delay 
to the Contractor due to preservation of archeological and 
paleontological objects. 

When or where any direct or indirect damage or injury 
is done to public or private property by or on account of 
any act, omission, neglect or misconduct in the execution 

of the work, or in consequence of the nonexecution thereof 
on part of the Contractor, he shall restore at his expense 
such property to a condition similar or equal to that exist- 
ing before such damage or injury was done by repairing, 
rebuilding, or otherwise restoring as may be directed, or he 
shall make good such damage or injury in an acceptable 
manner. In case of failure on the part of the Contractor to 
restore such property or make good such damage or injury 
the Engineer may, upon forty-eight (48) hours’ written 
notice, proceed to repair, rebuild or otherwise restore such 
property as may be deemed necessary and the cost thereof 
shall be deducted from any money due, or which may 
become due the Contractor under the contract. 
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The Contractor shall restrict the movement of his vehi- 
cles and other construction equipment and personnel to the 
construction area and designated roads. Every precaution 
shall be taken to prevent the marking of the natural ground 
with equipment tracks or other means outside of the slope 
stake areas on either side of the roadway and in median 
areas where it is not required to disturb the existing 
ground. Where such markings of the natural ground are 
caused either by the Contractor’s equipment, personnel, or 
operations, the Contractor, at his own expense, shall eradi- 
cate such marks to the satisfaction of the Engineer. 

All roads from flat bottom ditches and material deposits 
shall be spaced at least one thousand (1,000) feet apart, 
except that such roads may also be located in ditch and 
dike areas. When roads are located in ditch and dike areas 
equipment shall not be allowed to travel outside the area 
to be occupied by said ditch or dike, except as provided for 
in subsection 203.03.12, “Channels.” The crossing of 
median areas shall be at structures or areas approved by 
the Engineer. 

Where there is a high potential for erosion and subse- 
quent water pollution, the area of erosive land that may be 
exposed by construction operations at any one time shall be 
held to a minimum, and the duration of the exposure of the 
uncompleted construction to the elements shall be as short 
as practicable. Erosion control features shall be constructed 
concurrently with other work and at the earliest practicable 
time. 

Disturbance of the lands and of waters that are outside 
the limits of the construction as staked is prohibited, except 

as may be found necessary and approved by the Engineer. 

107.13 Forest Protection. There shall be no open 
burning unless approval has been given in writing by the 

governing body and concurred in by the Engineer. Before 
setting any fires whatsoever, the Contractor shall notify the 
responsible Federal, State, or other agency having jurisdic- 
tion for the area concerned. All burning shall be done at 
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night unless otherwise authorized in writing by the Engi- 
neer. The Contractor shall abide by such rules and instruc- 
tions as to fire prevention and control and as to the place 
and method used for burning as the authorized representa- 
tive of the appropriate agency having jurisdiction may pre- 
scribe. The Contractor shall take all necessary steps to 
prevent his employees from setting fires not required in the 
construction of the project and shall, under the direction of 
the appropriate Federal, State, or other agency, or, in the 
absence of an officer from any such agency, acting inde- 
pendently, extinguish all fires set or caused by his employ- 
ees and all other fires which may escape on the project, 
whether or not set directly or indirectly as a result of con- 
struction operations, without expense to the State or Fed- 
eral Government. Where the Contractor is obligated to 
suppress any fire without expense to the State or Federal 
Government, and if the amount of labor, subsistence, sup- 
plies, and transportation which he furnishes is inadequate 
in the opinion of the jurisdictional agency, then such 
agency may procure additional help or facilities and charge 
the expenses to the Contractor. These expenses shall be 
billed to the Contractor for payment directly by him, and 
if not promptly met by him shall be deducted from the 
money due or which may become due the Contractor under 
this contract, or collected from his sureties until the entire 
amount due for said fire suppression is recovered. 

The Contractor shall maintain a fire patrol in the vicinity 
of blasting and other operations creating a fire hazard. 
When, in the opinion of the agency having jurisdiction, 
such a patrol is unnecessary because of weather conditions, 
the Contractor shall be so notified through the Engineer. 

The resident engineer shall have authority to enforce cor- 
rection of any condition which is, in his opinion, unsafe. 

107.14 Disposal of Material Outside Highway Right of 

Way. The Contractor shall make his own arrangements 
for disposal of materials outside the highway right of way 

and he shall pay all costs involved. 
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When any material is to be disposed of outside the high- 
way right of way, the Contractor shall first obtain a written 
permit from the property owner on whose property the dis- 
posal is to be made and he shall file with the Engineer said 
permit or the certified copy thereof together with a written 
release from the property owner absolving the State of any 
and all responsibility in connection with the disposal of 
material on said property. Before any material is disposed 
of on said property, the Contractor shall obtain written per- 
mission from the Engineer to dispose of the material at the 
location designated in the said permit. 

Such disposal sites will not be approved when located 
within one thousand (1,000) feet of a State highway right 
of way if the material placed thereon can be seen from said 
highway. 

When material is disposed of as above provided and the 
disposal location is visible from the highway, the Contrac- 
tor shall dispose of the material in a neat and uniform man- 
ner to the satisfaction of the Engineer. 

Unless otherwise provided in the special provisions, full 
compensation for all costs involved in disposing of material 
as specified in this section, including all costs of hauling, 
shall be considered as included in the price paid for the 
contract items of work involving such materials and no 
additional compensation will be allowed therefor. 

107.15 Relief from Maintenance and Responsibility. 
Upon the written request of the Contractor, or upon order 
of the Engineer, the Contractor may be relieved of the 
duty of maintaining and protecting certain portions of the 
work as described below, which have been completed in all 
respects in accordance with the requirements of the con- 
tract and to the satisfaction of the Engineer, and thereafter 
except with his consent, the Contractor will not be required 
to do further work thereon. In addition, such action by the 
Engineer will relieve the Contractor of responsibility for 
injury or damage to said completed portions of the work 
resulting from use by public traffic or from the action of 
the elements or from any other cause, but not from injury 
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or damage resulting from the Contractor’s own operations 
or from his negligence. 

Portions of the work for which the Contractor may be 
relieved of the duty of maintenance and protection as pro- 
vided in the above paragraph include but are not limited to 
the following: 

(a) The completion of one-fourth (44) mile of roadway 
or one-fourth (14) mile of one roadway of a divided high- 
way or a frontage road including the traveled way, shoul- 
ders, drainage control facilities, planned roadway protection 
work, lighting, and any required traffic control and access 
facilities. 

(b) A bridge or other structure of major importance. 
(c) A complete unit of a traffic control signal system or 

of a highway lighting system. 
(d) A complete unit of highway protection work. 
(e) Any required traffic control and access facilities if the 

roadway or structure is to be used by public traffic before 
completion of the contract. 

(f) Nonhighway facilities constructed for other agencies. 
However, nothing in this subsection providing for relief 

from maintenance and responsibility will be construed as 
relieving the Contractor of full responsibility for making 
good defective work or materials found at any time before 
the formal written acceptance of the entire contract by the 
Engineer. 

107.16 Contractor’s Responsibility for the Work and 
Materials. Until the acceptance of the contract, the Con- 
tractor shall have the charge and care of the work and of 
the materials to be used therein (including materials for 
which he has received partial payment as provided in sub- 
section 109.06, “Partial Payments,” or materials which 
have been furnished by the State) and shall bear the risk of 
injury, loss, or damage to any part thereof by the action of 
the elements or from any other cause, whether arising from 
the execution or from the nonexecution of the work, 
except as provided in subsection. 107.15, “Relief. from 
Maintenance and Responsibility.”” The Contractor shall 
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rebuild, repair, restore, and make good all injuries, losses, or 
damages to any portion of the work or the materials occa- 
sioned by any cause before its completion and acceptance 
and shall bear the expense thereof, except as otherwise 
expressly provided in subsection 203.03.10, “Slides and 
Slipouts,” and subsection 619.05.01, “Payment,” for 
Object Markers and Guide Posts, and except for such 
injuries, losses, or damages as are directly and approxi- 
mately caused by acts of the Federal Government or the 
public enemy. Where necessary to protect the work or 
materials from damage, the Contractor shall, at his expense, 
provide suitable drainage of the roadway and erect such 
temporary structures as are necessary to protect the work 
or materials from damage. The suspension of the work 
from any cause whatever shall not relieve the Contractor of 
his responsibility for the work and materials as herein spec- 
ified. If ordered by the Engineer, the Contractor shall, at 
his expense, properly store materials which have been par- 
tially paid for by the State or which have been furnished 
by the State. Such storage by the Contractor shall be on 
behalf of the State and the State shall at all times be entitled 
to the possession of such materials, and the Contractor 
shall promptly return the same to the site of the work when 
requested. The Contractor shall not dispose of any of the 
materials so stored except on written authorization from 
the Engineer. 

107.17 Contractor’s Responsibility for Utility Property 
and Service. At points where the Contractor’s operations 
are adjacent to properties of railroad, telegraph, telephone, 
and power companies, or are adjacent to other property, 
damage to which might result in considerable expense, loss, 
or inconvenience, work shall not be commenced until all 
arrangements necessary for the protection thereof have 
been made. 

The Contractor shall not begin any operations which 
may interfere with or impair the normal service being ren- 
dered by public or private utility operators, until such oper- 
ators have been notified, and shall cooperate with the 
owners of any underground or overhead utility lines in their 
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removal and rearrangement operations in order that these 
operations may progress in a reasonable manner, and that 
duplication of rearrangement work may be reduced to a 
minimum, and that services rendered by those parties will 
not be unnecessarily interrupted. The Contractor will be 
held responsible for the protection of the property of public 
or private utilities within the limits of the work. 

In general, the repair and adjustment of street structures 
such as pipe lines, services, telephone, telegraph, and elec- 
tric lines, above or below the ground, will be made by the 

owners thereof. When included in the proposal, the adjust- 
ment of sewer manhole frames and covers, inlets and catch 
basin frames and covers and the like, will be within the 
Contractor’s responsibility. The Contractor shall see that 
they are adjusted to conform to the lines, grades, and typi- 
cal cross sections as shown on the plans, or as prescribed, 

without respect to whether the repairs and the roughing-in 
work have been performed by the Contractor or others. 

Pipes or other construction shall be maintained in con- 
tinuous service as far as practicable and shall be properly 
protected and supported. In no case shall interruption of 
the water service be allowed to exist outside of working 
hours. 

Fire hydrants shall be accessible at all times to the fire 
department. No material or other obstruction shall be 
placed closer to a fire hydrant than permitted by ordi- 
nances, rules, or regulations, or within fifteen (15) feet of 
the fire hydrant in the absence of such ordinances, rules, or 

regulations. 
The Contractor shall give notice in writing to the proper 

authorities in charge of streets, gas, water pipes, electric 

and other conduits, railroads, poles, manholes, catch 
basins, and all other property that may be affected by the 
Contractor’s operations, at least forty-eight (48) hours 
before breaking ground. 

In the event of interruption to water or utility services 
as a result of accidental breakage, the Contractor shall 
promptly notify the proper authority. He shall cooperate 
with said authority in the restoration of service as promptly 
as possible. 
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Attention is directed to subsection 105.06, “Cooperation 
with Utilities.” 

107.18 Furnishing Right of Way. The Department 
will be responsible for the securing of all rights of way 
shown in the plans. Any exceptions will be indicated in the 
contract. 

107.19 Personal Liability of Public Officials. In car- 
rying out any of the provisions of these specifications or in 
exercising any power or authority granted to them by or 
within the scope of the contract, there shall be no liability 
upon the directors, Engineer, or their authorized represent- 
atives, either personally or as officials of the State, it being 
understood that in all such matters they act solely as agents 
and representatives of the State. 

107.20 No Waiver of Legal Rights. The Department 
shall not be precluded or estopped by any measurements, 
estimate, or certificate made either before or after the com- 
pletion and acceptance of the work and payment therefor, 
from showing the true amount and character of the work 
performed, and materials furnished by the Contractor, nor 
from showing that any such measurements, estimate, or 
certificate is untrue or is incorrectly made, nor that the 
work or materials do not in fact conform to the contract. 
The Department shall not be precluded or estopped, 
notwithstanding any such measurement, estimate, or certifi- 
cate, and payment in accordance therewith, from recover- 
ing from the Contractor or his sureties, or both, such 

damages as it may sustain by reason of his failure to com- 
ply with the terms of the contract. Neither the acceptance 
by the Department, or any representative of the Depart- 
ment, nor any payment for or acceptance of the whole or 
any part of the work, nor any extension of time, nor any 
possession taken by the Department, shall operate as a 
waiver of any portion of the contract or of any power 
herein reserved, or of any right to damages. A waiver of 
any breach of the contract shall not be held to be a waiver 
of any other or subsequent breach. 
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107.21 Dust Control. Dust originating from any 
traffic, any plant or construction operations either inside 
or outside the right of way shall be controlled at all times 
by the Contractor in accordance with Federal, State, and 
local laws, ordinances, and regulations at the sole expense 
of the Contractor. 
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SECTION 108 

PROSECUTION AND PROGRESS 

108.01 Subletting of Contract. The Contractor shall 
not sublet, sell, transfer, assign, or otherwise dispose of the 
contract or contracts or any portion thereof, or of his right, 
title, or interest therein, without prior written consent of 

the Engineer and of the surety. 
Requests for permission to sublet, assign, or otherwise 

dispose of any portion of the contract shall be in writing 
and accompanied by a letter showing that the organization 
which will perform the work is particularily experienced 
for such work. 

Consent to sublet, assign, or otherwise dispose of any 
portion of the contract shall not be construed to relieve the 
Contractor of his liability under the contract and bonds. 
The Contractor shall file with the Engineer within seven 
(7) days after making any subcontract, two (2) certified 
copies of such subcontract. In preparing such copies, the 
prices agreed upon for the work may be omitted. 

All subcontractors and assignees of the prime or general 
Contractor shall be required to comply with the provisions 
of NRS 408.910 in the same manner as the prime or gen- 
eral Contractor. 

Contract bid prices will prevail for purposes of comput- 
ing the monetary value of all subcontracts. 

The Contractor shall perform with his own organization, 
work amounting to not less than fifty (50) percent of the 
combined value of all items of the work covered by the 
contract except as follows: 

(a) Should the Contractor elect to furnish materials for 
work to be performed by an approved subcontractor, and 
the materials are not obtained from the same firm that is 
to perform the work of incorporating said materials into 
the project, the cost of said materials, when set forth in a 
written statement accompanying the subcontract agreement 

or contained therein, will be excluded from amounts appli- 
_ cable to the subcontracted percentage. 
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When a firm both sells materials to a Contractor and 
performs the work of incorporating the materials into the 
project, these two phases of work must necessarily be con- 
sidered in combination and, as in effect, constituting a 
single subcontract. 

(b) When performed by subcontract, any items that have 
been selected as “Specialty Items” for the contract will be 
excluded from amounts applicable to the subcontracted 
percentage. “Specialty Items” for the contract are listed as 
such in the special provisions. 

Roadside production of materials is construed to be the 
production of crushed stone, gravel, or other material with 
portable or semiportable crushing, screening, or washing 
plants, established or reopened in the vicinity of the work 
for the purpose of supplying materials to be incorporated 
into the work on a designated project or projects. Roadside 
production of materials shall be considered subcontracting 
if performed by other than the Contractor. 

The Department will not recognize any subcontractor on 
the work as a party to the contract. Nothing contained in 
any subcontract shall create any contractual relation 
between the subcontractor and the Department. The Con- 
tractor will be held solely responsible for the progress of 
the work in accordance with progress required. 

108.02 Notice to Proceed. An official Notice to Pro- 
ceed specifying the date by which construction operations 
shall be started will be issued to the Contractor by the 
Engineer. Work shall be commenced not later than the date 
set forth in the Notice to Proceed. The date set forth in the 
Notice to Proceed shall not be less than thirty (30) days 
after the Notice to Proceed is issued. Commencement of 
the work by the Contractor shall be deemed and taken as a 
waiver of such notice on his part, but in such case he shall 
notify the Engineer in writing at least forty-eight (48) hours 
in advance of the date on which he expects to begin work. 
In no case, however, shall the Contractor begin work prior 
to the date of approval of the contract. Contract time will 
begin on the date specified in the Notice to Proceed, unless 
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operations begin at an earlier date, in which case the date 
that such operations were begun will apply. 

108.03 Prosecution and Progress. When required by 
the Engineer, the Contractor shall furnish the Engineer 
with a “Progress Schedule” for his approval. The progress 
schedule may be used as the basis for establishing major 
construction operations and as a check on the progress of 
the work. The Contractor shall provide sufficient materials, 
equipment, and labor to guarantee the completion of the 
project in accordance with the plans and specifications 
within the time set forth in the special provisions. Should 
the prosecution of the work for any reason be discontinued, 
the Contractor shall notify the Engineer at least twenty- 
four (24) hours in advance of resuming operations. 

108.04 Limitation of Operations. The Contractor 
shall conduct the work at all times in such a manner and 
in such sequence as will assure the least interference with 
traffic. He shall have due regard to the location of detours 
and to the provisions for handling traffic. He shall not open 
up work to the prejudice or detriment of work already 
started. The Engineer may require the Contractor to finish 
a section on which the work is in progress before work is 
started on any additional sections if the opening of such 
section is essential to public convenience. 

No productive work will be required on Saturdays, Sun- 
days, or State recognized holidays. If, however, the Con- 
tractor elects to work on such days, those days worked will 
be charged as working days. The Contractor shall give the 
Engineer notice of his intention to work on the aforemen- 
tioned days at least forty-eight (48) hours in advance of 
such work. State recognized holidays are enumerated in 
subsection 101.25, “Holidays” of these specifications. 

The Engineer is authorized to notify the Contractor in 
writing and require the Contractor to cease construction 
operations the day before, during, and the day after said 
holidays, or at any other time if the Contractor’s opera- 
tions are of such nature, the project is so located, and 
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traffic is of such volume that it is deemed expedient to do 
SO. 

108.05 Character of Workmen; Methods and Equip- 
ment. The Contractor shall at all times employ sufficient 
labor and equipment for prosecuting the several classes of 
work to full completion in the manner and time required 
by these specifications. 

All workmen shall have sufficient skill and experience to 
perform properly the work assigned to them. Workmen 
engaged in special or skilled work shall have sufficient 
experience in such work and in the operation of the equip- 
ment required to perform all work properly and satisfac- 
torily. 

Any person employed by the Contractor or by any sub- 
contractor who, in the opinion of the Engineer, does not 
perform his work in a proper and skillful manner or is 
intemperate or disorderly, shall, at the written request of 

the Engineer, be removed forthwith by the Contractor or 
subcontractor employing such person, and shall not be 
employed again in any portion of the work without the 
approval of the Engineer. 

Should the Contractor fail to remove such person or per- 
sons as required above, or fail to furnish suitable and 
sufficient personnel for the proper prosecution of the work, 
the Engineer may suspend the work by written notice until 
such orders are complied with. 

All equipment which is proposed to be used on the work 
shall be of sufficient size and in such mechanical condition 
as to meet requirements of the work and to produce a satis- 
factory quality of work. Equipment used on any portion of 
the project shall be such that no injury to the roadway, 
adjacent property, or other highway will result from its 
use. 

When the methods and equipment to be used by the 
Contractor in accomplishing the construction are not pre- 
scribed in the contract, the Contractor is free to use any 
methods or equipment that he demonstrates to the satisfac- 
tion of the Engineer will accomplish the contract work in 
conformity with the requirements of the contract. 
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When the contract specifies that the construction be per- 
formed by the use of certain methods and equipment, such 
methods and equipment shall be used unless others are 
authorized by the Engineer. If the Contractor desires to use 
methods or types of equipment other than those specified 
in the contract, he may request authority from the Engineer 
to do so. The request shall be in writing and shall include a 
full description of the methods and equipment proposed to 
be used and an explanation of the reasons for desiring to 
make the change. If approval is given, it will be on the con- 
dition that the Contractor will be fully responsible for pro- 
ducing work in conformity with contract requirements. If, 
after trial use of the substituted methods or equipment, the 
Engineer determines that the work produced does not meet 
contract requirements, the Contractor shall discontinue the 
use of the substitute method or equipment and shall com- 
plete the remaining construction with the specified methods 
and equipment. The Contractor shall remove the deficient 
work and replace it with work of specified quality, or take 
such other corrective action as the Engineer may direct. No 
change will be made in basis of payment for the construc- 
tion items involved nor on contract time as a result of 
authorizing a change in methods or equipment under these 
provisions. 

108.06 Temporary Suspension of Work. The Engi- 
neer shall have the authority to suspend the work wholly or 
in part, for such period as he may deem necessary due to 
unsuitable weather, or to such other conditions as are con- 

sidered unfavorable for the suitable prosecution of the 
work, or for such time as he may deem necessary due to 
the failure on the part of the Contractor to carry out orders 
given, or to perform any provision of the contract. The 
Contractor shall immediately comply with the written order 
of the Engineer to suspend the work wholly or in part. The 
suspended work shall be resumed when conditions are fav- 
orable and methods are corrected, as ordered or approved 
in writing by the Engineer. 

In the event that a suspension of work is ordered as pro- 
vided above, and should such suspension be ordered by 
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reason of the failure of the Contractor to carry out orders 
or to perform any provision of the contract, or by reason of 
weather conditions being unsuitable for performing any 
item or items of work, which work, in the sole opinion of 
the Engineer, could have been performed prior to the 
occurrence of such unsuitable weather conditions had the 
Contractor diligently prosecuted the work when weather 
conditions were suitable, the Contractor, at his own 

expense, shall do all the work necessary to provide a safe, 
smooth and unobstructed passageway through construction 
for use by public traffic during the period of such suspen- 
sion as provided in subsection 107.07, “Public Convenience 
and Safety,” and as specified in the special provisions 
for the work. In the event that the Contractor fails to per- 
form the work above specified, the Department will per- 
form such work and the cost thereof will be deducted from 
money due or to become due the Contractor. 

In the event that a suspension of work is ordered by the 
Engineer due to unsuitable weather conditions, and in the 
sole. opinion of the Engineer, the Contractor has prose- 
cuted the work with energy and diligence prior to the time 
that operations were suspended, the cost of providing a 
smooth and unobstructed passageway through the work 
will be paid for as extra work as provided in subsection 
104.03, “Extra Work,” or at the option of the Engineer, 
such work will be performed by the Department at no cost 
to the Contractor. 

If the Engineer orders a suspension of all of the work or 
a portion of the work which is the current controlling oper- 
ation or operations, due to unsuitable weather or to such 
other conditions as are considered unfavorable to the suit- 
able prosecution of the work, the days on which the sus- 
pension is in effect shall not be considered working days as 
defined in subsection 101.63, “Working Day.” If a portion 
of work at the time of such suspension is not a current con- 
trolling operation or operations, but subsequently does 
become the current controlling operation or operations, the 
determination of working days will be made on the basis of 
the then current controlling operation or operations. 

If a suspension of work is ordered by the Engineer, due 
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to the failure on the part of the Contractor to carry out 
orders given or to perform any provision of the contract, 
the days on which the suspension order is in effect shall be 
considered working days if such days are working days 
within the meaning of the definition set forth in subsection 
101.63, “Working Day.” 

In the event of a suspension of work under any of the 
conditions set forth in this section, such suspension of 
work shall not relieve the Contractor of his responsibilities 
as set forth in Section 107, “Legal Relations and Respon- 
sibility to the Public.” 

108.07 Preconstruction Conference. After the con- 
tract has been awarded and prior to commencing work, 
the Engineer may designate a time and place satisfactory 
to the Contractor for a preconstruction conference. At such 
time the Engineer will outline detailed requirements to be 
followed in performance of the contract. 

108.08 Determination and Extension of Contract 
Time. The contract time for completion will be fixed by 
the Department, and will be stated in the special provi- 
sions, either as a calendar date or based on a number of 
working days. Attention is directed to subsection 101.63, 
“Working Day.” 

The Contractor shall perform the work in an acceptable 
manner within the time stated in the contract except that 
the contract time for completion may be adjusted as fol- 
lows: 

(a) If the satisfactory completion of the contract shall 
require performance of work in greater quantities than 
those set forth in the proposal, the time allowed for per- 
formance shall be increased in the same ratio as the final 
estimate bears to the original contract amount, except that 
the final monetary amount of any supplemental agreement 
or contract change order for which an extension of con- 
tract time was previously allowed shall be deducted from 
the final estimate prior to making the pro rata time adjust- 
ment. The final monetary amount of supplemental agree- 
ments or contract change orders for which an extension 
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of contract time has not been allowed will be included in 
the final estimate for making the pro rata time adjustment. 
The amount for asphalt cements and liquid asphalts will 
not be considered in the original or the final estimates 
for determining time extensions. 

(b) In case of suspension of major items of work by 
order of the Engineer and through no fault of the Con- 
tractor, the time for completion shall be extended an 
amount equal to the elapsed time between effective dates 
of order to suspend and order to resume. 

(c) When delays occur due to unforeseen causes beyond 
the control and without the fault or negligence of the Con- 
tractor, including, but not restricted to acts of God, acts 
of the public enemy, acts of government agency, fires, 
floods, epidemics, strikes, and freight embargoes, the time 

for completion shall be extended an amount determined by 
the Engineer to be equivalent to the delays; provided, 
however, written request for such extension of time is made 
by the Contractor within ten (10) calendar days after the 
beginning of such delay. No allowance shall be made for 
delay or suspension of the work due to fault of the Con- 
tractor. 

Certain critical materials such as steel, copper, alumi- 
num and bituminous products may be difficult to obtain 
due to a nationally recognized shortage or defense needs. 
The Contractor shall make every reasonable effort neces- 
sary to order and procure all such critical materials suffi- 
ciently in advance so as not to delay the completion of the 
project. Should a delay occur in obtaining critical mate- 
rials that were properly ordered by the Contractor, the 
time for completion of the contract may be extended an 
amount determined by the Engineer to be equivalent to 
the delay in project progress due to said delay in obtaining 
critical materials provided that: 

1. The delay in furnishing critical materials was due 
to defense needs or nationally recognized shortage. 

2. The Contractor furnishes evidence to the Engi- 
neer’s satisfaction that he had taken adequate steps for a 
guaranteed delivery date from his supplier. 
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3. That (1) is properly certified to by not less than 
three suppliers of the material or if three suppliers are not 
available, the Contractor shall so certify and supply certifi- 
cation from such suppliers as there are. 

4. That the Department does not find a source when 
notified of the shortage by the Contractor. 

5. That the Contractor obtains such material from 
the first source available after such certification. 

The contract time shall begin as set forth in subsection 
108.02, “Notice to Proceed.” When the final acceptance 

has been duly made by the Engineer as prescribed in sub- 
section 105.16, “Final Acceptance,” the daily time charge 
shall cease. 

The Department will waive such portions of the liqui- 
dated damages as may accrue after all work is completed, 
except “Final Clean-Up” and seeding deposit areas and 
haul roads. 

108.09 Failure to Complete the Work on Time. 
Time is an essential element of the contract and it is 
important that the work be pressed vigorously to comple- 
tion. The cost to the Department of the administration of 
the contract, including engineering, inspection, and super- 
vision, will be increased as the time occupied in the work 
is lengthened. The public is subject to detriment and incon- 
venience when full use cannot be made of an incomplete 
project. 

Should the Contractor fail to complete the work within 
the time agreed upon in the contract or within such extra 
time as may have been allowed by increases in the con- 
tract or by formally approved extensions granted by the 
Department, there shall be deducted from any money or 
amounts due or that may become due the Contractor, the 

sum set forth in the special provisions for each and every 
working day that the work shall remain uncompleted. This 
sum shall be considered and treated not as a penalty but 
as liquidated damages due the State from the Contractor by 
reason of inconvenience to the public, added cost of engi- 
neering and supervision and other items which have caused 
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an expenditure of public funds resulting from his failure 
to complete the work within the time specified in the 
contract. 

Permitting the Contractor to continue and finish the 
work or any part of it after the time fixed for its comple- 
tion, or after the date to which the time for completion 
may have been extended, will in no way operate as a 
waiver on the part of the Department of any of its rights 
under the contract. 

The Department will waive such portions of the liqui- 
dated damages as may accrue after all work is completed, 
except “Final Clean-Up” and seeding deposit areas and 
haul roads. 

108.10 Default and Termination of Contract. If the 
Contractor: 

(a) Fails to begin the work under the contract within the 
time specified in the Notice to Proceed, or 

(b) Fails to perform the work with sufficient workmen 
and equipment or with sufficient materials to assure the 
prompt completion of said work, or 

(c) Performs the work unsuitably or neglects or refuses 
to remove materials or to perform anew such work as may 
be rejected as unacceptable and unsuitable, or 

(d) Discontinues the prosecution of the work, or 
(e) Fails to resume work which has been discontinued 

within a reasonable time after notice to do so, or 
(f) Becomes insolvent or is declared bankrupt or com- 

mits any act of bankruptcy or insolvency, or 
(g) Allows any final judgment to stand against him 

unsatisfied for a period of five (5) days, or 
(h) Makes an assignment for the benefit of creditors, or 
(i) For any other cause whatsoever, fails to carry on the 

work in an acceptable manner, the Engineer will give 
notice in writing to the Contractor and his surety of such 
delay, neglect, or default. 

If the Contractor or surety, within a period of ten (10) 
days after such notice, shall not proceed in accordance 
therewith, then the Engineer shall have full power and 
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authority without violating the contract, to take the prose- 
cution of the work out of the hands of the Contractor. The 
Engineer may, at his option, call upon the surety to com- 
plete the work in accordance with the terms of the contract; 
or he may take over the work, including any or all mate- 
rials and equipment on the project as may be suitable 
and acceptable, and may complete the work by force 
account, or may enter into a new agreement for the com- 

pletion of said contract according to the terms and pro- 
visions thereof, or use such other methods as, in his 

opinion, will be required for the completion of said con- 
tract in an acceptable manner. 

All costs and charges incurred by the Department, 
together with the cost of completing the work under the 
contract, shall be deducted from any money due or which 

may become due said Contractor. In case the expense so 
incurred by the Department shall be less than the sum 
which would have been payable under the contract if it 
had been completed by said Contractor, then said Con- 
tractor shall be entitled to receive the difference, and in 
case such expense shall exceed the sum which would have 
been payable under the contract, then the Contractor and 
his surety shall be liable and shall pay to the State the 
amount of said excess. 

- 108.11 Termination of the Contractor’s Responsibility. 
Whenever the improvement contemplated and covered by 
the contract shall have been completely performed on the 

_ part of the Contractor and all parts of the work have been 
approved and accepted by the Engineer, according to the 
contract, and the final estimate paid, the Contractor’s obli- 

gations shall then be considered fulfilled, except as set forth 
in his contract bond and as provided in subsection 107.11, 
“Responsibility for Damage Claims.” 

108.12 Right of Way Delays. If, through the failure 
of the State to acquire or clear right of way, the Con- 
tractor sustains loss which could not have been avoided 
by the judicious handling of forces, equipment, and plant, 
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there shall be paid to the Contractor such amount as the 
Engineer may find to be a fair and reasonable compensa- 
tion for such part of the Contractor’s actual loss, as, in 
the opinion of the Engineer, was unavoidable, determined 
as follows: 

Compensation for idle time of equipment will be deter- 
mined in the same manner as determinations are made for 
equipment used in the performance of extra work paid for 
on a force account basis, as provided in subsection 109.03, 
“Extra and Force Account Work,” with the following 
exceptions: 

(a) The time for which such compensation will be paid 
will be the actual normal working time during which such 
delay condition exists, but in no case will exceed eight (8) 

hours in any one (1) day. 
(b) The days for which compensation will be paid will 

be the working days charged to the contract except that 
no compensation will be paid for Saturdays, Sundays, or 
holidays regardless of working days charged. 

Actual loss shall be understood to include no items of 
expense other than idle time of equipment and necessary 
payments for idle time of men, cost of extra moving of 
equipment, and cost of longer hauls. Compensation for idle 
time of equipment will be determined as provided in this 
subsection and compensation for idle time of men will be 
determined as provided in subsection 109.03, “Extra and 
Force Account Work,” and no markup will be added in 
either case for overhead and profit. 

If performance of the Contractor’s work is delayed as 
the result of the failure of the Department to acquire or 
clear right of way, an extension of time determined pur- 
suant to the provisions in subsection 108.08, “Determina- 
tion and Extension of Contract Time,” will be granted. 

108.13 National Emergency and Termination of Con- 
tract. The State may, by written notice, with the approval 
of the Federal Highway Administration where applicable, 
terminate the contract or a portion thereof when the Con- 
tractor is prevented from proceeding with the construction 
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contract as a direct result of an Executive Order of the 
President with respect to the prosecution of war or in the 
interest of national defense. 

When contracts, or any portion thereof, are terminated 
before completion of all items of work in the contract, pay- 
ment will be made for the actual number of units or items 
of work completed at the contract unit price, or as mutually 
agreed for items of work partially completed or not started. 
No claim for loss of anticipated profits shall be consid- 
ered. 

Reimbursement for organization of the work (when not 
otherwise included in the contract) and moving equipment 
to and from the job will be considered where the volume 
of work completed is too small to compensate the Con- 
tractor for these expenses under the contract unit prices, 
the intent being that an equitable settlement will be made 
with the Contractor. 

Acceptable materials, obtained by the Contractor for 
the work, that have been inspected, tested, and accepted 

by the Engineer, and that are not incorporated in the work 
may, at the option of the Engineer, be purchased from the 
Contractor at actual cost as shown by receipted bills and 
actual cost records at such points of delivery as may be 
designated by the Engineer. 

Termination of a contract or a portion thereof shall not 
relieve the Contractor of his responsibilities for the com- 
pleted work, nor shall it relieve his surety of its obligation 
for and concerning any just claims arising out of the work 
performed. 
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SECTION 109 

MEASUREMENT AND PAYMENT 

109.01 Measurement of Quantities. The measure- 

ment and determination of the number of units of each 
pay item will be made in general as prescribed hereinafter 
and specifically as set out under Method of Measurement 
and Basis of Payment in the specification of each pay item. 

After the items of work are completed and before final 
payment is made, the Engineer will determine the quan- 
tities of the various items of work performed as the basis 
for final settlement for all other than lump sum contracts. 
In the case of unit price items, the Contractor will be paid 
for the actual amount of work performed and materials 
used in accordance with these specifications, as shown by 
the final measurements, unless otherwise specified. 

Actual authorized quantities of work satisfactorily com- 
pleted under the contract, shall be measured by the Engi- 
neer in accordance with United States Standard Measures, 
and well recognized engineer practices. Unauthorized wast- 
ings of material will be deducted and only such quantities 
as are actually incorporated in the completed work will be 
included in the final estimate. 

Unless otherwise specified, longitudinal measurements 
for area computations will be made horizontally, and no 
deductions will be made for individual fixtures having an 
area of nine (9) square feet or less. Unless otherwise speci- 
fied, transverse measurements for area computation will 
be the neat dimensions shown on the plans or ordered in 
writing by the Engineer. 

In computing volumes of excavation, embankment, and 
borrow, the average end area method will be used unless 
otherwise specified. 

All items which are measured by the linear foot such as 
pipe culverts, underdrains, guardrails, etc., shall be meas- 
ured parallel to the base or foundation upon which such 
structures are placed, unless otherwise shown on the plans. 

The term “gage,” when used in connection with the 
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measurement of plates, shall mean the U.S. Standard Gauge. 
When reference is made, however, to the measurements of 
galvanized sheets used in the manufacture of corrugated 
metal pipe, metal plate pipe culverts and arches, and metal 
cribbing, the term “gage” shall mean that specified in 
the respective test designation for that material as described 
in the “materials” section of these specifications. 

When the term “gage” refers to the measurement of 
wire, it shall mean the wire gage specified in the 
AASHTO Designation: M32 for cold drawn steel wire 
for concrete reinforcement. 

When water meters are required, the accuracy of the 
meters shall be checked by comparing the actual weight of 
approximately 1,000 gallons, or 125 cubic feet, as metered 
with the calculated weight using as a reference density 
8.33 pounds per gallon or 62.4 pounds per cubic foot. 
Unless otherwise specified, water meters shall be accurate 
to within two (2) percent of the indicated amount. The 
frequency of checking water meters will be determined by 
the Engineer. 

The term ton shall mean the short ton consisting of two 
thousand (2,000) pounds avoirdupois. All materials which 
are specified for measurement by ton shall be weighed on 
accurate, approved scales set at locations designated by the 
Engineer. All materials shall be weighed on platform 
scales with the following exception: In lieu of platform 
scales, the Contractor may provide an automatic printer 
system which will print the weights of the material deliv- 
ered, provided the system is used in conjunction with an 
approved automatic batching control system. Such evi- 
dence shall be evidenced by a weigh ticket for each load. 
The Contractor shall have on hand not less than ten (10) 
fifty (50) pound standard weights for testing the scales. 

All scales shall be furnished by and at the expense of 
the Contractor and shall have a Certificate of Inspection 
by the Bureau of Weights and Measures. The scales shall 
be tested and inspected by the Bureau of Weights and 
Measures and a new inspection certificate required as 
often as the Engineer may deem necessary, and after each 
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scale move, in order to insure the accuracy of the scales. 
The cost of inspecting the scales shall be borne by the 
Department. 

Platform scales shall be of sufficient size and capacity 
to weigh, in one operation, the entire loaded vehicle. Com- 

bination vehicles may be weighed as separate units, pro- 
vided the connecting device between vehicles is so 
constructed that no weight other than that of the device 
itself is transmitted to either vehicle. When combination 
vehicles are used, approaches to and from the scale plat- 
form shall be level for sufficient distance to accommodate 
that portion of the combination vehicle that is off the 
scale platform. In instances where combination vehicles 
are weighed, the approaches to and from the scale plat- 
form must be level with the scale platform for a minimum 
distance of fifty (50) feet from each end of the scale plat- 
form. 

If combination vehicles are utilized, provisions must be 
made to insure that all braking devices are disengaged 
during weighing operations as insurance against stresses 
being transmitted between either vehicle. 

The scale pit must be of sufficient width to permit access 
to all scale components for purposes of inspection, repair, 
cleaning, and adjusting. 

Support members for platform scales shall consist of 
twelve by twelve inch (12” x 12”) or six by sixteen inch 
(6” x 16”) (minimum) timbers placed on a firm gravel 

foundation. Scales consisting of more than one section 
shall be supported with twelve by twelve inch (12” x 12”) 
or six by sixteen inch (6” x 16”) (minimum) timbers at 
each end of each section to avoid settlement of the scale 
platform. Concrete support members conforming to the 
minimum timber size requirements may be utilized in lieu 
of timber at the Contractor’s option. 

Platform scales shall be equipped with weatherproof 
housing so constructed as to protect the recording device 
and permit the weighmaster convenient access to all beams 
and dials. The housing shall not be less than six (6) feet 
wide, eight (8) feet long and seven (7) feet high, and shall 
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have two (2) windows, adjustable for ventilation, one (1) 
facing the scales, and shall be equipped with an adequate 
shelf suitable to the Engineer. The Contractor shall provide 
heat and electric lights when requested by the Engineer. 

Conveyor scales of an approved type may be used. The 
conveyor scales shall be furnished with one (1) master 
counter to run continuously and one (1) remote counter 
which will print the weight in individual loads, then reset 
to zero automatically. The remote unit shall be placed in a 
weatherproof house with two (2) windows. One (1) win- 
dow shall face the point of loading and the conveyor scales. 
This window shall also be equipped with a shelf two (2) 
feet wide and six (6) feet long. A controlled method of 
heating shall be supplied for cold weather operations. 

A locked door shall be provided on the access to the 
conveyor balances (where fine adjustment must be made), 
the key to be in the hands of the Engineer and to be 
opened only for maintenance and adjustment of conveyor 
scales to meet the accuracy of the platform scales. This 
door shall be locked at all other times during the opera- 
tion of the conveyor scales. 

If conveyor weighing equipment is used, the following 
procedures shall be followed: 

(a) The conveyor scales shall be calibrated against the 
platform scales, which must have a Certificate of Inspec- 
tion. 

(b) At the beginning and middle of each shift, or as 

requested by the Engineer, two consecutive loads of mate- 
rial weighed over the conveyor scales shall be reweighed 
on the platform scales. The total weight indicated by the 
conveyor scales on the two loads must check with the plat- 
form scale weight within one half (12) of one (1) percent. 
If the conveyor scales weigh out of this tolerance, all loads 
shall be weighed on the platform scales until the condition 
is rectified. 

(c) Consecutively numbered, individual weigh tickets 
must be used with conveyor scale weights stamped by the 
remote counter. 

Unless otherwise specified, materials shipped by rail 
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shall be weighed over the authorized project scales before 
incorporation into the work. 

Cement will be measured by the barrel or ton. The 
term “barrel” will mean three hundred seventy-six (376) 
pounds of cement. 

Timber will be measured by the thousand feet board 
measure (Mfbm) actually incorporated in the structure with 
no allowance for any waste except beveled ends. Measure- 
ment will be based on nominal widths and thicknesses, and 
the extreme length of each piece. 

When a complete structure or structural unit (in effect, 

“lump sum” work) is specified as the unit of measure- 
ment, the unit will be construed to include all necessary 
fittings and accessories. 

All materials for which measurements are obtained by 
the cubic yard “loose measurement” or “measured in the 
vehicle” shall be hauled in approved vehicles and meas- 

_ ured therein at the point of delivery. No allowance will be 
_ made for the settlement of material in transit. Vehicles for 

this purpose may be of any size or type acceptable to the 
Engineer, provided that the body is of such shape that the 
actual delivered contents may be readily and accurately 
determined and will remain constant. Unless all approved 
vehicles on the work are of uniform capacity, each vehicle 
must bear a plainly legible identification mark, indicating 
its specified approved capacity. All vehicles must be loaded 
to at least their water level capacity and all loads shall be 
leveled when the vehicles arrive at the point of delivery. 
Loads not hauled in approved vehicles or of a quantity 
less than the specific approved quantity for the hauling 
vehicle will be subject to rejection and no compensation 
will be allowed for the hauling of the material. 

The unit of measurement for liquid asphalts, asphaltic 
emulsions, and paving asphalts shall be a ton or gallon. 

Quantities of bituminous binders wasted or disposed of 
in a manner not called for under these specifications, or 
remaining on hand after completion of the work, will not 
be paid for. 
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When permitted by the Engineer, pay quantities of bitu- 
minous binder may be determined from volumetric meas- 
urements of the bituminous binder, in which case the 

bituminous binder shall be delivered in calibrated tanks 
and each tank shall be accompanied by its proper measur- 
ing stick and a calibration card signed by a sealer of 
weights and measures, and pay quantities shall be deter- 
mined in accordance with the following procedure. 

Volumetric measurements at any temperature shall be 
reduced to the volume the material would occupy at sixty 
(60) degrees Fahrenheit, before converting the volumetric 
measurements to weight. 

The following tables shall be used to convert volumes 
from gallons to weight. All types, SC, MC, and RC of the 
same grade, shall be considered to have equal weights and 
volume. 

Average Weights and Volumes of Liquid Asphalt 
Barrels Per Ton 

Grade of Liquid Gallons Per Ton at 60° F. (42 Pounds Per Gal. 
Asphalt at 60° F. U.S. Gals.) at 60° F. 

70 253 6.03 7.90 
250 249 5.93 8.03 

800 245 5.83 8.16 

3,000 241 5.74 8.30 

Average Weights and Volumes of Asphalt Cement 
Barrels Per Ton 

Gallons Per Ton at 60° F. (42 Pounds Per Gal. 
Grade at 60° F. USS. Gals.) at 60° F. 

AR—16,000 235 5.60 8.51 

AR— 8,000 235 5.60 8.51 

AR— 4,000 235 5.60 8.51 

AR— 2,000 og 5.64 8.44 
AR— 1,000 239 5.70 8.36 

Average Weights and Volumes of Asphaltic Emulsion 
Barrels Per Ton 

Type of Gallons Per Ton at 60° F. (42 Pounds Per Gal. 
Emulsion at 60° F. U.S. Gals. ) at 60° F. 

All grades 240 S71 8.33 

When converting the volume of liquid asphalt, asphalt 
cement, or asphaltic emulsion at any temperature to the vol- 
ume at sixty (60) degrees Fahrenheit a conversion factor for 
correlation shall be used. Said conversion factors shall be 
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those prescribed in “The Asphalt Institute (Pacific Coast 
Division)” publication of “‘Specification Tables and Uses,” 
dated February 1955, and revised January 1966. 

Rental of equipment will be measured by time within 
one-half (12) hour of actual working time and necessary 
traveling time of the equipment within the limits of the 
project. If equipment has been ordered on the job on a 
standby basis by the Engineer, half-time rates for the 
equipment will be paid. 

When special equipment has been ordered by the Engi- 
neer in connection with force account work, travel time 

and transportation to the project will be measured as 
hereinafter outlined. For the use of special equipment 
moved in on the work and used exclusively for extra work 
paid for on a force account basis, the Contractor will be 
paid the rental rates listed in the special provisions or 
determined as provided in subsection 109.03, “Extra and 
Force Account Work,” and for the cost of transporting the 
equipment to the location of the work and its return to 
its original location, all in accordance with the following 
provisions: 

(a) The original location of the equipment to be hauled 
to the location of the work shall be agreed to by the Engi- 
neer in advance. 

(b) The State will pay the costs of loading and unload- 
ing such equipment. 

(c) The cost of transporting equipment in low bed trail- 
ers shall not exceed the hourly rates charged by established 
haulers. 

| (d) The rental period shall begin at the time the equip- 
| ment is unloaded at the site of the extra work, shall include 

each day that the equipment is at the site of the extra 
_ work, excluding Saturdays, Sundays, and legal holidays 
| unless the extra work is performed on such days, and shall 
| terminate at the end of the day on which the Engineer 
| directs the Contractor to discontinue the use of such equip- 
_ ment. The rental time to be paid per day will be in accord- 
| ance with the following: 
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- Hours Equipment Is in Operation Hours To Be Paid 

0 4 
0.5 4.25 
1 4.5 
1.5 4.75 
2 5 
ape 5.25. 
3 ee) 
3.5 5.75 
4 6 

4.5 6.25 
5 6.5 
5,3 6.75 
6 7 
6.5 7.25 
7 TS. 

75 Lie 
8 8 

Over 8 Hours in operation 

When hourly rates are listed, less than thirty (30) 
minutes of operation shall be considered to be one-half 
(12) hour of operation. 
When daily rates are listed, payment for one-half (12) 

day will be made if the equipment is not used. If the equip- 
ment is used, payment will be made for one (1) day. 

(e) Should the Contractor desire the return of the 
equipment to a location other than its original location, 
the State will pay the cost of transportation in accordance 
with the above provisions, provided such payment shall 
not exceed the cost of moving the equipment to the work. 

_ (f) Payment for transporting and loading and unload- 
ing equipment as above provided will not be made if the 
equipment is used on the work in any other way than upon 
extra work paid for on a force account basis. 

' Material wasted or disposed of in a manner not called 
for under the contract, material not unloaded from the 
transporting vehicle, material placed outside of the limits 
indicated or given on the plans, or material remaining on 
hand after completion of the work will not be paid for 
except as otherwise provided. 

109.02 Scope of Payment. Unless otherwise pro- 
vided under “Basis of Payment,” payments to the Con- 
tractor will be made for the actual quantities of contract 
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items performed in accordance with the plans and specifi- 
cations, and if, upon completion of the construction, these 
actual quantities show either an increase or decrease from 
the quantities given in the bid schedule, the contract unit 
prices will still prevail, except as provided in subsection 
109.04, “Eliminated Items,” and 104.02, “Increased or 
Decreased Quantities and Change in Character of Work.” 

Except as provided in 107.16, “Contractor’s Responsi- 
bility for the Work and Materials,” the Contractor shall 
accept the compensation, as herein provided, in full pay- 
ment for the following: 

(a) The work complete, including all supervision, labor, 
material, tools, equipment, and incidentals necessary for 
all work contemplated and embraced under the contract; 

(b) Any loss or damage due to the nature of the work, 
the action of the elements, strikes or lockouts; 

(c) Accidents to employees or the public, or both; 

(d) Unforeseen difficulties or obstructions which may 
arise or be encountered during the prosecution of the 
work; 

(e) All risks whatsoever connected with the work under 
contract until it is accepted by the Engineer; 

(f) All expenses incurred by or in consequence of, the 
Suspension or discontinuance of the prosecution of the 
work as herein specified, and in completing the work and 
the whole thereof, including the carrying out of all the 
requirements of these “general requirements and cove- 
nants” in an acceptable manner according to the plans and 
specifications. 

If the “Basis of Payment” clause in the specifications 
relating to any unit price in the bid schedule requires that 
the said unit price cover and be considered compensation 
for certain work or material essential to the item, this same 
work or material will not also be measured or paid for 
under any other pay item except as provided for in sub- 
section 104.05, “Rights in and Use of Materials Found in 
the Work.” 

The payment of any partial estimate or of any retained 
percentage, except by and under the approved final esti- 
mate and voucher, in no way shall affect the obligation of 
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the Contractor to repair or renew any defective parts of 
the construction or to be responsible for all damages due 
to such defects. 

Those subsections containing pay items of bituminous 
materials are subject to the following requirements: 

It is agreed by the parties to the contract that (a) in 
case the bituminous material does not conform to the 
requirements set forth in Section 703, “Bituminous Mate- 
rials,” damage will be sustained by the Department, and 

that (b) it is extremely difficult to ascertain the actual 

damage which the Department will sustain; therefore, it 
is agreed the Contractor will pay to the Department as 
liquidated damages or the Department, at its option, may 
deduct from any money due or to become due the Con- 
tractor from the Department an amount set forth in the 
following schedule: 

Number of Demerits (From Section Liquidated Damage 
703, “Bituminous Materials’’ ) (per bid unit) 

1-2 $1.00 

3-5 2.00 

6—9 4.00 

10-14 8.00 

15—20* 16.00 

*Material shown by test to have 21 or more demerits shall be removed and 
replaced or, at the option of the Engineer, may be left in place. Payment for 
such material left in place will be assessed liquidated damages at $16.00 per 
ton. Material removed will not be paid for and the removal thereof will be at 
the Contractor’s expense. 

109.03 Extra and Force Account Work. Extra work 
shall be paid for in accordance with the accepted contract 
change order. Work specified in the order to be performed 
at agreed unit prices shall be paid for in the same manner 
as proposal items. 

When extra work paid for on a force account basis is 
performed by forces other than the Contractor’s organiza- 
tion, the Contractor shall reach agreement with such other 
forces as to the distribution of the payment made by the 
Department for such work. No additional payment there- 
for will be made by the Department by reason of the per- 
formance of the work by a subcontractor or other forces. 

1. Specialized Work: 
Whenever the Contractor is required to perform 
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minor, originally unanticipated work of a specialized 
nature (electrical, plumbing, landscaping, etc.,) for which 
he is not properly equipped, he may upon approval of the 
Engineer have the work performed by a local firm or spe- 
cialist who is proficient in the type of work to be per- 
formed. 

Payment for this work shall be the Contractor’s actual 
cost as evidenced by copies of invoices from the person or 
firm who performed the work. To the Contractor’s actual 
cost shall be added the sum of ten (10) percent for the 
Contractor’s profit and overhead with no further compen- 
sation therefore. 

2. Owner-Operators: 
Whenever the Contractor is authorized by the Engi- 

neer to utilize bona fide owner-operators on force account 
work, payment shali be at the lump sum rate shown on 
the Contractor’s payrolls which includes wages and equip- 
ment rental. To this lump sum rate shall be added the sum 
of ten (10) percent for the Contractor’s profit and over- 
head with no further compensation therefore. 

Work specified and performed on a force account basis 
shall be paid for as follows: 

(a) Labor. The Contractor will be paid the cost of 
labor for the workmen (including foremen when author- 
ized by the Engineer), used in the actual and direct per- 
formance of the work. The cost of labor, whether the 
employer is the Contractor, subcontractor, or other forces, 
will be the sum of the following: 

1. Actual Wages Plus Vacation Pay. The actual 
wages paid, plus vacation pay, which shall not include 
any employer payments to, or on behalf of, workmen for 
health and welfare, pension, and similar purposes. 

2. Labor Surcharge. To the actual wages, plus 
vacation pay, as defined above, will be added a labor sur- 
charge set forth in the special provisions, which labor sur- 
charge shall constitute full compensation for all payments 
imposed by State and Federal laws. 

3. Fringe Benefits. To the sum of paragraph 1, 
“Actual Wages Plus Vacation Pay,” and (a) above, shall 
be added all other payments made to or on behalf of the 

105 



109 MEASUREMENT AND PAYMENT 

workmen as required by collective bargaining agreements, 
or as otherwise provided in the special provisions. 

4. Subsistence and Travel Allowance. Subsistence 
and travel allowance paid to such workmen as required by 
collective bargaining agreements. 

To the total of the direct costs computed above, there 
will be added a markup of twenty (20) percent. 

(b) Materials. For materials accepted by the Engineer 
and used in the work the Contractor shall receive the 
actual cost of such materials, to which cost shall be added 
an amount equal to fifteen (15) percent of the sum thereof. 

(c) Equipment. For any machinery or special equip- 
ment (other than small tools), the use of which has been 
authorized by the Engineer, the Contractor will be paid 
for the use of equipment at the rental rates listed for such 
equipment in the State of Nevada, Department of High- 
ways publication entitled Equipment Rental Rates, which 
is a part of the contract, regardless of ownership and any 
rental or other agreement, if such may exist, for the use 
of such equipment entered into by the Contractor. If it is 
deemed necessary by the Engineer to use equipment not 
listed in the Department publication, a suitable rental rate 
for such equipment will be established by the Engineer. 
The Contractor may furnish any cost data which might 
assist the Engineer in the establishment of such rental rate. 
Except as provided in subsection 109.01, “Measurement 
of Quantities,” payment will be made for actual time that 
such equipment is in operation on the work, or for standby 
time, to which rental sum fifteen (15) percent shall be 
added. 

The rental rates paid as above provided shall include 
the cost of fuel, oil, lubrication, supplies, small tools, 
necessary attachments, repairs and maintenance of any 
kind, depreciation, storage, insurance and all incidentals. 

_ (d) Supervision and Tools. No additional allowance 
shall be made for general superintendents, the use of small 
tools or other costs for which no specified allowance is 
herein provided. — 

(e) Records. At the end of each day the Contractor’s 
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representative and the Engineer shall compare records of 
the cost of the work to be done as ordered on a force 
account basis. 

(f) Documentation. 

1. Labor. No payment will be made for labor 
performed on force account work until the Contractor 
shall furnish to the Engineer certified copies of payrolls 
covering that period when the force account work was per- 
formed. The payrolls shall indicate name, classification, 

dates, daily hours, and hourly rate for each workman. 
2. Materials. Copies of the suppliers’ invoices, 

including transportation charges, shall be furnished the 
Engineer. However, if materials used on the force account 

work are not specifically purchased for such work, but are 
taken from the Contractor’s stock, then in lieu of the 
invoices, the Contractor shall furnish an affidavit certifying 
that such materials were taken from his stock, that the 
quantity claimed was actually used, and that the price and 
transportation claimed represent the actual cost to the 
Contractor. 

109.04 Eliminated Items. Should any items con- 
tained in the proposal be found unnecessary for the proper 
completion of the work, the Engineer may, upon written 
order to the Contractor, eliminate such items from the 
contract, and such action shall in no way invalidate the 
contract. When a Contractor is notified of the elimination 
of items, he will be reimbursed for actual work done and 
all costs incurred, including mobilization of materials prior 
to said notification. 

109.05 Common Carrier Rate Adjustments. It is 
understood and agreed that the accepted proposal for the 
work is based on common carrier rates on file with the 
Interstate Commerce Commission, or with a corresponding 
intrastate commission or body and in effect on the date of 
opening of bids. Payments to the Contractor will be 
adjusted to compensate for increases and decreases in cost 
due to changes in common carrier rates becoming effective 
after the date of opening of proposals, and before the date 
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stipulated for the completion of the work, including author- 
ized extensions of time. Adjustments shall be limited to 
materials entering into and forming a part of the project 
and to an amount determined as follows: Adjustments shall 
be the product of the increase or decrease of said common 
carrier rates multiplied by the net quantity of material 
shipped at the new rates to the work, all as shown by the 
receipted common carrier bill. 

109.06 Partial Payment. Partial payments will be 
made once each month as the work satisfactorily pro- 
gresses. The progress estimates shall be based upon mate- 
rials in place, or on the jobsite and invoiced, and labor 
expended thereon. From the total of the amount ascer- 
tained will be deducted an amount equivalent to ten (10) 

percent of the whole, which ten (10) percent will be 
retained by the Department until after completion of the 
entire contract in an acceptable manner; and the balance 
or an amount equivalent to ninety (90) percent of the 
whole, plus all previous payments shall be certified for 
payment, provided that any time after fifty (50) percent 
of the work has been completed, the Engineer may, if he 
finds that satisfactory progress is being made, make any 
of the remaining partial payments in full, or as otherwise 
provided for in NRS 408.920. 

Control of retent funds under the contract: 
The Contractor is entitled to exercise the rights of 

deposit granted under NRS 408.920 of qualified securities 
of a market value equal to the funds held by the Depart- 
ment under the retent under the contract. 

As an alternative to the above if the Contractor so 
requests the Department agrees to deposit the funds 
accrued in the retent under the contract in a Nevada 
bank or other approved financial institution designated by 
the Contractor. The funds will be deposited in a “Time 
Deposit Open Account” in an account identified as Nevada 
Highway Department Retent Funds of Contract No. ........ 
(Applicable Contract Number). 

The Department shall remain in control of the deposit 
until final acceptance of the project with all right to the 
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retent as provided in the general provisions. The interest 
accruing to the deposit shall be for the benefit of the Con- 
tractor who may leave the interest on deposit in the 
account or be entitled to withdraw the interest only from 
the account. The interest accruing in the above-referenced 
deposit shall be income to the Contractor for income tax 
purposes. 

Administrative charges, if any, in connection with a 
requested deposit of the retent or a deposit by the Con- 
tractor of securities as provided by NRS 408.920 shall 
be borne by the Contractor and paid out of the interest 
accruing on the deposit or on the securities deposited. 

The above deposit will be closed out and forwarded to 
the Contractor when the Department has accepted the 
project and has determined that the contract should be 
finalized and final payment made. 

No such estimate or payments shall be required to be 
made, when, in the judgment of the Engineer, the work is 
not proceeding in accordance with the provisions of the 
contract, or when in his judgment the total value of the 
work done since last estimate amounts to less than five 
hundred (500) dollars. 

The cost of materials conforming to the plans and speci- 
fications (“materials” being those which are required to be 
contained and incorporated in a finished contract bid 
item) delivered to the project and not at the time incorpo- 
rated in the work, may also be included in the estimate for 
partial payment. 

No such estimate or payment shall be construed to be 
an acceptance of any defective work or improper material. 

The Contractor shall be responsible for, and shall not 
remove from the project any material that has been 
included in the estimate for payment. 

Partial payments may be made on “Local Materials” 
meeting the requirements hereinafter outlined: 

(a) Materials shall be stockpiled on or in the vicinity 
of the project (generally on land adjacent to the project). 

(b) All materials shall be stored in an approved manner 

in areas where damage from flood waters is not likely to 
occur. If at any time stored materials are lost or become 
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damaged by floods or in any other manner, the Contractor 
will be responsible for the repair and replacement of such 
damaged materials. If payment has been made prior to 
such damage, the amount so allowed, or a proportionate 
part thereof, shall be deducted from the next partial pay- 
ment and withheld until satisfactory repairs or replace- 
ments have been made. 

(c) Partial payments will be made only on materials 
that conform to plans and specifications (not to be con- 
strued as final acceptance). The quantities will be deter- 
mined by volume measurement and converted to tons 
if the contract unit price of the item is in tons. In the case 
of “Portland Cement Concrete Pavement,” the unit price 
will be converted to square yards per ton. However, par- 
tial payments shall not exceed the actual cost to the Con- 
tractor to produce the material. 

(d) No payment shall be made on any commercial 
stockpile or on any stockpile from which materials are 
being used for any purpose whatsoever other than incorpo- 
ration into the project. 

(e) Partial payment shall be made at the contract unit 
price for the percentage of material allowed. The quantity 
in stockpile, or windrow, to be considered shall not exceed 
that required for the project. 

(£) Schedule of Payments. 
1. Not more than forty (40) percent of the quan- 

tity of Class A and Class B Aggregate Base Courses in the 
stockpile may be allowed. Not more than eighty-five (85) 
percent of the quantity of Class B Aggregate Base Courses 
in the processed windrow on the roadway may be allowed. 

2. Not more than thirty (30) percent of the quan- 
tity of Cement Treated Base Aggregate (Roadmix or 
Plantmix) in the stockpile may be allowed. Not more than 
eighty-five (85) percent of the quantity of Cement Treated 
Base Roadmix in the processed windrow on the roadway 
(prior to adding cement) may be allowed. 

3. Not more than twenty (20) percent of the quan- 
tity of Plantmix Base, Surface, or Open-Graded Surface 
Aggregate in the stockpile may be allowed. 
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4. Not more than eighty-five (85) percent of the 
quantity of Roadmix Bituminous Surface Aggregate in the 
processed windrow on the roadway (prior to adding 
bituminous material) may be allowed. 

5. Not more than forty (40) percent of the quan- 
tity of screenings in the stockpile may be allowed. 

6. Not more than eighty-five (85) percent of the 
quantity of Selected Material Base, conforming to all the 
requirements, in windrow may be allowed. 

If materials are not specifically purchased for the work, 
but are taken from the Contractor’s stock, then in lieu of 

invoices, there shall be submitted to the Engineer, state- 
ments accompanied by an affidavit of the Contractor, certi- 
fying such materials were taken from his stock and the 
price and transportation claimed represent the actual cost 
to the Contractor. 

No partial payment will be made on living or perishable 
plant materials until planted. 

Unless otherwise specified, all material and work cov- 
ered by partial payments shall thereupon become the prop- 
erty of the State, but this provision shall not be construed 
as relieving the Contractor from the sole responsibility for 
all materials and work upon which payments have been 
made or the restoration of any damaged work, or as a 
waiver of the right of the Department to require the ful- 
fillment of all terms of the contract. 

Partial payments will be made on the items of “Con- 
struction Signs” and “Barricades” as hereinafter outlined: 

(a) Watering. No payment, partial or otherwise, will 
be made for the item of “Watering.” Full compensation 
for developing and maintaining an adequate water supply 
will be considered included in other items of work. 

(b) Construction Signs. When construction signs are 
placed on the project, in accordance with the plans and 
specifications, fifty (50) percent of the contract price per 
square foot of acceptable signs in place will be paid for 
on the next monthly estimate after placing. The remaining 
percent will be prorated in accordance with job progress. 
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However, if signing becomes inadequate for job require- 
ments, in the opinion of the Engineer, an adjustment down- 
ward shall be made on the first monthly estimate following 
such inadequacy. 

Once the inadequacies or deficiencies are corrected and 
the Engineer again resumes normal payment, prorated 
with progress, the amount of progress accomplished during 
the delinquent period will be permanently excluded from 
the factor used by the Engineer to determine the payment 
due. 

(c) Barricades. When barricades are placed on the 

project in accordance with the plans and specifications, 
fifty (50) percent of the contract bid price per linear foot 
or per each (as the case may be) of the barricades thus 
in use will be paid for on the next monthly estimate after 
placing. The remaining percent will be prorated in accord- 
ance with job progress. However, if barricades become 
inadequate for job requirements in the opinion of the Engi- 
neer, an adjustment downward shall be made on the first 
monthly estimate following such inadequacy. 

Partial payments will be made on the items of fence, 
guardrail, bridge rail, mobilization, signal systems and/or 
highway lighting systems, cattle guards and trenching for 
irrigation systems as hereinafter noted provided that mate- 
rials and equipment are supplied to the satisfaction of the 
Engineer: 

(a) Fence. When fencing material is stored on the 
project, invoice prices may be paid as outlined herein. 
When the fence posts have been placed, sixty (60) per- 
cent of the partially completed fence will be eligible for 
payment at the contract unit bid price. The remaining 
forty (40) percent will be eligible for payment when the 
item is complete. 

The cost of wire and posts conforming to the plans and 
specifications which are required to be contained and 
incorporated in a finished contract bid item delivered to 
the project and not at the time incorporated in the work, 
may be included in the estimate for partial payment. 

(b) Guardrail and Bridge Rail. When guardrail and 
bridge rail materials are stored on the project, invoice 

112 



MEASUREMENT AND PAYMENT 109 

prices may be paid as outlined herein. When guardrail and 
bridge rail are in place, but not painted, ninety (90) per- 
cent of the guardrail or bridge rail will be eligible for 
payment at the contract unit bid price. The remaining ten 
(10) percent will be eligible for payment when the item is 
complete. | 

When posts for guardrail or reconstruct guardrail are 
complete in place, fifty (50) percent of the contract bid 
price per foot will be eligible for payment. 

(c) Mobilization. Partial payments will be made in 
accordance with the following schedule: 

1. When five (5) percent of the original contract 
amount is earned, twenty-five (25) percent of the amount 
bid for mobilization, or two and one-half (212) percent of 

the original contract amount, whichever is lesser, will be 
allowed on the next monthly estimate. 

2. When ten (10) percent of the original contract 
amount is earned, fifty (50) percent of the amount bid for 
mobilization, or five (5) percent of the original contract 
amount, whichever is lesser, will be allowed on the next 
monthly estimate. 

3. When twenty-five (25) percent of the original 
contract amount is earned, sixty (60) percent of the 
amount bid for mobilization, or six (6) percent of the 

original contract amount, whichever is lesser, will be 
allowed on the next monthly estimate. 

4. When sixty-five (65) percent of the original 
contract amount is earned, ninety (90) percent of the 
amount bid for mobilization, or nine (9) percent of the 

original contract amount, whichever is lesser, will be 
allowed on the next monthly estimate. 

5. When eighty (80) percent of the original con- 
tract amount is earned, one hundred (100) percent of the 
amount bid for mobilization or ten (10) percent of the 
Original contract amount, whichever is lesser, will be 
allowed on the next monthly estimate. 

6. Upon completion of all work on the project, pay- 
ment of any amount bid for mobilization in excess of ten 
(10) percent of the original contract amount will be 
allowed on the next estimate. 
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(d) Signal Systems and/or Highway Lighting Systems. 
The cost of materials for luminaires, poles and mast arms, 
controllers and cabinets, signal heads and detector units, 
conforming to the plans and specifications (‘‘materials” 
being those which are required to be contained and incor- 
porated in a finished contract bid item) delivered to the 
project and not at the time incorporated in the work, may 
also be included in the estimate for partial payment. Other 
items will not be included for partial payment until incor- 
porated in the work. 

(e) Cattle Guards. The first monthly estimate after 
the cattle guard has been completed, but the wings not 
yet installed, will show this item ninety (90) percent com- 
plete. 

The remaining ten (10) percent shall be eligible for 
payment on the first monthly estimate after the wings 
have been installed. 

(f) Trenching for Irrigation Systems. When trenches 
for irrigation pipe distribution lines have been excavated 
and the pipe has been placed but not backfilled, seventy- 
five (75) percent of the partially completed irrigation pipe 
will be eligible for payment on the next monthly estimate 
at the contract unit price. Payment will be based on that 
length of the pipe partially complete. 

The remaining twenty-five (25) percent will be eligible 
for payment on the first monthly estimate following com- 
plete installation of the pipe. 

109.07 Acceptance and Final Payment. When the 
final inspection and final acceptance have been duly made 
by the Engineer, as provided in subsection 105.16, “Final 
Acceptance,” and subject to the terms of subsection 
108.09, “Failure to Complete the Work on Time,” the 

Engineer shall prepare the final estimate of the quantities 
of the various classes of work performed under the con- 
tract. The Contractor shall examine such estimate and 
notify the Engineer in writing of his agreement or file a 
specific claim covering disputed quantities. Failure on the 
part of the Contractor to so notify the Engineer or file a 
claim within a period of thirty (30) days after receipt of 
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the estimate shall be construed to signify the Contractor’s 
agreement to the quantities as set forth, and he shall have 
no further claim against the Department, except as indi- 
cated in the final estimate of quantities. Final payment 
shall be due and payable at the expiration of not less than 
thirty (30) calendar days nor more than sixty (60) cal- 
endar days from the date of final acceptance. 

Final acceptance of the work by the Engineer shall be 
withheld until the Contractor furnishes all certificates, 
guaranties, releases, affidavits, etc., required by these speci- 
fications or the special provisions. 

115 



Pad 4 

at) 

3 i, X 7 eet i dod saniga . 
te ve é 5 a hss Mba ~ 

Pay te dee ha chanat 
" b ¥ pi “ 

bi gh : ry. 

t “> ei 

VO, 
\ eee md 

(53.4 ore snag? 

3 

payment. on the first. mont astins ate after ‘the ES ~: | 

; partor : the Contractor: io 80 nodly the * E
ngine or : 

‘qegicgt snd gre Iga0ge: lar toa) 
‘ade jotta gah rd ao oF 13a. paBsigppan 

aplaabiiniee nip yaad Is IPOD ere Gi 
“ac, open} ved. baeinpes Lolo 2tivebitis 2deegio% 2oi0nte) 3 

fe) Cattle Guards, “SRI, inioaae, oi) seanonepas 

the cattle Buar 3 os been i cued, bit the wings & 

yet instalicd,; Wi fi! show his item ninety (90) 4 ercent ined 

wl ete 
picse. . ; ad s 

The remeiting ten (19) petcant shall Be “li gible fo 

heve been insteled, : 

(i) Treaching for Irrigation Systems, whes treneties 
*s ¢, 

for irtigation pipe distribution lines heave Been excavated 
and the pipe has been - wed But not hai «led, se venty- 

five (73) percent of the partiahy coprpiewee t irrigetion pipe i 

vill be eligible for pay sett ot the next mentialy. pay 2 

the contract unit price. Payment wilt Be bas od on t 

fength aif th ths PIPE rartia ity c aplete. ‘a i 

The remaining tweat ryndine 5) percent a be cide: 
for payin “at on the first monthly estimate following: oe 

ct? 
plete i nsial Maia tion, ari f i + DSP ; 

100.07 ecient and Kinat 2 ance - Whe 

“Bhat inspection and-final acceptance have been duly: 

by the Engineer, as Drovided iti Suse ction 408. 1, ra 

Acceptance,” and subject: to che terme: oF subsection 

‘70809, *F Paila eto & -omrph ete, the Nork on best 

Engineer shell prepare the final ¢ ~stincint 2 of, the quanti 
of the various ~tasses of work perfommedt leer th 

‘Araet, The Conteactor oshalt examine such) wi gey 
‘notify the Enginsor in writing 6 hia ngretetph Ge f 
specific claim covering diss vated quantitiog, F 

~ 

+> 

o) a ; 
+5 iy - 

j 

me ren) - é period of ehisty: etd day 4 after tec ein we 



SECTION 110 

WAGES AND CONDITIONS OF EMPLOYMENT 

110.01 Description. The provisions pertaining to 
wages and conditions of employment shall apply to all 
work performed (on the contract) by the Contractor with 
his own organization and with the assistance of workmen 
under his immediate superintendence, and to all work 
performed on the contract by subcontractors. 

The laborers shall have access to the pertinent minimum 
wage schedules at all times. The Contractor shall provide 
and erect a weatherproof bulletin board at the jobsite and 
post all minimum wage schedules and other required infor- 
mation thereon. The weatherproof bulletin board shall be 
_so constructed that the material thereon is adequately pro- 
tected from the elements. The cost of providing and erect- 
ing the weatherproof bulletin board shall not be measured 
or paid for directly but shall be considered as included 
in the contract bid price paid for other items of work. 

It is a condition of the contract, and shall be made a 
condition of each subcontract entered into pursuant to 
the contract, that the Contractor and any subcontractor 
shall not require any laborer or mechanic employed in per- 
formance of the contract to work in surroundings or under 
working conditions which are unsanitary, hazardous, or 
dangerous to his health or safety as determined under con- 
struction safety and health standards (Title 29, Code of 
Federal Regulations, Part 1926—published in the Federal 
Register on December 16, 1972, and subsequent revisions) 

promulgated by the United States Secretary of Labor, in 
accordance with Section 107 of the Contract Work Hours 
and Safety Standards Act (83 Stat. 96). 

110.02 Laws Cited. The Contractor’s attention is 
directed particularly to the provisions and requirements 
of the following: 

(a) Wages, Hours, and Employment on Public Works— 
Nevada Revised Statutes, Chapter 338. 
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(b) Nevada Industrial Insurance Act—Nevada Revised 
Statutes, Chapter 616. (The Contractor will be required 
to furnish a certificate from the Nevada Industrial Com- 
mission as evidence that he has paid all the premiums and 
percentages as required by the act, and said certificate 
shall be furnished the Engineer before any work is com- 
menced. ) 

(c) Unemployment Compensation Law—Nevada 
Revised Statutes, Chapter 612. 

(d) Highway Camp Sanitation—Nevada Revised Stat- 
utes, Secs. 444.130, 444.200, and 444.210. 

(e) Highways and Roads Law—Nevada Revised Stat- 
utes, Chapter 408. 

(f) Fair Labor Standards Act of 1938 (52 Stat. 1060). 
(g) Work Hours Act of 1962. 
(h) Any and all legislation, rules, or regulations pro- 

mulgated by the State of Nevada, or its agencies, covering 
any work performed by the Contractor. 

(i) Fraudulent and Discriminatory Employment Prac- 
tices—Nevada Revised Statutes, Chapter 613. 
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DIVISION II 

CONSTRUCTION DETAILS 

SECTION 201 

CLEARING AND GRUBBING 

DESCRIPTION 

201.01.01 General This work shall consist of clear- 
ing, grubbing, removing, and disposing of all vegetation 
and debris within the limits of construction, except such 
objects as are designated to remain or be removed in 
accordance with other sections of these specifications. This 
work shall also include the preservation from injury or 
defacement of all vegetation and objects designated to 
remain. 

CONSTRUCTION 

201.03.01 General. The Engineer will establish clear- 
ing limits and designate all trees, shrubs, plants, and other 
things to remain. Areas to be cleared will be as set forth 
in subsection 201.03.02, “Areas to be Cleared.” The Con- 

tractor shall preserve all things designated to remain. Paint 
required for cut or scarred surfaces of trees or shrubs 
selected for retention shall be an approved asphaltum base 
paint prepared especially for tree surgery. 

201.03.02 Areas to be Cleared. Areas to be cleared 
shall be one or more of the following: 

(a) The entire area upon which highway construction 
is to be performed to the width of the excavation and 
embankment slope lines, except where slopes are to be 
rounded, in which case the area shall extend to the outside 
limits of slope rounding, as detailed on standard drawing 
“Standard Slope Rounding and Warping.” 

(b) Flat bottom ditch and dike areas to the width of 
the slope lines. 

119 



201 CLEARING AND GRUBBING 

(c) Areas on which service highway or ramps, streets, 
approaches, and all other accessory roads and connections 
are to be constructed, such areas to extend to the width of 

the excavation and embankment slope lines. 
(d) Material sites and designated borrow pits. 
(e) Areas designated in the plans or special provisions. 

201.03.03 Clearing and Grubbing. All surface objects 
and all trees, stumps, roots, and other protruding obstruc- 

tions, designated for removal, shall be cleared or grubbed 

or both. Unless otherwise specified, the Contractor may 
leave stumps and nonperishable solid objects provided 
they do not extend more than six (6) inches above the 
ground line or low water level, and are a minimum of 
three (3) feet below subgrade or embankment slope. 

The Engineer may permit sound stumps to be cut off 
not more than six (6) inches above the ground and to be 
left outside of the construction limits of cut and embank- 
ment areas, except in the area to be rounded at the top 
of backslopes where stumps are to be cut off flush with or 
below the surface of the final slope line. 

Where feasible, trees shall be felled toward the center 

of the area to be cleared. Where trees cannot be felled 
without danger to traffic or injury to other trees, structures, 
or property, they shall be cut in sections from the top 
down. 

There shall be no open burning unless approval has 
been given in writing by the governing agencies and this 
approval concurred in by the Engineer. If perishable mate- 
rial is burned, it shall be burned under the constant care 
of competent watchmen at such times and in such a manner 
that anything designated to remain on the right of way, 
the surrounding forest cover, or other adjacent property 
will not be jeopardized. Burning shall be done in accord- 
ance with applicable laws, regulations and ordinances. 
Attention is directed to subsection 107.13, “Forest Pro- 
tection.” | 

When permitted by the Engineer, materials, debris and 
perishable materials may be removed from the right of 
way and disposed of at locations off the project outside the 
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limits of view from the project with the written permis- 
sion of the property owner on whose property the mate- 
rials and debris are placed. The Contractor shall make all 
necessary arrangements with property owners for obtain- 
ing suitable disposal locations and the cost involved shall 
be included in the unit price bid. Attention is directed to 
subsection 107.14, “Disposal of Material Outside Highway 
Right of Way.” 

Except in areas to be excavated, stump holes and other 
holes from which obstructions are removed shall be back- 
filled with suitable material and compacted in accordance 
with subsection 203.03.17, “Compaction, Dirt Embank- 
ment,” or 203.03.18, “Compaction, Rock Embankment,” 

if within the roadway prism. Payment for backfilling and 
compacting will be considered subsidiary to other items 
of the work and no further compensation will be made 
therefor. 

All merchantable timber in the clearing area shall 
become the property of the Contractor unless otherwise 
provided. Timber and debris may be stored or decked 
within the right of way only in areas approved by the 
Engineer and must be removed prior to final acceptance of 
the project. 

Low hanging branches and unsound or unsightly 
branches on trees or shrubs designated to remain shall be 
removed as directed. Branches of trees extending over 
the roadbed shall be trimmed to give a clear height of 
twenty (20) feet above the roadbed surface. All trimming 
shall be done by skilled workmen and in accordance with 
good tree surgery practices. 

Scalping shall include the removal of material such as 
brush, roots, sod, grass, residue of agricultural crops, saw- 
dust, and decayed vegetable matter from the surface of 
the ground. 

Unless otherwise permitted by the Engineer, the Con- 
tractor shall scalp areas where excavation or embankment 
is to be made, except that mowed sod need not be removed 
where the embankment to be constructed is four (4) feet 
or more in height to subgrade elevation. 
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METHOD OF MEASUREMENT 

201.04.01 Measurement. Measurement will be by 
one or more of the following alternate methods: 

(a) Area Basis. The work to be paid for will be the 
number of acres and fractions thereof acceptably cleared 
or grubbed or both within the limits staked for clearing 
and grubbing by the Engineer. Unless otherwise specified, 
material sites, borrow pits, and areas not shown on the 
plans or not staked for clearing and grubbing will not be 
measured for payment. 

(b) Lump Sum Basis. When the bid schedule con- 
tains a clearing and grubbing lump sum item, no measure- 
ment of area will be made. 

(c) Linear Basis. When a linear unit quantity is shown 
on the bid schedule, the length will be measured along 
the construction centerline in stations or miles. 

(d) Individual Unit Basis. 

1. The diameter of trees will be measured at a 
height of twenty-four (24) inches above the ground. Trees 
less than six (6) inches in diameter will be classed as 
brush. 

2. Stumps will be measured by individual count. 
All measurements will be made in accordance with 

subsection 109.01, ““Measurement of Quantities.” 

BASIS OF PAYMENT 

201.05.01 Payment. The accepted quantities of clear- 
ing and grubbing measured as provided in subsection 
201.04.01, “Measurement,” will be paid for at the con- 
tract prices as follows: 

(a) Area Basis. The quantities determined will be 
paid for at the contract unit price bid per acre respec- 
tively for each of the particular pay items listed that appear 
in the bid schedule. 

(b) Lump Sum Basis. When the bid schedule contains 
a lump sum item the contract lump sum price bid will be 
paid and shall be full compensation for the work. 
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CLEARING AND GRUBBING 201 

(c) Linear Basis. When linear quantities are shown in 
the bid schedule, the quantities will be paid at the contract 
unit price bid for this item. 

(d) Individual Unit Basis. When individual unit quan- 
tities are shown on the bid schedule, the accepted quan- 
tities will be paid for at the contract unit price bid for the 
respective items. 

Where trees are designated for removal on a unit “each” 
basis, payment therefor will be for their complete removal 
unless stumps are permitted to remain as set forth in sub- 
section 201.03.03, “Clearing and Grubbing.” 

(e) Exclusion. When the bid schedule does not contain 
an estimated quantity or a lump sum item for clearing and 
grubbing, the work will not be paid for directly, but will 
be considered as a subsidiary obligation of the Contractor 
under other contract items. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Clearing and Grubbing.................. Acre, Stations, Miles, Lump Sum 
COTE Pa RR PUES pier on Cole er oe Pas ee ae Each 
NU SOLULIYY NG eee tae ce ah ats Piet ba etapa CoRos ck gn nde ee Each 
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SECTION 202 

REMOVAL OF STRUCTURES AND 
OBSTRUCTIONS 

DESCRIPTION 

202.01.01, General. This work shall consist of the 
removal, wholly or in part, and satisfactory disposal of all 
buildings, fences, guardrail, structures, old pavement, 

abandoned pipe lines, and any other obstructions which 
are not designated or permitted to remain, except for the 
obstructions to be removed and disposed of under other 
items in the contract. It shall also include the salvaging of 
designated materials and backfilling the resulting trenches, 
holes, and pits. 

CONSTRUCTION 

202.03.01 General. The Contractor shall raze, 

remove and dispose of all buildings and foundations, struc- 
tures, guardrail, object markers and guide posts, fences, 
and other obstructions, any portions of which are on the 
right of way, except utilities and those for which other 
provisions have been made for removal. All designated 
salvable material shall be removed, without unnecessary 
damage, in sections or pieces which may be readily trans- 
ported, and shall be stored by the Contractor at specified 
places within the project limits. Unusable perishable mate- 
rial shall be destroyed. Nonperishable material may be 
disposed of in accordance with subsection 107.14, “Dis- 

posal of Material Outside Highway Right of Way.” Base- 
ments or cavities left by structure removal shall be filled 
to the level of the surrounding ground and, if within the 
prism of construction shall be compacted in accordance 
with subsections 203.03.17, “Compaction, Dirt Embank- 
ment,” or 203.03.18, “Compaction, Rock Embankment.” 

202.03.02 Removal. Bridges, culverts, and other 
drainage structures in use by traffic shall not be removed 
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202 REMOVAL OF STRUCTURES AND OBSTRUCTIONS 

until satisfactory arrangements have been made to accom- 
modate traffic. 

All operations necessary for the removal of any existing 
structure which might endanger the new construction shall 
be completed prior to the construction of the new work. 
No equipment or devices shall be used which might dam- 
age structures, facilities, or properties which are to be 
preserved and retained. 

Unless otherwise directed, the substructures of existing 
structures shall be removed down to the natural stream 
bottom and those parts outside of the stream shall be 
removed down one (1) foot below natural ground surface. 
Where such portions of existing structures lie wholly or in 
part within the limits for a new structure, they shall be 
removed as necessary to accommodate the construction of 
the proposed structure. 

Blasting or other operations necessary for the removal of 
an existing structure or obstruction, which may damage 
new construction, shall be completed prior to placing the 
new work. 

In removing concrete or bituminous pavement, curb, 

curb and gutter, sidewalk, and similar structures, where 

portions of the existing structures are to be left in the 
surface of the finished work, the structure shall be removed 

to an existing joint, or cut and chipped to a true line with 
a face perpendicular to the surface of the existing struc- 
ture. Sufficient removal shall be made to provide for 
proper grades and connections in the new work. 

In removing manholes, catch basins, and inlets, any 
live sewers connected to them shall be rebuilt and properly 
reconnected and a satisfactory bypass service shall be 
maintained during such construction operations. When 
abandoning manholes, catch basins, and inlets, they shall 

be thoroughly cleaned and existing pipe connections shall 
be plugged with concrete of the class and grade specified 
for structures. The portions of the structures shall then be 
removed to the required elevations. 

202.03.03 Extensions. Where existing culverts and 
bridges are to be extended or otherwise incorporated in 
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the new work, only such part or parts of the existing struc- 
ture shall be removed as is necessary to provide a proper 
connection to the new work. The connecting edges shall 
be cut, shaped, and trimmed to the required lines and 

grades without weakening or damaging the part of the 
structure to be retained. Reinforcing bars which are to be 
left in place so as to project into the new work as dowels 
or ties shall not be injured during removal of concrete. 

202.03.04 Closing Culverts. Existing culverts within 
construction limits, the top of which are five (5) feet or 
more below finished roadway grade, shall be abandoned 
and closed unless otherwise noted on the plans. The 
headwalls of such culverts, or any part of the structure that 
is within three (3) feet of the finished grade line, shall be 
removed. The ends of the culvert shall be completely filled 
with satisfactory soil for a distance of at least two (2) feet, 
plus the height of the opening of the structure. 

202.03.05 Salvage. When specified, gravel, roadmix, 

or plantmix surface suitable for reuse shall be removed to 
the depth required and surfacing so removed shall be 
carefully salvaged and placed in compact stockpiles at 
locations approved by the Engineer. Care shall be exer- 
cised to prevent contamination of stockpiled material. Any 
remaining unsuitable material shall be scarified and incor- 
porated in embankment as set forth in Section 203, “Exca- 
vation and Embankment.” 

Fences and gates designated for reuse shall be removed 
in such a manner that so far as practicable all material can 
be salvaged. Wire shall be carefully removed from the posts 
and rolled in rolls of such size that can be conveniently 
handled. Posts shall be removed by methods that will keep 
breakage to a minimum. 

Guardrail, object markers, and guide posts designated 
for reuse shall be removed in such a manner that so far as 
practicable all material can be salvaged. Bolts, supports, 

and other hardware shall be removed from all rails, plates, 

and posts and all parts shall be sorted and stored at the 
locations specified. Rail, plates, and posts shall be properly 
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stacked and miscellaneous hardware shall be stacked or 
boxed and: reasonable care exercised in handling, storage, 
and preservation of materials as will insure the maximum 
salvage value for the entire operation. Attention is directed 
to Sections 618, “Guardrail,” and 619, “Object Markers 

and Guide Posts.” 
When specified for salvage, structural steel removed 

from old structures shall be stored in a neat and present- 
able manner on blocking and at locations suitable for load- 
ing. Structures or portions thereof which are specified for 
re-erection shall be stored in separate piles. 

When relay culvert pipe is required, the Contractor 
shall remove the pipe in such a manner as not to damage 
the material in any way. If no particular pipe is noted for 
relay, the Contractor shall salvage and clean sufficient 
amount of the better grade of pipe to satisfy the relay pipe 
item. Attention is directed to subsection 604.03.04, “Relay 
Culvert Pipe.” 

Timber or piling from all structures designated to be 
salvaged shall have all nails and bolts removed therefrom 
and shall be stored in neat piles at locations suitable for 
loading. 

202.03.06 Disposing of Materials. Unless otherwise 
provided, excavated material shall be used in backfilling 
excavations made in removing the structure, in construct- 
ing embankment, or otherwise disposed of in a manner 
satisfactory to the Engineer. 

When the construction of riprap and similar structures 
is included in the proposal, suitable broken concrete or 
masonry removed from old structures may be used in such 
construction. Any concrete or masonry which cannot be 
placed in backfills or embankments or used as riprap, shall 
be disposed of in such a manner as to prevent damage to 
property or the creation of unsightly conditions. The mate- 
rial shall not be placed where it will obstruct any drainage 
course. 

When concrete or masonry is placed in embankments, it 

shall be placed in accordance with subsection 203.03.15, 
“Embankment Material.” 
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Any material removed and not designated for salvage 
shall become the property of the Contractor and shall be 
removed from the project prior to completion thereof. 
Attention is directed to subsection 107.14, “Disposal of 
Material Outside Highway Right of Way.” 

METHOD OF MEASUREMENT 

202.04.01 Measurement. When the contract stipu- 
lates that payment will be made for removal of structures 
and obstructions on a lump sum basis, the pay item will 
include removal of all structures and obstructions encoun- 
tered within the right of way in accordance with the pro- 
visions of this section. Where the proposal stipulates that 
payment will be made for the removal of specific items on 
a unit basis, measurement will be made by the unit stip- 
ulated in the contract. 

The length of pipe removed will be measured in linear 
feet, by measuring in place prior to removal. 

All measurements will be made in accordance with 
subsection 109.01, ““Measurement of Quantities.” 

BASIS OF PAYMENT 

202.05.01 Payment. The accepted quantities of 
removal of structures and obstructions will be paid for at 
the contract lump sum price bid, which price shall be full 
compensation for removing and disposing of the obstruc- 
tions in accordance with the contract, including excava- 
tion and subsequent backfill. 

Specific obstruction items stipulated for removal and 
disposal under unit price pay items will be paid for at the 
contract unit price bid per unit specified in the proposal— 
which price shall be full compensation for removal and 
disposal of such items, excavation and subsequent backfill 
incidental to their removal. The price shall also include 
salvage of materials removed, their custody, preservation, 
storage on the right of way, and disposal as provided 
herein. 

When the proposal does not include any pay item or an 
appropriate pay item for removal of any structure or 
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obstruction as set forth in this section, such work shall be 

performed and payment therefor will be considered as 
subsidiary to other items of work. No additional compen- 
sation will be allowed. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Removal of Structures and Obstructions.........................- Lump Sum 
Removal .Oftci165..:i0. aed ee. Serie ee. Each, Linear Feet, 

Stations, Miles, 
Square Yards 
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SECTION 203 

EXCAVATION AND EMBANKMENT 

DESCRIPTION 

203.01.01 General. This work shall consist of grad- 
ing and excavating the roadway, excavating borrow pits, 
removing slide material, and excavating ditches and stream 
channels and satisfactorily disposing of all excavated mate- 
rial and all work necessary for the construction and com- 
pletion of cuts, embankments, slopes, ditches, dikes, stream 

channels, approaches, parking areas, intersecting drive- 
ways and highways, and subsidiary work. Exceptions are 
overhaul, slope rounding, or other separately designated 
pay items of work which are made a part of the contract. 
All work shall be in reasonably close conformity with the 
alignment, grades, and cross sections shown on the plans 
or established by the Engineer. 

MATERIALS 

203.02.01 Roadway Excavation. Roadway excava- 
tion shall consist of all excavation involved in grading and 
constructing the roadway and appurtenances, irrespective 
of the nature or type of material encountered; except 
excavation designated as structure excavation, drainage 
excavation, channel, and borrow excavation when these 
items are provided as items of work under the contract. 
Dividing the project into construction stages shall not be 
construed as separate material classification. 

203.02.02 Drainage Excavation. Drainage excava- 
tion shall include all excavation in the construction of 
open ditches less than twelve (12) feet in bottom width, 

excepting ditches that are part of the roadway prism as 
shown in the plans. The nature or type of material encoun- 
tered shall have no bearing on the classification of material. 

203.02.03 Channel Excavation. Channel excavation 
shall include all excavation in the construction of open 
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ditches or stream changes with a bottom width of twelve 
(12) feet or more with the exception of ditches that are 
part of the roadway prism as shown in the plans. The 
nature or type of material encountered shall have no bear- 
ing on the classification of material. 

203.02.04 Borrow. Borrow shall consist of approved 
material required for the construction of embankments or 
for other portions of the work, and shall be obtained from 
approved sources. The widening of roadway cuts shall be 
considered as roadway excavation and not as_ borrow, 
unless otherwise specified. Borrow excavation will not be 
classified according to type or character of material 
encountered in the borrow area unless otherwise required 
in the special provisions. 

203.02.05 Selected Borrow. Selected borrow shall 
consist of approved material required for the construction 
of embankments within the required limits shown on the 
plans or directed by the Engineer, and shall be obtained 
from approved sources. 

Selected borrow shall conform to the requirements set 
forth in the special provisions. 

CONSTRUCTION 

203.03.01 Roadway. Ali excavation shall be made 
true to lines and grades staked by the Engineer and shall 
be so conducted as to avoid removing or loosening any 
material outside the required slopes. If any material is so 
disturbed it shall be replaced and thoroughly compacted 
to the required cross section, unless such replacement is 
impractical as determined by the Engineer. 

The work done under this section shall begin at some 
definite point or points on the project, and be carried for- 
ward in an approximately completed manner. The road- 
way shall be graded to full cross section width before 
placing base or surfacing of any type, unless otherwise 
specified. 

Intersecting roads, service highways, ramps, approaches, 
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and driveways shall be graded as shown on the plans or 
established by the Engineer. 

All suitable material removed from the excavation shall 
be used as far as practicable in the formation of embank- 
ments, subgrade, shoulders, slopes, dikes, and backfill for 
structures, unless otherwise indicated on the plans or dis- 
posed of in a manner satisfactory to the Engineer. Exca- 
vated material shall not be wasted without permission. 

203.03.02 Unsuitable Material. Unsuitable material 
shall be defined as saturated or unsaturated mixtures of 
soils or organic matter not suitable for foundation material 
regardless of moisture content. Material that is unsuitable 
for planned use, including material below the natural 
ground surface in embankment areas, shall be excavated 
and disposed of in a manner approved by the Engineer 
or as specified in the contract documents. 

When unsuitable material is removed and disposed of, 
the resulting space shall be filled with material suitable for 
the planned use. Such suitable material shall be placed 
and compacted in layers as hereinafter specified under 
embankment. 

Disposal of material outside the right of way shall be 
in accordance with subsection 107.14, “Disposal of Mate- 
rial Outside Highway Right of Way.” 

203.03.03 Blasting. Any material outside the author- 
ized cross section on the backslopes which may be shat- 
tered or loosened because of blasting shall be removed by 
the Contractor at his expense. Shattered or loosened mate- 
rial below the bottom limits of required excavation shall 
be uniformly distributed and compacted or otherwise 
disposed of in a manner satisfactory to the Engineer. The 
Contractor shall discontinue any method of blasting which 
leads to overshooting or is dangerous to the public or 
destructive to property or to natural features. 

The use of coyote holes in blasting is prohibited. 
Attention is directed to subsection 107.10, “Explosives.” 

203.03.04 Rock Cuts. In excavating side hill rock 
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cuts and rock cliffs, the Contractor shall exercise care and 
use precautionary methods so as not to break down, loosen, 
or otherwise damage supporting rock below the bottom 
limits of required excavation. In general, such cuts shall 
be worked from the top of lifts of such height that will not 
damage the bench of rock below the bottom limits of 
required excavation. The Contractor shall be responsible 
for the methods used, and for any damages to the roadbed 
resulting from his operations. 

The slope of all rock cuts shall be scaled and dressed 
to a safe, stable condition by removing all loose spalls 
and rock not firmly keyed to the rock slope. Overhanging 
rock shall be removed when, in the opinion of the Engi- 
neer, it may be a hazard to public use of the roadway. 

In solid rock excavation, slopes shall be constructed to 
the approximate neat lines staked by the Engineer. No 
rock shall project or overhang more than twelve (12) 
inches from the true slope. 

203.03.05 Overbreak. Overbreak is that portion of 
material excavated, displaced or loosened outside and 
beyond the slopes or grade as staked or reestablished, 
regardless of whether any such overbreak is due to blast- 
ing, the inherent character of any formation encountered, 
or to any other cause. Slides and slipouts as defined in 
subsection 203.03.10, “Slides and Slipouts,” and that 
portion of rock subgrade as hereinafter set forth, shall not 
be considered overbreak. All side slope overbreak as so 
defined shall be removed by the Contractor and shall be 
disposed of by the Contractor in the same manner as pro- 
vided for the surplus under the heading of “Surplus Mate- 
rial,” but at his own expense and without any allowance 
for overhaul. 

Rock removed to a maximum depth of six (6) inches 
below subgrade will be measured for payment as described 
in subsection 203.04.01(b), “Overbreak.” 

203.03.06 Slopes. All excavation and embankment 
slopes, except in solid rock, shall be trimmed to the lines 
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staked by the Engineer. The degree of smoothness shall 
be that normally obtained by hand shovel operations. 

203.03.07 Widening Cuts. If the Engineer directs 
the Contractor to excavate beyond the limits of the typical 
cross section originally proposed and within the limits of 
the right of way, the Contractor shall do so and compensa- 
tion therefor will be as set forth in subsection 203.04.01(c), 

“Widening Cuts.” 

203.03.08 Surplus Material. Unless otherwise speci- 
fied in the contract documents, surplus excavated material 
shall be used to widen embankments uniformly, or to 
flatten slopes, or at other locations, all in a manner satis- 

factory to the Engineer. No surplus material shall be 
disposed of above the grade of the adjacent roadbed nor 
shall the Contractor waste any material unless approved 
in writing by the Engineer. 

If the quantity of surplus material is specified in the 
contract documents, such quantity shall be considered 
approximate only. The Contractor shall satisfy himself 
that there is sufficient material available for the comple- 
tion of the embankments within the areas involved before 
disposing of any indicated surplus material inside or out- 
side the right of way. Any shortage of material caused by 
premature disposal of the indicated surplus material by the 
Contractor shall be replaced by him and no compensation 
will be allowed the Contractor for such replacement. 

203.03.09 Selected Material. When specified in the 
contract documents, or when selected by the Engineer, 
suitable selected material encountered in excavating or 
widening the roadway prism or any other excavation within 
the highway right of way, or in the excavation or borrow, 
shall be used for finishing the top portion of the subgrade. 

Selected material shall be defined as material which is 
excavated from one or more of the above sources and 
which is used for selective purposes. 

When practicable, selected material shall be hauled 
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directly from excavation to its final position on the road- 
bed and compacted in place, and such work shall be paid 
for at the contract unit price for the excavation item 
involved and overhaul if applicable, as set forth elsewhere 
in these specifications, and no additional compensation 
will be made. Attention is directed to subsection 104.05, 
“Rights in and Use of Materials Found on the Work.” 

‘When the transporting of selected material directly from 
excavation to its final position on the roadway is imprac- 
tical, the selected material shall be left in place until it 
can be placed in final position and no additional compen- 
sation will be made because of the delayed excavation. 
If, however, the conditions are such that the undisturbed 

selected material will hamper ordinary grading operations 
or cause unnecessary movements of equipment, the Engi- 
neer may order in writing the removal of sufficient selected 
materials and the stockpiling thereof to enable practical 
hauling operations. If the excavation and stockpiling of 
selected material is specified in the contract documents or 
is ordered by the Engineer the excavation shall be from, 
and the stockpiling at, locations designated by the Engi- 
neer. The selected material shall be removed from the 
stockpile and placed in final position on the roadbed when 
approved by the Engineer. 

Measurement for payment of selected material stock- 
piled as above provided will be in accordance with sub- 
section 203.04.01(d), “Selected Material.” 

203.03.10 Slides and Slipouts. Material outside the 
planned roadway or ditch slopes which is unstable and 
constitutes potential slides in the opinion of the Engineer, 

material from slides which has come into the roadway or 
ditch, and material which has slipped out of new or old 
embankments shall be excavated and removed. The mate- 
rial shall be excavated to designated lines or slopes either 
by benching or in such matter as approved by the Engi- 
neer. Such material shall be used in the construction of 
the embankments or disposed of as approved by the Engi- 
neer. 
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The above provisions shall not be so construed as to 
relieve the Contractor from the duty of maintaining all 
slopes true and smooth. Erosion, regardless of amount or 

extent, caused by the action of the elements which results 
in damage to work or materials, shall in-no case be con- 
sidered a slide or slipout. Measurement for payment will 
be in accordance with subsection 203.04.01(f), “Slides 
and Slipouts.” 

203.03.11 Drainage. During construction of the 
roadway, the roadbed shall be maintained in such condi- 
tion that it will be well drained at all times. 

V-type ditches shall be formed to the cross section and 
dimensions on the plans by means of suitable equipment 
which will deposit all loose material on the downhill side 
so that the bottom of the finished ditches shall not be less 
than two (2) feet six (6) inches below the crest of the 
loose material piled on the downhill side. 

In going from cut to fill, the roadway ditches shall be 
cut to the right or left before reaching the fill so as to 
avoid damage to embankments by erosion. 

The flat-bottom ditches indicated on the plans, or staked 

by the Engineer, shall be excavated to the required cross 
section and grade. Materials so obtained shall be used to 
construct roadway embankments or dikes or both to form 
a continuous diversion channel as staked by the Engineer. 

203.03.12 Channels. To avoid destruction of natural 
growth during construction of ditches, channels, or dikes, 
travel of equipment shall be confined to the construction 
limits as nearly as practicable. Where ditches, channels or 
dikes are nearly parallel to the roadway, turn-arounds 
shall not be located closer than two hundred (200) feet 
apart. Attention is directed to subsection 107.12, “Pro- 
tection and Restoration of Property and Landscape.” 

Fine grading of channel bottoms will not be required 
unless paving is specified. 

203.03.13 Borrow. A _ possible source of borrow 
material may be indicated in the contract documents. If 
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the Contractor desires to use borrow materials from 
sources other than those described in the contract docu- 
ments, he shall, at his own expense, acquire the necessary 
right to take materials and pay all costs involved. All 
costs of exploring such alternate sources shall be borne 
by the Contractor. Use of material from these sources 
will not be permitted until approved in writing by the 
Engineer. 

The successful bidder shall, at the time of execution of 

the contract, execute an “Agreement” for all borrow 
deposits obtained under an “Option and Agreement for 
Sale of Materials” when said “Option” is contained in the 
special provisions. This agreement shall be executed 
whether the material is to be used or not. 

In case designated borrow deposits fail to contain the 
necessary quantity of acceptable material, the Contractor 
shall immediately notify the Engineer in writing. The Engi- 
neer shall thereupon investigate, and if his investigation 
shows that there is not a sufficient quantity of acceptable 
material, he shall designate an alternate deposit in which 
to obtain the deficit. 

Overhaul on borrow will be measured for payment in 
accordance with subsection 203.04.01(¢), “Overhaul,” and 
Section 205, “Overhaul.” 

In all borrow pits having undesirable material, includ- 
ing overburden, refuse, organic and deleterious substances, 

the material shall be removed and wasted or redistributed, 
in a manner Satisfactory to the Engineer. All costs incurred 
therefor shall be considered as incidental and subsidiary 
to the borrow and no further compensation will be made 
for undesirable materials removed. 

Borrow shall not be obtained until all other excavation 
items are complete to the extent necessary to determine the 
need for borrow. 

The Contractor shall notify the Engineer sufficiently in 
advance of opening any borrow areas so that cross section 
elevations and measurements of the ground surface after 
stripping may be taken, and the borrow materials can be 
tested before being used. Sufficient time for testing the 
borrow shall be allowed. 
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Borrow deposits shall be excavated to regular lines as 
staked to permit accurate measurement. The dimensions of 
the borrow deposit will be designated and the Contractor 
shall not excavate below the depth or outside limits given 
except with prior approval. The depth of excavation 
throughout the area of the borrow pits shall be as uniform 
as practicable and the side slopes shall conform to the 
requirements of subsection 104.06, “Final Clean Up.” 
Unless otherwise permitted, borrow pits shall be excavated 
so that they will drain to the nearest natural outlet. 

All materials which are not satisfactory for use for the 
purposes intended shall be rejected at the pit and disposed 
of in a manner satisfactory to the Engineer. 

If the Contractor excavates more material than is 
required, the excess will not be measured for payment. 

All work and materials required to build and maintain 
borrow haul roads and obliteration of haul roads in accord- 
ance with subsection 104.06, “Final Clean Up,” shall be 
considered subsidiary to the “borrow” item and no further 
compensation will be allowed therefor. 

203.03.14 Foundation. When embankment is to be 
placed and compacted on hillsides, or when new embank- 

ment is to be compacted against existing embankments, or 
when embankment is to be built one half width at a time, 
the slopes that are steeper than four to one (4:1) when 
measured at right angles to the roadway shall be contin- 
uously benched as the work is brought up in layers. 
Benching shall be of sufficient width to permit operations 
of placing and compacting equipment. Each horizontal 
cut shall begin at the intersection of the original ground 
and the vertical sides of the previous cuts. Material thus 
cut out shall be recompacted along with the new embank- 
ment material at the Contractor’s expense, unless the width 
of excavation required by the Engineer exceeds six (6) 
feet, in which case the excavated material in excess of six 

(6) feet will be measured and paid for as roadway excava- 
tion. 

All foundations for embankment shall be cleared and 
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grubbed in accordance with Section 201, “Clearing and 
Grubbing.” 

In designated areas, unsuitable material shall be 
removed and disposed of as prescribed in subsection 
203.03.02, “Unsuitable Material.” 

Where twelve (12) inches or less of embankment is 
placed over existing bituminous surface, such surface shall 
be removed and incorporated in the embankment or other- 
wise disposed of as approved by the Engineer. Where more 
than twelve (12) inches of embankment is placed over 
existing bituminous surface, such surface shall be left 
undisturbed. Measurement for removal of existing bitumi- 
nous material will be as prescribed in subsection 203.04.01, 
“Measurement,” and paid for as roadway excavation unless 
the contract documents specifically call for payment under 
Section 202, “Removal of Structures and Obstructions.” 

203.03.15 Embankment Material. Embankments 
shall be constructed with suitable materials, excavated as 
prescribed and with any excess materials from other oper- 
ations which are acceptable and suitable for use. 

All materials used in embankments shall be free from 
objectionable material such as leaves, grass, roots, logs, 
stumps, brush, or other perishable material. 

When there is a choice of material and when practicable, 
the excavation shall be made so the best material will be 
placed on top of the embankment for at least one (1) foot 
in depth. This paragraph shall not be interpreted as to 
require the Contractor to stockpile and subsequently 
-rehandle embankment materials except as provided in sub- 
section 203.03.09, “Selected Material.” 

Material shall not be placed in the embankment when 
either the material, foundation or the embankment on 
which it would be placed is frozen. 

Where embankments are to be made of material from 
‘rock cuts or other material which is unsuitable for finish- 
ing the roadbed, the upper six (6) inches of the roadbed 
shall be formed of approved material. 

203.03.16 Placing Embankment. For embankment 
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or backfill deposited against structures, attention is directed 
to subsection 207.03.02, “Placing and Compacting at 
Abutments, Piers, Wingwalls, and Retaining Walls.” 

Where structure abutments are placed on embankment, 
the embankment shall be constructed to subgrade eleva- 
tion prior to excavating for the construction of the abut- 
ment. Structure excavation shall be measured for payment 
as set forth in subsection 206.04.01, “Measurement.” 

Where the abutment is supported on piles, the embank- 
ment shall be constructed to the elevation of the bottom 
of the footing. 

Where structures are located under a rock embankment, 

they shall be covered with not less than two (2) feet of 
satisfactory soil or granular materials before the embank- 
ment is placed over the structure. 

Embankments shall, except as hereinafter specified, be 
constructed in layers. The construction of an embankment 
shall begin at the lowest point of the fill below the grade 
and the bottom of ravines. Individual layers shall be spread 
evenly to uniform thickness throughout and parallel with 
the finished grade for the full width of the embankment, 
unless otherwise permitted. The thickness of the layer 
shall be as necessary to secure the required compaction 
with an eight (8) inch maximum thickness before compac- 
tion. Excepted provisions are hereinafter outlined for plac- 
ing in marsh and placement of rock. 

When embankments are constructed across wet or 
swampy ground which will not support the weight of heavy 
hauling and spreading equipment, the Contractor will be 
expected to choose such methods of embankment construc- 
tion and to use such hauling and spreading equipment as 
will least disturb the soft foundation. When soft founda- 
tions are encountered, and when approved by the Engi- 
‘neer, the lower part of the fill may be constructed by 
dumping and spreading successive vehicle loads in a uni- 
formly distributed layer of a thickness not greater than 
that necessary to support the vehicle while placing sub- 
sequent layers, after which the remainder of the embank- 
ment shall be constructed in layers and compacted as 
specified. 
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It is not the policy of the Department to allow an 
increase in the planned depth of embankment material 
over soft, wet, or swampy ground for the sole purpose of 
providing support for heavy hauling and spreading equip- 
ment, unless the Contractor proves to the satisfaction of 
the Engineer that the planned depth is inadequate to 
support light hauling vehicles. If it proves necessary for 
the Contractor to use smaller hauling vehicles or different 
methods of embankment construction than he had orig- 
inally contemplated in order to comply with the fore- 
going, such shall not be the basis for a claim for extra 
compensation against the Department; the unit contract 
price for the various pay items involved shall be full com- 
pensation for all labor, materials and equipment necessary 
to perform the work as outlined herein. 

Embankment which, in the opinion of the Engineer, 

contains a sufficient quantity of rock larger than four (4) 
inches in size shall be considered as ““Rock Embankment.” 
The materials shall be spread in a uniform horizontal layer 
over the full width of the embankment. The layer thick- 
ness shall not exceed one and one-third (114) times the 
vertical dimension of maximum size material larger than 
eight (8) inches. The largest size rock allowed in the 
embankment will be three (3) feet measured in vertical 
direction and rocks larger than this shall be broken up 
before being placed in the embankment. Rock to be wasted 
may exceed three (3) feet and be disposed of in an incon- 
Spicuous manner approved by the Engineer. 

In rock fills where end dumping is employed, direct end 
dumping upon the previously constructed layer of embank- 
ment will not be permitted. Rock shall be dumped on the 
layer of embankment being constructed and dozed ahead 
into place. Care shall be exercised as much as practicable 
to work the fines and smaller rock into the spaces between 
the larger rock. Compaction will be required as provided 
in subsection 203.03.18, “Compaction, Rock Embank- 
ment.” 

To the extent of project requirements for embankment, 
all rock from excavation shall be used for embankment. 
The Contractor shall plan his grading operation to use 
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rock which may be encountered in excavation in accord- 
ance with the following provisions: 

Rock, in general, shall be placed so as to form the base 
of embankment for the full width of the cross section; on 
the side slopes or slopes of a new embankment being 
placed; on the side slopes or slopes of an embankment 
already in place requiring widening or where excess rock 
may be wasted; or on the side slopes and top of rolled 
embankment made of embankment materials other than 
rock. 

The Contractor shall not place large rock in embank- 
ments where piles will be driven. The Contractor shall be 
responsible for penetrating the embankment with speci- 
fied piles. 

When rock and other embankment materials are exca- 
vated at approximately the same time, the rock shall be 

distributed throughout the fill and not nested in one loca- 
tion. 

When there is insufficient material other than rock in the 
excavation to permit properly compacted layers, the rock 
shall be placed for the full cross section width with the 
larger rocks well distributed and the void spaces filled with 
the smaller rocks and fragments. 

When shown on the plans or considered necessary by the 
Engineer, embankments shall be built to such elevation 
above required grade to allow for settlement, or sufficient 
surcharge shall be placed above the required elevation of 
earth grade over deposits of unstable material to secure 
displacement or settlement. Surcharge shall be removed 
only after the fill has reached stability or the required 
settlement. 

203.03.17 Compaction, Dirt Embankment. Optimum 
moisture content of the various soils will be determined by 
the Engineer. At the time of compaction, the moisture con- 
tent of the various soils shall be within the following 
ranges: 

Optimum Moisture Content Tolerances 

0 -20% +2% to—4% 
20%-30% +2% to—5% 
31% or more +3% to—6% 
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When necessary, each layer, before being compacted, 
shall be processed as required in order to bring its mois- 
ture content within the prescribed limits. The material 
shall be wetted by the application of water or dried as 
necessary and either process may be carried out either on 
the embankment or at the source of the material or other- 
wise as approved by the Engineer. Full compensation for 
any work involved in wetting or drying embankment mate- 
rial to obtain the required moisture content shall be con- 
sidered as included in the contract unit price bid for 
excavating or furnishing the material and no additional 
compensation will be allowed therefor. 

Hauling and leveling equipment shall be routed and 
distributed full width over each layer of the fill in such a 
manner as to uniformly distribute the compaction afforded 
thereby. In addition to hauling and leveling equipment, 
the Contractor shall provide compaction equipment that 
is specifically designed and manufactured for the purpose 
of compacting dirt embankments. Said compaction equip- 
ment shall work continuously with the grading equipment. 

The base of cuts, natural ground having less than five 
(5) feet of embankment, measured from the subgrade, and 
embankment material, shall be compacted to not less than 
ninety (90) percent of the maximum density as determined 
by Test Method No. Nev. T101. Test Method No. Nev. 
T102 or No. Nev. T103 may be used to determine the 
in-place density. Test method to be determined by the 
Engineer. When natural ground material is encountered 
that cannot be compacted to the required density, com- 
paction requirements shall be determined by the Engineer. 

All selected borrow and structure backfill placed within 
the limits of embankments shown on the plans for 
approaches to bridges shall be compacted to not less than 
ninety-five (95) percent of the maximum density as deter- 
mined by Test Method No. Nev. T101. Test Method No. 
Nev. T102 or No. Nev. T103 may be used to determine 
the in-place density. Test method to be determined by the 
Engineer. ot 

It is to be expected that a loss of density in the upper 
portion of earth subgrade may occur due to the elements, 
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or for lapse of time, or for other reasons. Recompaction 
to the specified density will be required prior to placement 
of any subsequent course and no additional compensation 
will be allowed therefor. 

203.03.18 Compaction, Rock Embankment. Field 
density tests will not be required on rock embankment. In 
lieu thereof, the required compaction shall be tested by 
proof rolling. In this case, compaction shall be attained 
and tested by using construction methods and equipment 
as follows: 

(a) Methods. The material for the embankment shall 
be deposited, spread and leveled the full width of the 
embankment, and in layers not exceeding eight (8) inches 
in thickness before compaction, except large rock fills in 
which the layer thickness may be one and one-third (1144) 
times the vertical dimension of maximum size material. 
The maximum layer thickness shall not exceed four (4) 
feet. 

Hauling and leveling equipment shall be routed and dis- 
tributed over each layer of the fill in such a manner as to 
make use of the compaction afforded thereby. In addition, 
one of the rollers, vibrators, or compactors meeting the 

requirements set forth under (b) “Equipment” below, shall 

compact the embankment full width with a minimum of 
three (3) complete passes for each layer of embankment. 
The compacting equipment shall not exceed a speed of five 
(5) miles-per hour and shall work continuously with the 
grading equipment. 

Rolling shall be done in a longitudinal direction along 
the embankment and shall generally begin at the outer 
edges and progress toward the center. The travel paths of 
traffic and construction equipment shall be kept dispersed 
over the entire width of the embankment so as to aid in 
obtaining uniform compaction. Weights of equipment used 
in making embankments over soil having an excessive 
moisture content may be limited, if, in the judgment of the 
Engineer, such limitations are necessary in order to main- 
tain the fill in a satisfactory condition. 
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Water shall be applied to the embankment in the amount 
necessary to obtain the required compaction. 

(b) Equipment. Compaction equipment shall be ade- 
quately designed to obtain compaction requirements with- 
out adverse shoving, rutting, displacement, or loosening 
and shall meet the requirements hereinafter specified. 
Rollers shall have displayed thereon in permanent legible 
characters, the manufacturer’s guaranteed net operating 
weights as distributed on each axle. 

Sheepsfoot or tamping rollers shall consist of metal 
drums or shells, not less than four (4) feet in diameter, 

equipped with self-cleaning tamping feet projecting at least 
seven (7) inches from the face of the drum or shell. The 
cross sectional area of the face of each tamping foot shall 
be not less than four (4) nor more than twelve (12) square 

inches. The feet shall be uniformly spaced on the roller. 
The weight and dimensions of the roller, the number, spac- 
ing, and dimensions of the tamping feet and the provisions 
for adding ballast, shall be such that the total load on a 
single row of the tamping feet in the contract with a level 
surface can be made as great as two hundred (200) pounds 
per inch of length of roller drum. The weight shall be 
adjusted to that which will produce the specified density 
with the least number of passes. Tamping rollers shall make 
at least three (3) complete coverages of the material being 
compacted and roiling shall continue until the tamping 
feet “build up” or “walk out” of the surface. 

Grid rollers shall consist of at least two similar metal 
drums; not less than five (5) feet in diameter, whose cylin- 
drical faces present the appearance of an open woven bar 
mesh. The drums shall be at least two and one-half (24%) 
feet long and they shall be independently mounted close 
together on the same axle. The complete roller, when oper- 
ating without ballast, shall weigh not over six (6) tons or 
two hundred (200) pounds per inch of length of roller 
drum. Arrangements shall be provided for adding ballast, 
to such an extent that the total weight of the unit can be 
increased to at least fifteen (15) tons and four hundred 
fifty (450) pounds per inch of length of roller drum. 
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Pneumatic tired rollers shall be of an approved, self- 
propelled, reversible type and shall have not less than 
seven (7) wheels mounting pneumatic tires of equal size 
which may be either treaded or smooth faced, but which 
shall all be alike. Wheels shall be equally spaced along 
both axle lines so that their center to center distance is not 
greater than one and seven-eighths (1%) times the nom- 
inal tire width and they shall be arranged so that those on 
one axle track midway between those on the other. Tires 
shall be capable of operating at inflation pressures up to 
one hundred twenty (120) pounds per square inch. They 
shall be kept uniformly inflated at whatever operating 
pressure is specified so that the difference between the 
pressure in any two tires shall never exceed five (5) pounds 
per square inch. The Contractor shall provide means for 
checking the tire pressure on the job at any time. For each 
size and type of tire used, the Contractor shall furnish the 
Engineer a copy of the tire manufacturer’s chart showing 
the internal volume of the tire as well as the relationship 
between wheel load, inflation pressure and tire contact 
width and area. The roller shall be equipped with a means 
of adjusting its total weight by ballasting so that the load 
per wheel can be varied from three thousand five hundred 
(3,500) to eight thousand (8,000) pounds. The Contractor 
shall furnish the Engineer a copy of the roller manufac- 
turer’s calibration chart for the ballast box showing the 
empty or tare weight of the roller. In operating, the tire 
inflation pressure and the wheel loads shall be adjusted, as 
required to meet the requirements of each particular appli- 
cation and of the material being rolled. On the axle having 
an even number of wheels, the wheels shall be arranged to 
oscillate in pairs or they may be individually sprung. The 
roller shall be equipped with dual operating controls, 
power steering and some type of fluid drive or torque 
converter. 

Pneumatic tired rollers meeting the requirements of the 
proof roller may be used in lieu of those specified above. 

Pneumatic tired compactors shall have not less than 
four (4) wheels abreast on the line of the main axle. The 
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compactor shall be so articulated or shall have pairs of 
wheels mounted on oscillating axles in such a manner as 
to insure that a constant and uniform load is carried by 
each wheel. Wheels shall be uniformly spaced along axle 
lines so that their center to center distance is not greater 
than one and three-fourths (134) times the nominal tire 
width. If there is more than one line of axles, then the 
wheels on each line shall be spaced the same distance 
apart and shall be so aligned that the wheels on one axle 
will track midway between those on the other. All tires 
shall be of equal size and diameter and shall be capable 
of operating at an air pressure of at least ninety (90) 
pounds per square inch. They shall be kept uniformly 
inflated so that the difference in the pressure in any two 
tires shall never exceed five (5) pounds per square inch 
and means shall be provided for checking the tire pressure 
on the job at any time. For each size and type of tire used, 
the Contractor shall furnish the Engineer a copy of the 
tire manufacturer’s chart showing the internal volume of 
the tire as well as the relationship between wheel load, 
tire inflation pressure and tire contact width and area. 
When operating light, no wheel on any axle shall carry a 
load of more than five thousand (5,000) pounds. Means 

shall be provided for adding sufficient ballast so that each 
wheel may be loaded to at least twenty-five thousand (25,- 
000) pounds. In addition, the compactor shall be capable 
of applying to the ground, loads as great as fifty (50) tons 
and twelve hundred (1,200) pounds per linear inch on 
nominal tire width, measured along an axle line. The 
weight of the compactor and the air pressure in the tire 
shall be adjusted to that which will produce the specified 
density with the least number of passes without exceeding 
the shear value of the soil. The Contractor shall furnish 
the Engineer with a copy of the roller manufacturer’s cali- 
bration chart for the ballast box showing the volume of the 
box, in cubic feet, for at least three (3) inch increment of 

depth and also showing the empty or tare weight of the 
roller. Compactors shall make at least two (2) complete 
coverages of each layer of material being compacted or at 
least four (4) coverages in the cases of compactors having 
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only a single line of axles. The compactor, together with 
its towing unit, if any, shall be capable of making a one 
hundred eighty (180) degree turn in a width of not over 
thirty (30) feet. 

Vibratory compactors shall not be used until approved 
by the Engineer. 

The proof roller shall be a pneumatic tired roller or 
pneumatic tired compactor weighing not less than fifty (50) 
tons and capable of applying to the ground loads of not 
less than twenty-five thousand (25,000) pounds per wheel. 
All tires shall be of equal size and diameter and shall be 
capable of operating at an air pressure of at least ninety 
(90) pounds per square inch. They shall be kept uniformly 
inflated so that the difference in the pressures in any two 
tires shall never exceed five (5) pounds per square inch 
and means shall be provided by the Contractor for check- 
ing the tire pressure on the job at any time. 

(c) Tests. Subsequent layers shall not be placed until 
the previous layer of the embankment is compacted to the 
degree that no further appreciable deflection is evidenced 
under the action of proof rolling equipment, as determined 
by the Engineer. 

Rolling and proof rolling may be deleted on any layer 
or portion thereof when, in the judgment of the Engineer, 
accomplishment is physically impractical. 

Payment for rolling and proof rolling or for the cor- 
rection of any subgrade weakness or deficiencies disclosed 
by the proof rolling operation shall be considered sub- 
sidiary to the price bid for the “Excavation” item. 

203.03.19 Maintenance. Embankment material which 
may be lost or displaced as a result of natural settlement 
of the ground or foundation upon which the embankment 
is constructed shall be replaced by the Contractor with 
acceptable material from excavation or borrow, etc. The 
quantity of material required will be paid for at the regular 
contract price for the type of materials used, also over- 
haul, if applicable, and no additional compensation will be 
allowed therefor. 

The Contractor shall, at his expense, remove and replace 
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with acceptable material, any embankment or portion 
thereof which has been constructed with unapproved mate- 
rial as well as remove and replace portions of the embank- 
ment which may become unstable or displaced as the result 
of carelessness or negligence on his part. 

METHOD OF MEASUREMENT 

203.04.01 Measurement. Unless otherwise specified, 
excavation will be measured on a volume basis by cross 
sectioning the area to be excavated and computing neat 
lines for an end area. The average end area method will 
be used with no allowance made for curvature. If for any 
reason it is impossible or impractical to measure quan- 
tities by average end areas, the Engineer will compute the 
quantities by a method which, in his opinion, is best 
suited to obtain an accurate determination. 

The quantity of excavation to be measured for payment 
will be the number of cubic yards excavated and placed 
as required. The estimated quantities shown on the plans, 
plus or minus authorized quantity changes, will be the 
quantity used for payment. The State or the Contractor 
may, however, request a final measurement in which case 
final cross sections will be taken. When final cross sections 
are taken the determination of quantities derived there- 
from will be the quantities used for payment. Furthermore, 
when the Contractor requests final measurement and the 
quantities thus determined are less than the planned 
quantities plus authorized changes, the Contractor shall 
reimburse the State for the State’s expenses incurred by 
such final measurement. 

When changes are made during construction such as 
widening cuts, changing grades, disposing of unsuitable 
material, stockpiling selected material, and other changes 
resulting in increases or decreases in quantities, then addi- 
tional measurements for payment will be made by the 
Engineer as hereinafter outlined: 
_(a) Unsuitable Material. When the removal and dis- 

posal of unsuitable material is shown in the contract docu- 
ments, such material will be measured for payment as 
excavation for the related item. 
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Removal and disposal of unsuitable material, not shown 
on the plans, will be measured and paid for as “Roadway 
Excavation” and “Overhaul.” However, if removal and 

disposal of unsuitable material not shown on the plans 
requires special equipment or unusual operations, it may 
be paid for as extra work according to the provisions of 
subsection 104.03, “Extra Work.” 

No measurement will be made of suitable material 
temporarily removed and replaced to facilitate compaction 
of material. 

(b) Overbreak. All sideslope overbreak as defined in 
subsection 203.03.05, “Overbreak,” shall not be paid for. 

Rock removed to a maximum depth of six (6) inches 
below subgrade will be measured for payment provided 
the rock has been removed sufficiently to permit accurate 
cross sectioning. Replacement to this depth shall be with 
material designated on the plans or approved by the Engi- 
neer and will be measured and paid for at the contract unit 
price for the material used. 

Rock loosened or removed in excess of six (6) inches 

below subgrade will not be measured or paid for. When 
ordered by the Engineer, the loosened material will be 
removed and the resultant space refilled with approved 
material at the expense of the Contractor. 

(c) Widening Cuts. If the Engineer directs the Con- 
tractor to excavate beyond the limits of the typical cross 
section and before the excavation is substantially com- 
pleted, the material shall be classified as “Roadway Exca- 
vation” and shall be paid for at the contract bid price. 
However, if widening cuts requires special equipment, or 
unusual and extra expense, it may be paid for as extra 
work according to the provisions of subsection 104.03, 

“Extra Work.” 
(d) Selected Material. Selected material stockpiled as 

provided in subsection 203.03.09, “Selected Material,” 
will be measured for payment as roadway excavation both 
in its original position and also from the stockpile. Meas- 
urement of the material taken from stockpile will be made 
of the volume actually removed. 

(e) Surplus Material. Surplus excavated material will 
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be measured for payment as roadway excavation and no 
further compensation will be allowed by virtue of the 
method of disposing, placing, or widening embankments 
caused from such surplus material. Any additional “Over- 
haul” resulting from the disposal of surplus material 
beyond the designated balance will be measured for pay- 
ment. 

(f) Slides and Slipouts. In the event of slides and slip- 
outs, the Engineer and Contractor shall negotiate in each 
case and decide the relative difficulty of performing the 
work, and payment will be made either as “Roadway 
Excavation” or as “Extra Work” as provided in subsection 
104.03, “Extra Work.” 

Where slopes have been previously completed by the 
Contractor, the cost of resloping required in areas where 
unstable material is removed will be paid for as extra 
work as provided in subsection 104.03, “Extra Work.” 

The cost of pioneering work necessary to make slide or 
slipout areas accessible to normal excavation equipment 
and the cost of necessary clearing and grubbing will be 
paid for as extra work as provided in subsection 104.03, 
“Extra Work.” 

Only those quantities of slide or slipout material which 
are authorized and actually removed will be measured for 
payment. 

(g) Overhaul. Overhaul, where applicable, will be paid 
for on the above items of excavations. Overhaul on 
borrow material from sources furnished by the Contractor 
will be paid for according to the actual amount of overhaul 
from the sources from which the borrow is taken, provided, 
however, that no allowance will be made for overhaul from 

such sources in excess of overhaul distance computed from 
the sources designated. Attention is directed to Section 
205, “Overhaul.” 

Excavation in excess of the staked or authorized cross 
section will not be measured for payment, except as out- 
lined above. 
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Material used for surcharge, whether shown on the plans 
or called for by the Engineer, will be measured for pay- 
ment as roadway excavation both in its original position 
and also from the surcharge position. 

Earthwork quantities within the limits of “Slope Round- 
ing” will not be measured for payment. 

V-type ditches will be measured parallel to the ground 
and each one hundred (100) linear feet shall constitute a 
unit of measure. The volume of excavation for such ditches 
will not be measured for payment. 

The quantity of selected borrow or selected borrow 
excavation to be measured for payment wili be the number 
of cubic yards or tons measured as set forth in the special 
provisions. 

All measurements will be made in accordance with sub- 

section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

203.05.01 Payment. The accepted quantities of exca- 
vation measured as specified in subsection 203.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid for each of the pay items listed in the bid schedule. 
Such price shall include excavating, loading, hauling 
(except overhaul), depositing, spreading, compacting, and 
maintaining the material complete and in place. Watering 
will be paid for in accordance with Section 210, “Water- 
ing.” 

The accepted quantities of selected borrow or selected 
borrow excavation will be paid for at the contract unit 
price bid per cubic yard or ton for “Selected Borrow” or 
“Selected Borrow Excavation” which price shall be full 
compensation for furnishing all materials, loading, hauling, 
depositing, spreading, watering, compacting and maintain- 
ing the material complete and in place. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 
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Pay Item Pay Unit 

Roadway, Excavation. ot: yer... Se) ose he Cubic Yard 
Dicaina ge EB XCAV a (OU ae geste eet oo Sr ee Cubic Yard 
CraTinel sik CaVatlOl, ee ee ee eee Cubic Yard 
Borrow Excavation............ 2201209 PeIRp Je or oe Cubic Yard 
V-type, (Ditches!?.2-, otter i favs Slate en ei aA Stations 
Selected Borrow2ieue 2, 20ers seals. ee ge Cubic Yard or Ton 
Selected Borrow Excavation..................2.222----.----- Cubic Yard or Ton 
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SECTION 204 

ROUNDED AND TRANSITION SLOPES 

DESCRIPTION 

Z04.01.01 General. This work shall consist of round- 
ing and shaping slopes in accordance with the plans and 
where designated by the Engineer. 

CONSTRUCTION 

204.03.01 General. The top of cut slopes shall be 
rounded by excavating to blend the cut slopes with the 
adjacent natural terrain. At the intersection of cuts and 
fills, slopes shall be adjusted and warped to blend into 
each other or into the natural ground surface without 
noticeable break. 

Slopes will be staked for flattening and rounding in 
places where the material is other than solid rock. Rock 
formations such as shales, decomposed sandstone and 
granite that can be readily excavated by means of hand 
tools, shall have the slopes flattened and rounded the same 
as earth slopes. A layer of earth overlying a rock cut shall 
be rounded above the rock the same as earth slopes. Where 
the depth of cut is insufficient to provide the full rounding 
required, the distance for rounding shall be proportionately 
adjusted. 

Slope rounding and warping shall also apply to all 
drainage ditches when such rounding will improve the 
appearance of the roadside. 

Whenever the treatment of the slopes may destroy or 
injure standing timber, trees or other vegetation which 
should be preserved, adjustments in slope grading will be 
made. These adjustments shall be effected by a gradual 
transition from the theoretical grading section required. 

The degree of smoothness required in rounding and 
warping slopes shall be as specified in subsection 203.- 
03.06, “Slopes.” 
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METHOD OF MEASUREMENT 

204.04.01 Measurement. The quantity of rounded 
cut slopes or roadway ditch slopes to be paid for shall be 
measured in linear feet of slopes, treated as specified, 

measured along the roadway ditch each side of the road- 
way centerline. The quantity of rounded embankment 
slopes to be paid for shall be measured in linear feet, 
treated as specified, measured along the centerline of the 
embankment to be rounded, and each side shall be con- 
sidered separately. In all cases, each one hundred (100) 
feet shall constitute the unit of one station. Earthwork 
quantities within the limits of “Slope Rounding” will not 
be measured for payment. 

All measurements will be made in accordance with sub- 
section 109.01, “(Measurement of Quantities.” 

BASIS OF PAYMENT 

204.05.01 Payment. The accepted quantity of slope 
rounding measured as specified in subsection 204.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per station of the completed work. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Slope: Rounding... ¢se- ss ie a ee ae Stations 
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SECTION 205 

OVERHAUL 

DESCRIPTION 

205.01.01 General. This work shall consist of author- 

ized hauling of roadway excavation, channel excavation, 

and borrow in excess of the free-haul distance. 
Free-haul distance is the specified distance that exca- 

vated material shall be hauled without additional com- 

pensation. Unless otherwise provided in the contract 
documents, the free-haul distance shall be two thousand 

(2,000) feet. 

METHOD OF MEASUREMENT 

205.04.01 Measurement. The limit of free haul shall 
be determined from a mass diagram by fixing on the vol- 
ume curve, two points, one on each side of the neutral 

grade point, one in excavation and the other in embank- 
ment, such that the distance between them equals the free- 
haul distance, and the included quantity of excavation and 
embankment are in balance. All materials within the free- 
haul limit shall be eliminated from further consideration. 
The distance between the center of gravity of the remaining 
mass of excavation and the remaining mass of embank- 
ment minus the free-haul distance shall be the overhaul 
distance. The quantity of overhaul shall be the product of 
the overhaul distance measured in miles multiplied by the 
number of cubic yards of material hauled in excess of the 
free-haul distance. Analytical methods may be used for 
computing overhaul in lieu of the mass diagram method 
described herein. 

All measurements will be made in accordance with sub- 
section 109.01, ““Measurement of Quantities.” 

BASIS OF PAYMENT 

205.05.01 Payment. The accepted quantities of over- 
haul measured as specified in subsection 205.04.01, 
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“Measurement,” will be paid for at the contract unit price 
bid per yard mile of the completed work. 

When overhaul does not appear as an item in the 
proposal, the contract unit price bid per cubic yard for 
roadway excavation, borrow excavation, and channel exca- 
vation shall be considered as including payment for over- 
haul. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Overhatih::. ac). ee sBieNigecie.. Anhiedtiaapetel Le Yard Mile 
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SECTION 206 

STRUCTURE EXCAVATION 

DESCRIPTION 

206.01.01 General. This work shall consist of the 
removal of all material of whatever nature encountered 
for the construction of foundations for bridges, retaining 
walls, headwalls for culverts and other structures; the 

excavation of trenches for pipe and box culverts, cutoff 
walls for slope paving and concrete aprons, footings for 
riprap and other excavation specifically designated on the 
plans, in these specifications or in the special provisions 
as structure excavation, including the work of disposing 
of surplus material and cleaning up the sites. Structure 
excavation shall include dewatering and the furnishing of 
all equipment and the construction or installation of all 
cofferdams, cribs, and other facilities which may be neces- 
sary to perform the excavations and the subsequent 
removal of such facilities except where they are required 
or permitted by the plans or specifications to remain in 
place. It shall also include all the necessary clearing and 
grubbing within the proposed structure area and removing 
old structures or parts thereof as required if the proposal 
does not include separate bid items for such work. 

For specific requirements pertaining to the excavation 
involved in the installation of pipe culverts and under- 
ground piping, attention is directed to those sections of 
these specifications governing such work. 

206.01.02 Classification. Classification of structure 

excavation will not be made on the basis of materials or 

conditions encountered. Classification of excavation, if 

made, will be on the basis of the material removed between 

certain elevations, and such classification as shown on the 

plans or set forth in the special provisions shall not be 
changed regardless of the material encountered. 
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CONSTRUCTION 

206.03.01 General. The Contractor shall notify the 
Engineer a sufficient time in advance of the beginning of 
excavation for structures so that elevations and measure- 
ments may be taken of the existing ground before it is 
disturbed and of existing substructure units within the 
limits of excavation for structures before they are removed. 
Any material excavated or removed before these meas- 
urements have been taken will not be paid for. 

The excavated area shall conform to the outlines of the 
footings, as shown on the plans, and shali be of sufficient 

size to permit placing of the full width and length of the 
footings shown. The elevation of the bottoms of footings 
as shown on the plans shall be considered as approximate 
only, and the Engineer may order, in writing, such changes 
in dimensions or elevation of footings as may be necessary 
to secure a satisfactory foundation. 

Unless otherwise permitted by the Engineer, foundations 
for culvert pipe and structures shall be compacted to not 
less than ninety (90) percent of the maximum density as 
determined by Test Method No. Nev. T101. Test Method 
No. Nev. T102 or No. Nev. T103 may be used to deter- 
mine the in-place density. Test method to be determined 
by the Engineer. 

All rock or other hard foundation material shall be 
freed from all loose material, cleaned and cut to a firm 
surface, either level, stepped or serrated, as may be per- 
mitted by the Engineer. All seams and crevices shall be 
cleaned out and filled with concrete mortar or grout. 

Where masonry is to rest on material other than rock or 
boulders, special care must be given not to destroy its 
bearing value. 

Should the Contractor remove foundation excavation 
below grade, he shall backfill to the required elevation at 
his own expense with backfill or with foundation fill in a 
manner Satisfactory to the Engineer. 

Wet pits shall be unwatered for inspection and for con- 
struction of foundations unless otherwise provided. 
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Excavated material which is suitable for backfilling shall 
be so utilized or used in embankments, in a manner satis- 

factory to the Engineer. Surplus or unsuitable material 
shall be disposed of so as to cause no obstruction to flow 
of streams; or otherwise impair the efficiency or appear- 
ance of the structure. It shall be disposed of in such man- 
ner as to prevent damage to property or the creation of 
unsightly conditions, and shall not be placed where it will 
interfere with the operation of drains or impair the road- 
way ditches, etc. 

206.03.02 Inspection. After each excavation is com- 
pleted, the Contractor shall notify the Engineer, and no 
masonry shall be placed until the Engineer has approved 
the depth of excavation and the character of the founda- 
tion material. 

METHOD OF MEASUREMENT 

206.04.01 Measurement. The quantity of structure 
excavation measured for payment will be the number of 
cubic yards calculated and shown on the plans, plus or 
minus quantities covered by approved changes. The Engi- 
neer or the Contractor may request recalculation if a 
possible error is suspected in the quantities shown on the 
plans. If the Contractor requests recalculation of quantities, 
such request shall be in writing. When quantities are 
recalculated, the quantities derived therefrom will be the 
quantities used for payment. All calculations will be made 
according to the dimensions shown on the standard sheets 
appended to the plans. Only those quantities complete and 
in place will be measured for payment. 

The yardage of water or any other liquid will not be 
included in the measurement for payment, except that the 
yardage of mud, muck, or similar semi-solid matter not 
resulting from construction operations and which cannot 
be pumped or drained away shail be included. 

All measurements will be made in accordance with sub- 
section 109.01, ““Measurement of Quantities.” 
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206 STRUCTURE EXCAVATION 

BASIS OF PAYMENT 

206.05.01 Payment. The accepted quantity of struc- 
ture excavation measured as provided in subsection 206.- 
04.01, “Measurement,” will be paid for at the contract 
unit price bid per cubic yard, which payment will be full 
compensation for clearing, grubbing, cofferdams, cribs, 
sheeting, shoring, bracing, pumping, unwatering, and dis- 
posing of all materials, as well as any other additional work 
which may be required to comply with safety regulations, 
including but not limited to, additional sloping outside the 
designated pay limits. 

No compensation will be made for the removal and 
disposal of material which may come into an excavation 
from outside the designated limits or for the removal and 
disposal of swell material resulting from the driving of 
piles in an excavation. } 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Structure Excavation? oo 42aCne op etel: 89. eCubic Ward 
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SECTION 207 

BACKFILL 

DESCRIPTION 

207.01.01 General. This work shall consist of plac- 
ing and compacting, to the lines designated on the plans 
or as established by the Engineer, backfill or granular 
backfill material in excavations for bridges, retaining walls, 
headwalls for culverts, and other structures; placing and 
compacting backfill or granular backfill material in 
trenches for culverts and pipes; and other backfill specifi- 
cally designated in the contract documents as structure 
backfill. This item does not include backfilling minor mis- 
cellaneous structure excavations outside the limits of the 
roadway. 

When the terms “backfill” or “structure backfill” are 
used herein, they shall be construed to mean backfill or 
granular backfill, or both. 

MATERIALS 

207.02.01 Backfill. Material used for backfill shall 
be of a quality acceptable to the Engineer. The backfill 
material shall be free from stones or lumps of material 
exceeding three (3) inches in greatest dimension and shall 
be free from sod, frozen earth, and organic materials. 
Acceptable material from excavation may be used for 
backfilling unless granular backfill is specified and the 
material from excavation does not conform to the require- 
ments therefor. 

207.02.02 Granular Backfill. Material used for gran- 
ular backfill shall consist of natural sand or a mixture of 
sand with gravel, crushed gravel, crushed stone, or other 
broken or fragmented material to fill the voids in the 
coarser material. In addition thereto, the material shall 
conform to the following requirements: 
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Sieve Sizes Percentage by Weight Passing 

Bit 100 

No. 4 35-100 
No. 200 0-15 

The liquid limit of the material shall not be greater than 
thirty-five (35) and the plasticity index shall not be more 

than ten (10). 

CONSTRUCTION 

207.03.01 General. Compaction of backfill or em- 
bankment around all structures shall be secured with 
mechanical tamping units and the material shall be placed 
at a rate which will permit efficient use of mechanical 
tampers in securing the required compaction. 

Unless otherwise permitted by the Engineer, founda- 
tions for culvert pipe and reinforced concrete boxes shall 
be compacted to not less than ninety (90) percent of the 
maximum density as determined by Test Method No. Nev. 
T101. Test Method No. Nev. T102 or No. Nev. T103 
may be used to determine the in-place density. Test method 
to be determined by the Engineer. 

Backfill material shall be placed in uniform horizontal 
layers not exceeding eight (8) inches in loose thickness 
before compaction and shall be brought up uniformly on 
all sides of the structure or improvement. Each layer of 
backfill shall be moistened as necessary and thoroughly 
compacted until ninety (90) percent of the maximum den- 
sity is achieved, except that each layer of backfill so placed 
within the limits shown on the plans for selected borrow 
embankments for approaches to bridges shall be thoroughly 
compacted until ninety-five (95) percent of the maximum 
density is achieved. In all instances, Test Method No. Nev. 
T101, No. Nev. T102, or No. Nev. T103 may be used to 
determine the in-place density. Test method to be deter- 
mined by the Engineer. 

Compaction of backfill material by ponding or jetting 
will not be permitted. 

Material resulting from structure excavation and not 
used as structure backfill shall be deposited in roadway 
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embankments in accordance with the requirements speci- 
fied elsewhere or otherwise disposed of along the roadway 
in a manner approved by the Engineer and no additional 
compensation will be allowed for such work. 

Structure backfill shall not be placed until the structure 
or facilities have been inspected by the Engineer and 
approved for backfilling. Backfill material shall not be 
deposited against the back of concrete abutments, con- 
crete retaining walls or the outside walls of concrete box 
culverts until the concrete has reached an age of fourteen 
(14) days or the concrete has developed a strength of two 
thousand five hundred (2,500) pounds per square inch in 
compression as determined by Test Method No. Nev. 
T475. 

Where backfill is placed against waterproofed surfaces, 
care shali be taken that no damage is done to the water- 
proofing material. 

207.03.02 Placing and Compacting at Abutments, 
Piers, Wingwalls, and Retaining Walls. With the approval 
of the Engineer, all spaces excavated and not occupied by 
abutments, piers, or other permanent work shall be 
refilled with earth up to the surface of the surrounding 
ground or to the limits designated on the plans or as 
described herein. All backfill shall be thoroughly com- 
pacted in accordance with the provisions set forth in 
subsection 207.03.01, “General.” 

Where backfill is to be placed on one side of an abut- 
ment, wingwall, pier, or headwall, care shall be exercised 
to prevent over compacting to the point of displacing line 
or batter or both. 

Existing slopes, which are shaped so as to cause a wedge 
action in the backfill, shall be step-cut or benched before 
backfilling. 

207.03.03 Placing and Compacting at Culverts. After 
the bedding has been prepared and the culverts installed 
or constructed as required by the pertinent specifications, 
acceptable material from excavation or from other sources 
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shall be placed along both sides of the culvert equally in 
uniform layers not exceeding eight (8) inches in depth 
(loose measurements), wetted as required and thoroughly 
compacted to the density requirements as set forth in sub- 
section 207.03.01, “General.” 

Special care shall be taken in placing and thoroughly 
compacting the material under the haunches of all pipe. 

Unless otherwise directed, the backfilling shall con- 
tinue as described to the level of the ground or to an 
elevation six (6) inches above the structure in the case of 

a pipe culvert in projection, or even with the top of the 

structure in the case of an RCB culvert in projection. 

No construction or other traffic shall be permitted to 
cross any culvert until a safe minimum depth of fill above 
the culvert has been placed and consolidated in accord- 
ance with these specifications. The Contractor shall be 
solely responsible for protecting the structure from super- 
imposed loading created by construction equipment or 
otherwise and shall repair any damage done to the struc- 
ture or replace the structure as ordered without extra com- 
pensation. 

Special care shall be taken in backfilling arches, par- 
ticularly half-circle arches. The arch shall be covered in 
layers, each layer conforming to the shape of the arch 
and tamped thoroughly. 

207.03.04 Placing and Compacting of Bin-Type 
Retaining Wallis. Placing and compacting backfill mate- 
rial for bin-type retaining walls shall progress concurrently 
with the assembly of the bins, and backfilling around the 
outer sides thereof shall be kept approximately level with 
the inside fills. The materials shall be thoroughly tamped 
and meet the density requirements as set forth in sub- 
section 207.03.01, “General.’”’ Care shall be exercised to 
completely fill the depressions of stringers and spacers 
without over compacting to the point of displacing them 
from established line and batter. 
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METHOD OF MEASUREMENT 

207.04.01 Measurement. The quantity of backfill or 
granular backfill measured for payment will be the number 
of cubic yards calculated and shown on the plans, plus or 
minus quantities covered by approved changes. The Engi- 
neer or the Contractor may request recalculation if a pos- 
sible error is suspected in the quantities shown on the 
plans. If the Contractor requests recalculation of quan- 
tities, such request shall be in writing. When quantities are 
recalculated, the quantities derived therefrom will be the 
quantities used for payment. All calculations will be made 
according to the dimensions shown on the standard sheets 
appended to the plans. Only those quantities complete and 
in place will be measured for payment. 

All measurements will be made in accordance with sub- 
section 109.01, ‘““Measurement of Quantities.” 

BASIS OF PAYMENT 

207.05.01 Payment. The accepted quantities of back- 
fill or granular backfill measured as provided in subsection 
207.04.01, “Measurement,” will be paid at the contract 
unit price bid per cubic yard for backfill or granular back- 
fill. 

When structure excavation is unacceptable as backfill 
and backfill material is obtained from the roadway prism 
or from borrow or from base materials, it will be paid for 
both as backfill and the respective bid item from which it 
is obtained. When granular backfill is called for it will be 
paid as granular backfill only and no further compensation 
will be paid for borrow or base items. 

Payment for backfill or granular backfill shall be full 
compensation for furnishing, hauling, and compacting all 
material. 

When an item for backfill does not appear in the pro- 
posal, backfill will be considered as incidental to the 
installation of the structure and compensation shall be 
included in the contract prices for other items of the 
work. 
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Water applied will be paid for in accordance with Sec- 
tion 210, “Watering.” All payments will be made in 
accordance with subsection 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Backfill: 36 eyo stat i ah ract a ees ae ee ee ey eee 2 ke Cubic Yard 

Géanular Back fll cov Seted oe, Soke t Seats ih EY Cubic Yard 
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SECTION 208 

FOUNDATION FILL 

DESCRIPTION 

208.01.01 General. This work shall consist of fur- 
nishing and placing sand, gravel, rock, or any suitable 
combination of these materials in areas where unstable 
foundation materials have been excavated below the 
foundation elevation for culverts, bridges, and all other 
structures in accordance with these specifications and in 
conformity with the grades and elevations shown on the 
plans or established by the Engineer. 

MATERIALS 

208.02.01 General. Material shall be as set forth in 
the special provisions. 

CONSTRUCTION 

208.03.01 General. Unsatisfactory material shall be 
removed to the depth required and piles driven if desig- 
nated. Foundation fill shall be placed to bring the sub- 
foundations to the required elevation. 

Compaction of foundation fill shall be secured with 
mechanical tamping units or other compaction methods 
approved by the Engineer. Material shall be placed at a 
rate which will permit efficient use of compaction methods. 

Unless otherwise permitted by the Engineer, foundation 
fill shall be compacted to not less than ninety (90) percent 
of the maximum density as determined by Test Method 
No. Nev. T101. Test Method No. Nev. T102 or No. Nev. 
T103 may be used to determine the in-place density. Test 
method to be determined by the Engineer. 

Compaction by ponding or jetting will not be permitted. 

METHOD OF MEASUREMENT 

208.04.01 Measurement. The quantity of foundation 
fill to be measured for payment will be the number of 
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cubic yards measured in accordance with the dimensions 
shown on the plans or established by the Engineer. 

All measurements will be made in accordance with sub- 
section 109.01, ‘““Measurement of Quantities.” 

BASIS OF PAYMENT 

208.05.01 Payment. The accepted quantities of foun- 
dation fill measured as provided in subsection 208.04.01, 

“Measurement,” will be paid for at the contract unit price 
bid per cubic yard of foundation fill complete and in place. 

Full compensation for furnishing, hauling, placing, and 
compacting foundation fill shall be considered as included 
in the contract price paid for foundation fill. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item f Pay Unit 

Foundation Fill...........2.2....22.--2.--2- sets. Cubic Yard 
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SECTION 209 . 

DRAIN BACKFILL 

DESCRIPTION 

209.01.01 General. This work shall consist of fur- 
nishing, hauling, placing, and compacting drain backfill 
material around structures or perforated underdrains to 
the lines designated on the plans or established by the 
Engineer. 

MATERIALS 

209.02.01 General. Material shall conform to the 
requirements as set forth in subsection 704.03.01, “Drain 
Backfill.” 

CONSTRUCTION 

209.03.01 Underdrains. The trench shall be exca- 
vated and drain backfill placed in accordance with the 
provisions of Section, 607, “Underdrains.” 

Trenches for blind drains shall be excavated to the width 
and depth shown on the plans, or established by the Engi- 
neer. The trench shall be filled with drain backfill material 
to the depth required by the plans. Any remaining upper 
portion of trench shall be filled with either granular or 
impervious material as may be specified. 

Where drain backfill is part of the structural section, it 
shall be compacted to not less than ninety (90) percent of 
the maximum density as determined by Test Method No. 
Nev. T101. Test Method No. Nev. T102 or No. Nev. T103 
may be used to determine the in-place density. Test method 
to be determined by the Engineer. 

Compacting by ponding or jetting will not be permitted. 

METHOD OF MEASUREMENT 

209.04.01 Measurement. The quantity of drain back- 
fill to be measured for payment will be the number of 
cubic yards measured in accordance with the dimensions 
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shown on the plans or established by the Engineer com- 
plete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

209.05.01 Payment. The accepted quantities of drain 
backfill measured as provided in subsection 209.04.01, 

“Measurement,” will be paid for at the contract unit price 
bid per cubic yard of drain backfill. 

Full compensation for furnishing, hauling, placing, and 
compacting drain backfill shall be considered as included 
in the contract price paid for drain backfill. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

PGTGthh el (Sel CELL)! (nue eee OPO ANS RISES MBER eA ore ne & ' Cubic Yard 
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SECTION 210 

WATERING 

DESCRIPTION 

210.01.01 General. This work shall consist of but 
is not limited to furnishing, hauling, and applying all water 
required for compaction of embankment foundation areas, 
embankments, subgrade, mineral aggregate base and sur- 
facing materials, structure backfill, processing cement 
treated base or subgrade material, and for laying dust 
caused by grading operations and traffic. 

MATERIALS 

210.02.01 General. All materials shall conform to 
the requirements set forth in Section 722, “Water.” 

CONSTRUCTION 

210.03.01 Equipment. Equipment used for apply- 
ing water required for compacting embankment materials, 
subgrade, base and surfacing materials, and for laying dust 
shall be pressure type distributors equipped with a spray 
system that will ensure uniform application of water. All 
the watering equipment used for the application of water 
shall be equipped with a positive means of shutoff and the 
use of equipment not so equipped will not be permitted. 
An approved pump, pipe, hose, and nozzle equipment may 
be used in embankment construction. Where the head is 
sufficient to provide equal pressure, the pump require- 
ment may be eliminated. 

The Department does not require that watering equip- 
ment be provided with measuring or metering devices. 

210.03.02 General. Water for dust control shall be 
applied in the amounts and on the areas designated by 
the Engineer. 

The Contractor shall apply water in the amount neces- 
sary to attain the compaction in those materials requiring 
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a specified density. In certain of the base courses, water 
shall be introduced into the aggregate at the plant and 
when necessary to attain the specified compaction, shall be 
supplemented by additional wetting as specified above. 

Excavation areas and borrow pits may be watered prior 
to excavating material. 

When water is applied directly to the roadbed, the mate- 
rial shall be processed by suitable equipment until the 
layer is uniformly wet. Care shall be taken to avoid dis- 
turbing layers which have been previously placed and com- 
pacted. 

The Contractor shall make all arrangements for provid- 
ing an adequate water supply. He shall negotiate with 
owners of supply and sign an agreement with each owner 
prior to removing the water. A copy of said agreement 
shall be furnished the Engineer. He shall pay all royalties 
occurring under such agreements and shall also obtain any 
necessary right of way. 

METHOD OF MEASUREMENT 

210.04.01 Measurement. The developing of an ade- 
quate water supply, the furnishing of all necessary equip- 
ment for obtaining water from the source or sources, 
water, and the furnishing of equipment necessary to apply 
the water, will not be measured for payment. 

BASIS OF PAYMENT 

210.05.01 Payment. Full compensation for develop- 
ing an adequate water supply, for furnishing all necessary 
equipment, for obtaining water from the source or sources, 
for water, and for furnishing of equipment necessary to 
apply the water, shall be considered as included in the 
contract unit price paid for other appropriate items and 
no separate payment will be made therefor. 
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SECTION 211 

EROSION CONTROL 

DESCRIPTION 

211.01.01 General. This work shall consist of pre- 
paring slopes, placing and compacting top soil, seeding, 
fertilizing, jute matting, and mulching all graded and dis- 
turbed areas in accordance with these specifications and 
the details shown in the contract documents. 

MATERIALS 

211.02.01 General. The materials used shall be 
those prescribed for the several items which constitute the 
finished work and shall conform to the applicable require- 
ments of Section 726, ‘““Roadside Materials.” 

211.02.02 Topsoil. Unless designated in the con- 
tract documents, the Contractor shall make his own 
arrangements for obtaining topsoil and he shall pay all 
costs involved. Topsoil shall be transported directly from 
the source to final position unless otherwise permitted. 
Topsoil shall not be obtained from an area known to have 
noxious weeds growing in it. 

Prior to removal of topsoil from the source, the Con- 
tractor shall contact the County Weed Control Agency or 
the State Quarantine Officer for the inspection and 
destruction of injurious and noxious weeds. Topsoil that 
has been treated with herbicides or sterilents shall be 
tested by the Nevada State Department of Agriculture to 
determine the residual! in the soil. 

211.02.03 Seed. All seeds shall conform with all 
laws and regulations pertaining to the sale and shipment of 
seed required by the Nevada State Department of Agri- 
culture and the Federal Seed Act. All shipments of seed 
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shall be reported to the Nevada State Department of Agri- 
culture for inspection. Seed shall be of the varieties and 
proportions specified in the contract documents. 

211.02.04 Fertilizer. Ail fertilizer shall conform with 
all “Rules and regulations governing the registration, 
licensing and collection of license fees for commercial 
fertilizer in the State of Nevada” as required by the 
Nevada State Department of Agriculture. Commercial 
fertilizer formulation and rate of application shall be as 
specified in the contract documents. 

211.02.05 Mulch. (a) Hay or Straw. Hay or straw 
shall be acceptable to the Engineer. All shipments of hay 
or straw shall be reported to the Nevada State Depart- 
ment of Agriculture for inspection. Hay or straw delivered 
to the project shall meet the requirements of the Nevada 
State Department of Agriculture. Rate of application shall 
be as specified in the contract documents. 

(b) Wood Cellulose Fiber. Wood cellulose fiber shall 

be manufactured in such a manner that after addition and 
agitation in slurry tanks with fertilizers, grass seeds, water, 
and other improved additives, the fibers in the material 
will become uniformly suspended to form a homogeneous 
slurry. When hydraulically sprayed on the ground, the 
material shall be uniformly impregnated with grass seed. 
Rate of application shall be as specified in the contract 
documents. 

211.02.06 Asphalt Emulsion. Asphalt emulsion used 
as a tie-down for mulch shall be as described in the con- 

tract documents. 

CONSTRUCTION 

2211.03.01 Preparation. Excavation slopes shall be 
thoroughly cultivated to the depth shown in the contract 
documents, after which topsoil, if required by the contract, 
shall be uniformly spread to an approximate thickness of 
two (2) inches, the exact thickness will be determined by 
the Engineer. 
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Cultivation of embankment slopes and covering with 
topsoil will not be required unless specified in the contract 
documents or ordered by the Engineer. If cultivation of 
embankment slopes and covering with topsoil is ordered 
by the Engineer, the cost of such work will be paid for as 
extra work as provided in subsection 104.03, “Extra 
Work.” 

Cultivation shall not be performed until all equipment 
is through working in the area, except equipment required 
to cultivate the area and spread topsoil. 

After cultivation and prior to seeding, all rocks six (6) 
inches in smallest dimension and larger shall be removed 
from all slopes to be seeded and disposed of as approved 
by the Engineer. 

211.03.02 Placement of Topsoil. Topsoil shall be 
evenly spread over the specified areas to the depth shown 
on the plans unless otherwise approved by the Engineer. 
After the topsoil has been spread, all large clods, hard 
lumps, rocks, and litter shall be raked up, removed, and 
disposed of by the Contractor. 

Topsoil shall not be placed when the ground or topsoil 
is frozen, excessively wet, or, in the opinion of the Engi- 

neer, in a condition detrimental to the work. 

All damage occurring to existing roadbeds, shoulders, 
walks, curbs, or other existing adjacent structures or areas 
due to the Contractor’s operation in hauling and placing 
the topsoil shall be repaired by the Contractor at his own 
cost and expense. 

211.03.03 Compaction. All topsoil shall be com- 
pacted unless otherwise specified or approved by the Engi- 
neer. Compaction shall be by sheeps-foot roller, cleated 

' crawler tractor, or similar equipment approved by the 
_ Engineer, which will produce a minimum of one hundred 
| fifty (150) pounds per square inch ground pressure to a 
| maximum of three hundred (300) pounds per square inch 
ground pressure. Equipment shall be so designed and con- 

structed to produce a uniform rough textured surface ready 
for seeding and mulching, and which will bond the topsoil 
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to the underlying material. The entire area shall be cov- 
ered by a minimum of four (4) passes or two (2) round 
trips of the roller or approved equipment. Compaction 
equipment shall be operated parallel to the natural flow 
of water on the slopes unless otherwise approved by the 
Engineer. Conveying the roller or approved equipment up 
and down the slopes shall be by means devised by the 
Contractor, providing that the required results are obtained 
to the satisfaction of the Engineer. After compaction, the 
finished grade of the topsoil shall be one (1) inch below 
the top of all curbs, catch basins and other structures. 

If, in the opinion of the Engineer, water is required to 
condition the topsoil for compaction, it shall be imme- 
diately furnished and applied by the method and in the 
amount designated by the Engineer. 

211.03.04 Seeding and Fertilizmg. The Contractor 
shall notify the Engineer not less than twenty-four (24) 
hours in advance of any seeding operation and he shall not 
begin the work until areas prepared or designated for 
seeding have been approved. Following the Engineer’s 
approval, seeding and fertilizing of the approved slopes 
shall begin immediately. 

Seeding shall not be done during windy weather or 
when the ground is frozen. Seed and fertilizer shall be 
uniformly spread over the area at the rate and mix speci- — 
fied in the contract documents. Seed and fertilizer may be | 
sown by one of the following methods: 

(a) An approved type hydro-seeder which utilizes water 
as the carrying agent and maintains a continuous agitator 
action that will keep seed and fertilizer mixed in uniform 
distribution until pumped from the tank. Pump pressure | 
shall be such as to maintain a continuous, nonfluctuating | 
stream of solution. 

(b) Approved blower equipment with an adjustable dis- | 
seminating device capable of maintaining a constant, meas- 
ured rate of material discharge that will ensure an even | 
distribution of seed and fertilizer at the rates herein speci- _ 
fied. 
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(c) Helicopters properly equipped for aerial seeding and 
fertilizing. Helicopters so equipped shall have the follow- 
ing: 

1. Two hoppers or seed compartments each capable 
of containing a minimum of one hundred (100) pounds of 
grass seed or granular fertilizer. 

2. Power-driven, readily adjustable disseminating 
mechanisms capable of maintaining a constant, measured 
rate of distribution of grass seed or granular fertilizer. 

3. Where liquid fertilizer is furnished in lieu of dry 
granular fertilizer, the helicopter shall be equipped with 
two barrels or containers capable of containing a minimum 
of fifteen (15) gallons each. Distribution shall be by a 
spray boom of sufficient size and length, fitted with proper 
nozzles to distribute uniformly, liquid fertilizer as herein 
specified. 

(d) Approved power-drawn drills, with double-disc front 
delivery openers, and depth bands for positive depth con- 
trol. Depth control shall be set at a depth of three-fourths 
(34) inch for consistent furrow bottom placement. An 
approved deep furrow drill may be used where it is deter- 
mined the seedbed is firm and there is little danger of soil 
blowing. An approved spreader may be used for fertilizer 
placement. Drills and spreaders shall be calibrated before 
use on the project. 

Areas inaccessible to above methods of application 
shall be seeded and fertilized by approved hand methods. 
Distribution of the material shall be uniform and at the 
rates specified. 

It shall be the Contractor’s responsibility to provide 
qualified personnel experienced in all phases of the seed- 
ing and fertilizing operations, equipment, and methods as 
herein specified. 

211.03.05 Spreading Mulch. (a) Hay orStraw. Hay 
or straw mulch shall be furnished, hauled, and evenly 
applied at the rates indicated, and shall be spread by 
means of an approved type mulch spreader. The spreader 
shall produce a uniform distribution of the hay, without 
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cutting or breaking it into short stalks. Areas beyond the 
range of the mulch spreader shall be mulched by approved 
hand methods. Distribution of the material shall be uni- 
form and at the rate specified in the contract documents. 

Straw, grass hay or shredded bark, unless otherwise 

specified, shall be anchored into the soil by use of a heavy 
disc with flat serated discs approximately one-fourth (%4) 
inch thick, having dull edges and spaced no more than 
nine (9) inches apart. Anchoring shall be to a depth of two 
(2) inches, across the slope, and with no more than one 

pass of the equipment on the same surface. 
(b) Wood Cellulose Fiber. Wood cellulose fiber uti- 

lized as a mulch may be applied with seed and fertilizer 
in one operation by approved hydraulic equipment. The 
equipment shall have a built in agitation system with an 
operating capacity sufficient to agitate, suspend and homog- 
eneously mix a slurry of the specified amount of fiber, 
fertilizer, seed, and water. Distribution and discharge lines 
shall be large enough to prevent stoppage and shall be 
equipped with a set of hydraulic discharge spray nozzles 
which will provide a uniform distribution of the slurry. 

211.03.06 Applying Asphalt Emulsion. When called 
for in the contract documents, mulch material shall be 

anchored in place with asphalt emulsion as herein speci- 
fied. Asphalt emulsion shall be sprayed into the mulch as 
it leaves the blower pipe and shall be uniformly mixed 
with the mulch. Asphalt emulsion as specified shall be 
applied at the rate of two hundred fifty (250) gallons per 
acre. Any mulch disturbed or displaced following applica- 
tion shall be removed, reseeded, and remulched as speci- 
fied. 

211.03.07 Placing Jute Matting. Jute matting shall 

be unrolled and placed parallel to the flow of water 
immediately following the bringing to finished grade the 
area specified on the plans or the placing of seed and 
fertilizer. Where more than one strip is required to cover 
the given areas, they shall overlap a minimum of four (4) 
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inches. Ends shall overlap at least six (6) inches with the 
up-grade section on top. The up-slope end of each strip 
of matting shall be buried in six (6) inch slots with the 

soil firmly tamped against it. The Engineer may require 
that any other edge exposed to more than normal flow of 
water or strong prevailing winds be buried in a similar 
manner. Check slots shall be placed between the ends of 
strips by placing a tight fold of the matting at least six (6) 
inches vertically into the soil. These shall be tamped and 
stapled the same as up-slope ends. Check slots must be 
spaced so that one check slot or one end occurs within 
each fifty (50) feet of slope. 

Edges of matting shall be buried around the edges of 
catch basins and other structures as herein described. 
Matting must be spread evenly and smoothly and in con- 
tact with the soil at all points. 

Jute matting shall be held in place by approved wire 
staples, pins, spikes, or wooden stakes driven vertically 
into the soil. Matting shall be fastened at intervals not 
more than three (3) feet apart in three (3) rows for each 

strip of matting, with one (1) row along each edge and 
one (1) row alternately spaced in the middle. All ends of 
the matting and check slots shall be fastened at six (6) 
inch intervals across their width. Fastening devices shall 
anchor the matting against the soil and be driven flush with 
the finished grade. 

METHOD OF MEASUREMENT 

211.04.01 Measurement. The quantity of topsoil 
measured for payment will be the number of cubic yards 
in the haul conveyance at the point of delivery and placed 
in the work. The quantity of seeding and fertilizing and 
mulching to be measured for payment will be the actual 

_ number of acres or square yards completed and measured 
_ along the ground slope. The quantity of jute matting to be 

measured for payment will be the number of square yards 
covered and measured along the ground slope. 

All measurements will be made in accordance with sub- 
- section 109.01, ‘“Measurement of Quantities.” 
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BASIS OF PAYMENT 

211.05.01 Payment. The accepted quantity of top- 
soil measured as provided in subsection 211.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per cubic yard of topsoil which price shall include 
hauling and placing. 

The accepted quantities of seeding, fertilizing, mulching, 
and jute matting will be paid for at the contract unit price 
bid per acre or square yard as set forth in the proposal. 

The contract unit price bid for seeding shall also be 
considered full compensation for removing and disposing 
of rocks, six (6) inches in smallest dimension and larger, 
from slopes as specified in subsection 211.03.01. 

Water will be considered subsidiary to the major items 
of work and no further compensation will be allowed 
therefor. 

Asphalt emulsion will be considered subsidiary to the 
item “Mulching” and no further compensation will be 
allowed therefor. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

iL fe aT kia i teeter ee Cheha taeda Mec atts Brees oe pane ct Cubic Yard 
Seedin OUTY Peace’. ticesoce. Sentient eee eee Acre, Square Yard 
Fertilizing (type ao, ee See. eee ee Acre, Square Yard 
Mailchine (type) #.case ths iced ty eee ee Acre, Square Yard © 
Jute Matting... 2:24 cserecon 4-515 60522. EEE. Square Yard 
Age E SANIT cept Mont tenet Rath dace inivlinnd Mati oo. ah. Square Yard | 
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SECTION 212 

LANDSCAPING 

DESCRIPTION 

212.01.01 General. This work shall consist of fur- 
nishing and planting trees, shrubs, and ground covers 
where shown on the plans or established by the Engineer, 
all in accordance with specifications and accepted horticul- 
tural practices. 

MATERIALS 

212.02.01 General. ‘The materials used shall be those 
prescribed for the several items which constitute the fin- 
ished work and shall conform to the applicable require- 
ments of Section 726, “Roadside Materials.” 

212.02.02 Nomenclature. Nomenclature for plant 
names and varieties shall be in accordance with the latest 
edition of “Standardized Plant Names” as prepared by the 
American Joint Committee on Horticultural Nomenclature. 

All plant material will be classified by group as follows: 

Plants, Group A......... Denotes canned plant material 
Plants, Group B......... Denotes balled and burlapped plant material 
Plants, Group C......... Denotes ground cover 
Plants, Group D......... Denotes grass (turf) 
Plants, Group E.......... Denotes grass (meadow) 

212.02.03 Quality of Plant Materials. It is the intent 
of these Standard Specifications that all plant material meet 
the standards as set forth herein, throughout the life of the 
contract. During inspections, as set forth hereinafter, all 
plant material will be judged and rejections shall be based 
upon these standards. 

It is to be understood that when plant materials do not 
meet the standards and are rejected, that no consideration 
will be given to the possibility of survival. 

All plants shall be first-class nursery grown representa: 
tives of their normal species and shall be true to type or 
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name as shown on the plans and shall conform to the 
American Standard for Nursery Stock, No. 1 grade, Amer- 
ican Association of Nurserymen, Inc., latest edition, ASA 

Spec. Z60.1 and shall be tagged in accordance with the 
most recent standard practice recommended by the Ameri- 
can Association of Nurserymen and to the latest edition of 
Standardized Plant Names, American Joint Committee on 

Horticultural Nomenclature. 
All plants shall comply with Federal and State laws 

requiring inspection for plant diseases and infestations. 
Inspection certificates required by law shall accompany 
each shipment of plants, and certificates shall be delivered 
to the Engineer. 

In determining the quality of plant material, the follow- 
ing elements shall be valued: 

1. Root condition. 
2. Plant size (above ground). 
3. Insect and disease free condition. 
4. General appearance (color, shape, prior pruning). 

A deficiency in any one or more of these areas shall be 
sufficient reason to reject selectively or by lot. 

Grass seeds shall conform to the requirements of subsec- 
tion 211.02.03, “Seed.” 

212.02.04 Handling and Shipping. Plants shall be 
packed for shipment according to standard practice for the 
type of plant being shipped. The root system of all plants 
shall not be permitted to dry out at any time. Plants shall 
be protected at all times against heat and freezing tempera- 
tures, sun, wind, climatic, or seasonal conditions during 
transit. All plant material shall be furnished in containers 
unless otherwise specified. All plants specified balled and 
burlapped (B & B) shall at all times be handled by the ball 
of earth and not the plant. Broken or “made”’ balls will not 
be accepted. Container grown plants shall be well devel- 
oped with sufficient root development to hold the earth 
intact after removal from the container without being root 
bound. 

All Group A-1, A—5, and A-—15 plants are to be hard- 
ened material. This is to be accomplished by storing all 
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plants in the immediate area of planting for a period of not 
less than three (3) weeks prior to planting. Plants shall be 
stored in a licensed commercial nursery, or the Contractor 
may provide equivalent storage and care with written 
approval of the Engineer. 

Prior to moving plants from nursery or storage area to 
jobsite, they shall be thoroughly sprayed with a solution of 
an anti-desiccant/anti-transpirant which will meet the 
requirements set forth in the special provisions. 

212.02.05 Inspection of Plant Material. The Con- 
tractor shall inform the Engineer, as soon as practical, of 
the source of plant material for the project. At the Engi- 
neer’s option an inspection of all plant materials at the 
source may be required prior to shipping of plants from 
the nursery. This inspection shall coordinate the judgment 
areas regarding size and quality of plant material between 
the Highway Department, the Contractor and the nursery. 
However, there will be no acceptance of any plant material 
during this inspection. 

All plant material will be inspected by the Engineer on 
arrival at the storage area. This inspection shall determine 
the acceptance or rejection of the plant material based on 
quality as specified in subsection 212.02.03 “Quality of 
Plant Materials.” This inspection is for quality of plant 
material only and does not constitute final acceptance. 
Plants which are rejected shall be immediately removed 
from the holding area and replaced by the Contractor at 
his expense. 

All plant material will be continually inspected by the 
Engineer from the time of arrival at the holding area, dur- 
ing planting and through the plant establishment period. 
Plants may be individually rejected during this time based 
on mechanical damage, quality or physical change of the 
plant which is not normal to the plant or to the season of 
the year. Plants which are rejected shall be immediately 
removed from either the holding area or the project and 
replaced by the Contractor at his expense. 

212.02.06 Substitution of Plants. No substitution of 
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plant material will be permitted unless evidence is submit- 
ted in writing to the Engineer that a specified plant cannot 
be obtained and has been unobtainable since the award of 
the contract. If substitution is permitted, it can be made 
only with written approval by the Engineer. The nearest 
variety, size, and grade as approved by the Engineer shall 
then be furnished. 

212.02.07 Temporary Storage. Plant material deliv- 
ered and accepted shall be planted immediately. Plants that 
cannot be planted within one (1) day after arrival shall be 
““heeled-in” in accordance with accepted horticultural prac- 
tice, and as follows: 

(a) Balled and burlapped plants shall have the root ball 
protected by moist earth, sawdust, or other acceptable 
material. 

(b) Canned plants shall be placed in and under shelter 
and kept moist. 

Plants stored under temporary conditions shall be pro- 
tected at all times from extreme weather conditions, and 
shall be kept moist. 

212.02.08 Topsoil. Topsoil shall conform to the 
applicable requirements of Section 726, “Roadside Mate- 
rial. 99 

212.02.09 Lumber. Lumber for. header boards and 
plant boxes shall conform to the requirements of Section 
718, “Timber.” 

CONSTRUCTION 

- 212.03.01 Site Preparation. This work shall consist 
of all work necessary, as set forth in the contract docu- 
ments, such as roadway construction, drainage facilities, 
grading, cleaning, etc., to prepare the area for the actual 
landscaping work. All work as set forth herein shall be 
completed and approved by the Engineer prior to begin- 
ning any preparation of the planting areas. 

' 212.03.02 Layout of Planting. The Contractor will 
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designate, by means of stakes or other approved markings, 
the ground location of each random placed plant. Areas of 
massed or uniform solid plantings shall be marked at their 
outer extremes only. The Engineer’s approval of plant 
stakeout will be required prior to the commencement of the 
preparation of planting areas. 

_ In mixed planting areas, trees shall be planted first, fol- 
lowed by the larger shrubs, low shrubs, and the final plant- 
ing of ground covers. 

212.03.03 Preparation of Planting Areas. During the 
preparation of planting areas, all clods, rocks, or other 
debris over one (1) inch in largest dimension shall be 
removed from both cultivated areas and backfill material, 
and disposed of as directed by the Engineer. In addition 
thereto, the following requirements will apply: 

(a) Planter Boxes. Backfill material shall consist of one 
(1) part humus to three (3) parts topsoil by volume. This 
material shall be thoroughly and uniformly mixed before 
placing in the planter boxes. After placing in the planter 
box, the material shall be watered until it is completely 
saturated. Sufficient backfill mixture shall be added and 
adequately wet so that after settlement has taken place, the 
material is approximately two (2) inches below the top of 
the box. 

(b) Planting Beds. The soil preparation shall not be ini- 
tiated until after all grading has been completed and the 
irrigation system has been installed, tested, adjusted, and 
accepted by the Engineer. The ground surface within the 
area shall then be loosened and thoroughly pulverized to a 
depth of six (6) inches. When required, humus, commer- 
cial fertilizer, and other additives shall be incorporated at 
the rate specified in the contract documents, and shall be 
thoroughly and uniformly tilled into the soil to a depth of 
six (6) inches. The area shall then be brought to a plane in 
conformance to the elevations shown on the plans. The 
area to be planted shall then be consolidated with approved 
cultipackers or rollers. 

_ (c) Seed Beds. The soil preparation shall be the same 
as specified for planting beds. 
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(d) Planting Holes. Prior to drilling holes, the pro- 
posed location of the irrigation lines shall be designated by 
means of stakes or other approved markings. In the event 
of conflict between individual planting holes and irrigation 
lines, the planting holes in question shall be drilled prior 
to installing the irrigation lines. 

All holes shall be drilled with a power auger to the 
dimensions specified in the contract documents unless 
otherwise approved by the Engineer. Holes shall be drilled 
at the location of each individual plant, the stake or mark- 
ing being considered the center of the hole. The holes shall 
have vertical walls and horizontal bottoms. 

When required, humus, commercial fertilizer, and other 
additives shall be incorporated at the rates specified in the 
contract documents and shall be thoroughly and uniformly 
mixed with the material removed from the holes prior to 
backfilling. After backfilling the holes, the material shall be 
saturated with water to the full depth of the hole and until 
ponding appears in the basin. Sufficient backfill material 
shall be placed so that after planting and settlement has 
taken place, the basin will conform to the section as shown 
in the plans. 

(e) Planting Trenches. Trenches shall be excavated to 
the dimensions specified in the contract documents and 
shall be centered on the planting line as staked or otherwise 
marked. 

When required, humus, commercial fertilizer, and other 
additives shall be incorporated at the rates specified in the 
contract documents and shall be thoroughly and uniformly 
mixed with the material removed from the trenches prior 
to backfilling. After backfilling the trenches, the material 
shall be saturated with water to the full depth of the trench. 
Cross checks may be formed as necessary to permit pond- 
ing of water during the saturation period but must be 
removed prior to planting. Sufficient backfill material shall 
be placed so that after planting and settlement has taken 
place, the basin will conform to the section as shown in the 
plans. 

212.03.04 Planting. No planting shall be done in any 
area until the Contractor has received from the Engineer a 
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written statement that the area concerned has been satis- 
factorily prepared as provided in subsection 212.03.03, 
“Preparation of Planting Areas.” 

No more plants shall be distributed within the project 
area on any one day than can be planted and watered on 
that day. 

Any planting done in soil that is too wet or too dry or 
not properly conditioned as provided herein will not be 
accepted. No payment will be made for such planting and 
any further planting work will be suspended until the Con- 
tractor has complied in every way with the specifications. 

(a) Plants (Group A). Nursery stakes supporting plants 

in containers shall be removed and the plants properly 
pruned as specified herein. 

Containers shall be cut, at least twice, from top to bot- 

tom and plants shall be removed from the containers in 
such a manner that the ball of earth surrounding the roots 
is not broken and they shall be planted and watered as 
hereinafter specified immediately after removal from the 
containers. Containers shall not be cut prior to delivery of 
the plants to the planting areas. 

(b) Plants (Group B). Balled and burlapped material 
shall have all strings or cords cut, and the burlap shall be 
laid back from the top half of the ball. This shall be done 
only after the plant is placed in its final position and 
before completion of the backfill. 

(c) Plants (Group C). As soon as each plant is removed 

from its container, it shall be planted in the prepared plant- 
ing bed, in a hole previously prepared with a broad, blunt 
end trowel. The plant shall be carefully lifted with the 
trowel, inserted in the hole, and the earth shall be gently 
firmed around it to eliminate air pockets. 

Plants brought to the jobsite in plastic or clay pots shall 
be tapped loose from their containers in such a manner 
that the ball of earth surrounding the roots is not broken, 
and then immediately planted. Plants which are brought to 
the jobsite in peat pots may be planted in the pots, pro- 
vided the peat fiber is thoroughly wet. Plants which are 
brought to the jobsite in other cellulose fiber pots shall 
have the pots carefully removed by tapping or peeling 
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before planting. No plants brought to the jobsite in flats, 
pony packs, or bare root will be accepted. 

Plants shall be watered as hereinafter specified immedi- 
ately after planting. 

Roots of plants not in containers shall be kept moist and 
covered at all times and shall not be exposed to the air 
except while actually being placed in the ground. 

Plants shall be set in a plumb position in the backfill 
mixture material to such a depth that, after the soil has set- 
tled, the top of the plant ball will be level with the finished 
grade. 

Plants shall be planted in such a manner that the roots 
will not be restricted or distorted. Soil shall not be com- 
pacted around the roots or ball of the plant during or after 
planting operations. Any plants which have settled deeper 
than specified in the above paragraph shall be raised back 
to the required level, or replaced, at the option of the Con- 
tractor. 

(d) Plants (Group D). The seedbed shall be in a moist 
friable condition when seeding is begun. Seeding shall be 
done as soon as soil conditions allow after the initial water- 
ing of the amended soil. Seeding done in soil that is too wet 
or too dry, or in a condition not generally accepted as sat- 
isfactory for lawn seeding will not be accepted. No pay- 
ment will be made for seeding when the soil condition is 
considered unsatisfactory and any further seeding work will 
be suspended until the Contractor has complied in every 
way with these provisions. 

Seed shall be sown from standard mechanical grass seed- 
ing equipment with adjustable gate, as appropriate to the 
area, and at the rate shown on the plans. After sowing, the 
seed shall be covered by light raking or dragging and 
seeded areas compacted by rolling. The Contractor shall 
exercise care to avoid leaving any footprints or other 
depressions in the compacted seedbed. 

Humus mulch shall be evenly applied immediately 
after the seedbed has been compacted, with manure 
spreaders, mulch blowers or other approved equipment. 
Humus shall be spread at the rate of one (1) cubic yard per 
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thousand (1,000) square feet. As soon as mulch is in place, 
the surface of the seedbed is to be dampened with a fine 
spray from a nozzle until the mulch is thoroughly moist. 

(ec) Plants (Group E). The seedbed shall be in a moist, 
friable condition when seeding is begun. Seeding shall be 
done as soon as soil conditions allow after the initial water- 
ing of the amended soil. Seeding done in soil that is too 
wet or too dry, or in a condition not generally accepted as 
satisfactory for lawn seeding will not be accepted. No 
payment will be made for seeding when soil condition is 
considered unsatisfactory and any further seeding work 
will be suspended until the Contractor has complied in 
every way with these provisions. 

Seed shall be sown from standard mechanical grass seed- 
ing equipment with adjustable gate, as appropriate to the 
area, and at the rate shown on the plans. After sowing, the 
seed shall be covered by rolling. The Contractor shall exer- 
Cise care to avoid leaving any footprints or other depres- 
sions in the compacted seedbed. 

212.03.05 Staking and Guying. All staking and guy- 
ing shall be done concurrently with the planting operation. 

(a) Staking. Plants which are to be staked will be spec- 
ified in the contract documents. 

The size, number of stakes, and the depth to be driven 
shall be as specified in the contract documents, or as 
approved by the Engineer. 

The stakes shall be placed against but not through the 
plant ball in the case of Plants (Groups A and B). 

(b) Tree Ties. The method of attaching the ties to 
stakes and trees shall provide firm connection, as shown in 
the plans, or as approved by the Engineer. It may, on 
occasion, as determined by the Engineer, be considered 
necessary to use No. 10 gage galvanized wire encased in 
at least one-half (‘2) inch black rubber hose as tree ties, 

in which case all connections shall be twisted. 
(c) Guying. Plants which are to be guyed will be 

specified in the contract documents. 
All guying shall be done as specified in the contract 

documents or as approved by the Engineer. 
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212.03.06 Pruning. Pruning shall be done as deter- 
mined by the Engineer before plant materials are brought 
to the jobsite and pianting areas. 

Pruning of evergreen coniferous plants will not be per- 
mitted except under the direction of the Engineer. 

Removal of dead leaves from ground cover plants shall 
be done before these plants are brought to the planting 
areas. 

212.03.07 Watering. If water is available from a 
new or existing State-owned irrigation system within the 
limits of the project, it may be obtained from such system 
free of charge. Where water is not available from such 
State-owned facility, the Contractor shall make his own 
arrangements for furnishing and applying water and he 
shall pay all costs involved. 

Valves at meters shall be kept closed at all times, 
except while the irrigation system is actually in use. 

Precautions shall be taken during times when the irri- 
gation system is on to prevent water from wetting vehicles, 
pedestrians, and pavement. Any erosion, slippage, or set- 
tlement of the soil caused by watering shall be repaired 
by the Contractor at his expense. 

Compliance with the provisions in this section shall not 
relieve the Contractor of his responsibility for his replace- 
ment of plants as provided hereinafter. 

(a) Plants (Groups A and B). All plants shall be 
watered immediately after planting. Water shall be applied 
in a moderate stream until the backfill soil around and 
below the roots or ball, or earth around each plant, is 

thoroughly saturated. Where watering is done with a hose, 
a metal or plastic pressure reducing device approved by 
the Engineer shall be used. Under no circumstances shall 
the full force of the water from the open end of a hose be 
allowed to fall within the basin around any plant. 

After the first watering, water shall be applied to all 
plants as often and in sufficient amount as conditions may 
require to keep the soil set above, around, and below the 
root systems of the plants during the life of the contract. 
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After the installed irrigation system has been Repeal, it 
may be used to water the planted area. 

Any additional watering measures required to initially 
saturate the backfill, water the plants immediately after 
planting, or to maintain the plants in a satisfactory grow- 
ing condition shall be anticipated and furnished by the 
Contractor at his expense. 

(b) Plants (Group C). As soon as all the perennials in 

a given area have been planted, water shall be applied to 
that area in a fine mist from an atomizing nozzle until the 
entire planting bed is saturated. This initial watering shall 
not be done with the installed irrigation system. 

After the first watering, water shall be applied to the 
areas as often and in sufficient amount as conditions may 
require to keep the soil wet above, around, and below the 
root systems of the plants during the life of the contract. 

(c) Plants (Groups D and E). The seedbeds shall be 
kept in a moist but not soggy condition until after germi- 
nation. After germination, water shall be applied to the 
areas as often and in sufficient amount as conditions may 
require during the life of the contract. 

The installed turf irrigation system may be used to 
water those areas as long as care is taken to prevent erosion 
or other damage to the area. However, should the irriga- 
tion system prove to be unsatisfactory, other means of 
watering, as approved by the Engineer, shall be used until 
germination is complete and ail grass has attained a height 
of one (1) inch. After a uniform stand of grass which has 
attained a height of one (1) inch has been achieved over 

the entire turf area, the installed turf irrigation system may 
be used to keep the area moist. 

212.03.08 Replacements. (a) Plants (Groups A, B, 

and C). During the planting and plant establishment 
period of the project, all plants that show signs of failure 
to grow normally or which are so injured or damaged as 
to render them unsuitable for the purpose intended, as 

determined by the Engineer, shall be removed and replaced 
in kind. The Engineer will inspect the work on the first 
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or second working day of each week during the plant- 
ing and plant establishment periods, and will mark or 
otherwise indicate all plants to be replaced. The Con- 
tractor shall complete replacement of such plants as soon 
as possible, but in no case shall the Contractor take more 
than two (2) weeks to complete the replacement. 

Plants required to replace plants shall be furnished 
and planted by the Contractor at his expense. 

(b) Plants (Groups Dand E). The Engineer will inspect 
the turf at the time of the second cutting and the meadow 
area when the grass has reached a height of approximately 
two (2) inches and will designate any areas which need 
reseeding. Seed used for reseeding shall be the same types 
and amounts as specified for the initial planting and shall 
be planted in accordance with the contract documents or 
as directed by the Engineer. The cost of the seed and actual 
reseeding shall be borne by the Contractor. 

212.03.09 Fertilizers and Additives. When fertilizers 
or additives are called for, they shall be applied at the 
rates and as specified in the contract documents or as 
approved by the Engineer. 

212.03.10 Protection of Existing Facilities. Any 
existing buildings, equipment, piping, pipe covering, sprin- 
kling systems, sewers, sidewalks, landscaping, utilities, 
roadways, or any other improvement of facilities damaged 
due to the Contractor’s operations shall be repaired or 
replaced by the Contractor at his expense as directed by 
the Engineer. 

212.03.11 Plant Establishment Work. This work 
shall consist of watering and caring for all of the plants 
and planting areas, the replacement of plants, the weeding 
and general maintenance as specified in the contract docu- 
ments. 

The plant establishment period shall begin at such time 
as all planting has been accomplished and all other work 
has been completed and the project is in a neat and clean 
condition. 
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The length of the plant establishment period shall be as 
specified in the contract documents. 

The Engineer will notify the Contractor in writing of 
the start of the plant establishment period and will furnish 
statements regarding days credited to the plant establish- 
ment period after said notification. 

The time required for plant establishment work shall be 
considered as included in the total time limit specified 
for the contract. Any day upon which no work is required, 
as determined by the Engineer, will be credited as one of 
the plant establishment days regardless of whether or not 
the Contractor performs plant establishment work. 

Any day when the Contractor fails to adequately water 
plants, replace unsuitable or damaged plants, do weed 
control, adjust or replace bracing and ties, or other work, 
as determined necessary by the Engineer, will not be 
credited as one of the plant establishment days. No exten- 
sion of contract time will be granted beyond the final 
completion date by reason of failing to perform plant 
establishment work on days when such work is necessary. 

All plants shall be kept watered as provided in “Water- 
ing” in these Standard Specifications. 

Surplus earth, papers, trash, and debris, which accumu- 
late in the planted areas shall be removed and disposed of 
in accordance with the provisions in subsection 107.14, 
“Disposal of Material Outside the Highway Right of Way,” 
and the planted areas shall be so cared for as to present a 
neat and clean condition at all times. 

During the plant establishment period, trees and shrubs 
shall be pruned or headed back by the Contractor at his 
expense, when and as directed by the Engineer. 

In order to carry out the plant establishment work the 
Contractor shall furnish sufficient men and adequate equip- 
ment to perform the work during the plant establishment 
period. 

METHOD OF MEASUREMENT 

212.04.01 Measurement. The quantity of materials 
and work measured for payment will be materials and work 
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complete and in place. The various items will be measured 
in the manner and by the unit as follows: 

(a) Site preparation will be measured by the acre. 
(b) Topsoil will be measured by the cubic yard in the 

hauling vehicle at the jobsite. 
(c) Preparing soil (plant boxes) will be measured by the 

square foot. 
(d) Preparing soil (plant bed) will be measured by the 

square foot. 
(e) Fertilizer will be measured by the pound determined 

by marked quantities and sack count, by the ton, by each 
stick or pellet, or by the gallon, all as designated in the 
proposal. 

(f) Humus will be measured by the cubic yard in the 
hauling vehicle at the jobsite or by the cubic yard deter- 
mined by marked quantities and sack count. 

(g) Mulch will be measured by the cubic yard in the 
hauling vehicle at the jobsite or by the cubic yard deter- 
mined by marked quantities and sack count. 

(h) Hole preparation will be measured by the actual 
number of holes prepared. 

(i) Trench preparation will be measured by the linear 
foot and the depth and width of the trench will be desig- 
nated in the contract documents. 

(j) Tree rings will be measured by the number of rings 
used in the work. Each size will be considered separately 
and so designated in the proposal. 

(k) Mowing strips will be measured by the number of 
linear feet along the top of the strip. 

(1) Planter boxes will be measured by the number of 
boxes placed on the project that conform to the sizes 
specified in the contract documents. 

(m) Header boards will be measured by the thousand 
foot board measure (Mfbm). 

(n) Plants in Groups A through C will be measured by 
the number of plants in each group. 

(o) Plants in Groups D and E inclusively will be meas- 
ured by the square foot in place, with each group con- 
sidered separately. 
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(p) The unit of measure for plant establishment work 

will be lump sum. 
All measurements will be made in accordance with 

subsection 109.01, ‘““Measurement of Quantities.” 

BASIS OF PAYMENT 

212.05.01 Payment. The accepted quantities for 
items of this section measured as provided in subsection 
212.04.01, “Measurement,” will be paid for at the con- 

tract unit price bid for the type, size, group, or whatever 
information is necessary for identification, and so identified 
in the proposal. Such payment shall be full compensation 
for all the labor, materials, and incidentals necessary to 

complete the work. 
Water will be considered subsidiary to the major items 

of work and no further compensation will be allowed 
therefor. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 
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SECTION 213 

IRRIGATION SYSTEMS 

DESCRIPTION 

213.01.01 General. This work shall consist of fur- 
nishing all materials and labor required to install an irriga- 
tion system in accordance with these specifications and the 
details shown on the plans. The irrigation system as shown 
on the plans is diagrammatic only, the various components 
of the system shall be installed so as to provide complete 
and adequate coverage of the areas to be irrigated. 

This work shall also consist of furnishing and installing . 
asbestos cement pipe conduit for future irrigation systems 
as shown on the plans and as specified herein. 

MATERIALS 

213.02.01 General. All -materials and equipment 
incorporated in the irrigation system shall be new, undam- 
aged, of standard quality and shall be subject to testing as 
specified herein. The materials used shall be those pre- 
scribed for the several items which constitute the finished 
work and shall conform to the applicable requirements of 
Section 726, “Roadside Materials.” 

The Contractor shall submit three sets of brochures or 
shop drawings for each accessory or fixture, and each item 
of hardware or equipment he intends to use, prior to order- 
ing these items. Brochures shall-contain pertinent dimen- 
sion, finish, installation, and maintenance data necessary for 

the proper placement or use of each item. If approved as 
appearing to meet specification and building requirements, 
one set of brochures for the item will be returned to the 
Contractor stamped “Approved.” Installation of items 
noted above will not be allowed if pertinent brochures have 
not been approved unless otherwise approved by the Engi- 
neer. The approval of a brochure does not constitute final 
approval of the item. The Engineer reserves the right. to 
reject any work, material or item that does not conform to 
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213 IRRIGATION SYSTEMS 

the requirements of the plans or specifications as set forth 

herein even though the pertinent brochure may have been 
approved. 

213.02.02 Pipe and Fittings. Pipe and pipe fittings 
shall conform to the requirements of subsection 726.03.09, 
“Pipe and Fittings.” 

Asbestos cement pipe conduit shall be bedded and back- 
filled with sandy material as shown on the plans. Material 
used for bedding and backfilling of asbestos cement pipe 
conduit shall consist of natural sand or a mixture of sand 
with gravel, crushed gravel, crushed stone, or other broken 

or fragmented. material to fill the voids in the coarser mate- 
rial. In addition thereto, the material shall conform to the 

following requirements: 
Percentage by Weight 

Sieve Sizes Passing Sieve 

¥%"” 100 

No. 200 0-15 

213.02.03 Control Tubing. Tubing and fittings shall 
be capable of withstanding a three hundred (300) p-s.i. 
operating pressure, and shall be of the size indicated on the 
plans. 

213.02.04 Automatic Controllers. When called for 
on the plans, the Contractor shall furnish and install on a 
concrete base, automatic controllers as herein specified. 
They shall be an electrically timed device for automatically 
opening and closing control valves for predetermined peri- 
ods of time and mounted so that all normal adjustments 
will be conveniently located for use by the operator. Con- 
trollers shall be enclosed in a weatherproof metal housing 
with hasp and lock or locking device. All locks or locking 
devices shall be master keyed and three (3) sets of keys 
provided. Operating features shall include the following: 

(a) Each valve in the circuit shall be adjustable for set- 
ting to remain open for any desired period of time—from 
five (5) minutes or less to at least thirty (30) minutes. 
_(b) The controller shall operate on 110-117 volts and 
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shall be equipped with a circuit breaker or fuseable con- 
nection to protect the controller from overloads. 

(c) The controller shall have a master on-off switch to 
turn all stations off without disturbing the clock settings or 
automatic timing sequences. 

(d) Controls shall allow any position to be operated man- 
ually both on or off whenever desired. 

(e) Controls shall provide for resetting the start of the 
irrigation cycle at any time and advancing from one posi- 
tion to another. | 

213.02.05 Sprinkler Heads. Sprinkler heads shall be 
of the type, pattern and coverage shown on the plans. 

Soaker valves shall be constructed of polyvinyl chloride 
(PVC) and shall be of the configuration and dimension 
shown on the plans. Soaker valves shall be of a make and 
type of construction so that they may be installed directly 
in the flexible plastic pipe supply line, and shall have no 
external working parts. Each soaker valve shall be capable 
of being adjusted to deliver one to three (1-3) gallons per 
hour at ten (10) to twenty (20) p.s.i., final adjustment shall 
be as determined by the Engineer. Adjustment shall be 
accomplished with a seven-sixteenths (%.) inch socket 

wrench. 

213.02.06 Valve Protection Sleeves. Concrete valve 
protectors shall be precast reinforced Portland cement con- 
crete sleeves with a cast-iron lid of the dimensions shown 
on the plans. Concrete shall be Class D made with Type II 
cement. Valve protectors shall have extensions as necessary 
to reach the depth indicated. Extensions shall be made of 
the same materials as the valve protectors. Valve protectors 
and extensions may be the product of commercial produc- 
ers upon prior approval of the Engineer. 

213.02.07 Gate Valves. Valves two and one-half 
(212) inches and smaller shall be of the same size as the 
pipes on which they are placed unless otherwise indicated 
on the plans. Service rating for nonshock cold water shall 
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213 IRRIGATION SYSTEMS 

be two hundred (200) p.s.i. These valves shall be all 
bronze, split wedge type, with rising stem and union bon- 
net. Packing shall be teflon impregnated asbestos and the 
valve shall be capable of being repacked under pressure. 
Handwheels shall be malleable iron. Valves two and one- 
half (242) inches and smaller shall be the threaded type 
and installed with a union on either side of the valve. 

Gate valves three (3) inches and larger shall be iron 
body, bronze mounted, double disc, parallel seat type with 
“O” ring seal and shall comply with AWWA standards. 
These valves shall have a working pressure of two hundred 
(200) p.s.i. and a test pressure of four hundred (400) p.s.i. 
A shut-off rod, six (6) feet in length that will fit a two (2) 
inch wrench nut, shall be furnished by the Contractor. 

_ 213.02.08 Control Valves. Manual control valves 
shall be straight or angle pattern globe valves of all brass 
or bronze construction with replaceable compression disks. 
Manual control valves shall be of the same size as the 
pipes on which they are placed unless otherwise indicated 
on the plans, and shall be provided with a union connec- 
tion. Manual control valves shall be capable of withstand- 
ing a cold water working pressure of one hundred fifty 
(150) p.s.i. 

Electric control. valves shall be of the diaphragm type, 
normally. closed; 24-volt, 60-cycle. The valve solenoids 
shall operate with 18-30 volts of power. The solenoid 
shall be completely encapsulated for positive waterproof- 
ing. The valve body and bonnet shall be of. cast brass or 
bronze, flange or threaded type. If threaded type is used it 
shall be provided with a union connection. The time 
interval between opening and closing the valve shall not 
be less than five (5) seconds. The solenoid plunger shall 
be spring loaded so the valve may operate when installed 
in any position and shall be constructed of stainless steel 
with neoprene seat. Valve bonnet shall have a bleed screw 
for manual operation and a manual flow control adjust- 
ment. Electric control valves shall be capable of with- 
standing a nonshock cold water working pressure of one 
hundred fifty (150) p.s.i. 
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IRRIGATION SYSTEMS 213 

213.02.09 Quick Coupler Valves. The quick coupler 
valve shall be of brass or bronze construction with three- 
fourths (34) inch F.I.P. bottom connection. The valve 
shall be of two (2) piece construction with removable 
upper body. The valve body shall be designed with a single 
slot to receive a single slot coupler. 

The three-fourths (34) inch male and one-half (12) inch 
female I.P.S. coupler for the quick-coupler valve shall be 
single slot of bronze construction. 

213.02.10 Valve Boxes. Valve boxes shall be rein- 
forced precast Portland cement concrete boxes of the gen- 
eral dimensions shown on the plans with a steel lid. Class 
D concrete made of Type II Portland cement shall be 
used. Valve boxes shall have extensions as necessary to 
reach the depth indicated. Valve boxes may be the product 
of commercial producers and may be used upon prior 
written approval of the Engineer. Extensions shall be of 
the same material as the concrete valve box. 

213.02.11 Backflow Preventers. Backflow preventers 
shall meet the requirements of the governing agency con- 
cerned. Each backflow preventer shall be equipped with a 
gate valve at each end of the backflow prevention unit. 
Three (3) inch and larger valves shall be flanged type, iron 
body, brass trimmed, wedge gate valves with nonrising 
stem, and shall be capable of withstanding a cold water 
working pressure of two hundred (200) pounds per square 
inch. Two and one-half (2172) inch and smaller valves shall 
be as specified above, except they shall be screwed type 
and shall be installed with a union between each valve 
and the backflow prevention unit. Backflow preventers and 
valves shall be the size shown on the plans. 

It will be the responsibility of the Contractor to deter- 
mine the requirements of the governing agency in regard 
to the type and detail of backflow prevention required. 

For purpose of payment the valves required to be 
installed at each end of the backflow prevention unit and 
all fittings between such valves required for proper installa- 
tion shall be considered as a part. of. the backflow pre- 

venter. Ao ae ay kt | 
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213.02.12 Drain Valves. Automatic ball check drain 
valve shall be of precision machined brass with a threaded 
keeper rather than a crimped type at the inlet end. Ball 
checks shall be spring loaded and shall close under a 
pressure of two (2) to four (4) p.s.i. Valves shall be 
installed with a gravel sump as shown on the plans. 

The gravel to be used in gravel sumps for ball check 
drain valves shall conform to the requirements for Size 
No. 67 as specified in subsection 706.03.01 of the Stand- 
ard Specifications. 

213.02.13 Hose Bibs. The hose bib shall be a no- 
freeze burial type hydrant with a self-closing handle and 
shall have three-fourths (34) inch male I.P.S. threads at 
the supply line end. 

213.02.14 Vacuum Breakers. When called for in the 
contract documents or as required by local ordinances, 
vacuum breakers meeting the following requirements shall 
be furnished and installed. All vacuum breaker installa- 
tions are subject to inspection by authorized county or 
municipal authorities. 

Atmospheric vacuum breakers shall have all bronze 
bodies and be of the same dimension as the pipe on which 
it is attached. Design shall permit free flow of water under 
pressure. When vacuum conditions exist it shall auto- 
matically close the check valve stopping all flow of water 
and admit air into the main line. Upon restoration of water 
pressure the air intake shall be shut off and the check 
valve reopened without spillage. Unless otherwise specified, 
the vacuum breaker shall be installed on the discharge 
side of the control valve six (6) inches above the highest 

sprinkler head on the line. Vacuum breakers shall not be 
required on sprinkler lines when all sprinkler heads on 
the line are elevated to a minimum of six (6) inches above 

the finished grade, such as sprinkler lines irrigating shrub 
beds. Atmospheric vacuum breakers shall have a service 
rating of one hundred fifty (150) p.s.i. for nonshock cold 

water and shall be designed for operation up to tempera- 
tures of one hundred forty (140) degrees Fahrenheit. 
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Pressure type vacuum breakers shall be installed on the 
discharge side of the meter or service connection as shown 
on the plans. Vacuum breakers shall be of heavy duty 
construction with all bronze bodies, check valves, and test 

cocks. Pressure type vacuum breakers shall be designed 
to operate under continuous pressure permitting the free 
flow of water at all times. Air intake shall be spring loaded 
to insure positive opening upon release of pressure or 
vacuum created in the supply lines. Vacuum breakers shall 
be furnished with approved check valves, inlet and dis- 
charge shut-off valves and field testing cocks. Assembly 
for various pipe sizes shall be according to local require- 
ments or as specified in the contract documents. Unless 
otherwise specified pressure type vacuum breakers shall 
have a service rating of three hundred (300) p.s.i. for 
nonshock cold water. 

All vacuum breaker installations shall meet local ordi- 

nances and plumbing requirements. 

213.02.15 Air Relief Valve. The air relief valve 
shall be designed to release air entrapped in a pipeline 
until liquid reaches the float which will rise to the seat 
and close the valve. The float shall be stainless steel rest- 
ing within a stainless steel or bronze cup. The valve body 
and flange shall be gray iron casting. The valve shall be 
one (1) inch size with screwed inlet, and shall be capable 
of withstanding pressures up to three hundred (300) p.s.i. 
‘The valve shall be fitted with a galvanized steel return 
elbow as indicated on the plans. 

CONSTRUCTION 

213.03.01 General. The Contractor shall not alter 
or change the location of pipes, valves, sprinklers, or other 
equipment as shown on the plans unless so authorized by 
the Engineer. All necessary arrangements for connecting 
to mains shall be made by the Contractor with the agency 
‘supplying the water, and such installations and equipment 
shall conform to the requirements set forth by the supply- 
ing agency. 
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213.03.02 Excavation. Trenches shall be of suffi- 
cient width to permit snaking of all plastic pipe not con- 
nected by rubber ring-type fittings. Pipe connected with 
rubber ring-type fittings shall not be snaked. The top six 
(6) inches of topsoil, when such exists, shall be kept 
separate from subsoil and shall be replaced as the top 
layer when backfill is made. Trenches shall be excavated 
with vertical sides and provided with bracing and shoring 
to be placed as designated by the Engineer. Trenches in 
rock or like material shall be excavated two (2) inches 
below the required depth and shall be backfilled to 
required depth with sand or other suitable matere free 
from rock or stones. 

213.03.03 Excavation Adjacent to Trees. Care shall 
be exercised by the Contractor when excavating trenches 
near existing trees. Where roots are two (2) inches and 

greater in diameter, except in the direct path of the pipe, 
the pipe trench shall be hand excavated and tunneled. 
When large roots are exposed they shall be wrapped with 
heavy burlap for protection and to prevent excessive dry- 
ing. Trenches dug by machines adjacent to trees having 
roots two (2) inches and less in diameter shall have the 

sides hand trimmed making a clean cut of the roots. All 
roots one-half (12) inch or greater in diameter that are cut 
and trimmed shall be treated with an approved tree wound 
dressing. Trenches having exposed tree roots shall be 
backfilled within twenty-four (24) hours unless adequately 
protected by moist burlap or canvas. 

213.03.04 Piping. All live main lines shall be a 
minimum of thirty-six (36) inches below finished grade, 
measured from the top of the pipe. Other lines shall be a 
minimum of eighteen (18) inches below finished grade, 

except flexible soaker lines which shall be four (4) inches 

below finished grade, measured from the top of the pipe. 
All water lines, except soaker lines, above thirty-six (36) 
inch depth shall be provided a means for drainage to pre- 
vent freezing. Pipes shall be sloped to drain without sags. 
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Unless otherwise specified, drain valves shall be placed 
only at the low point of all lateral or section lines. All 
live mains located under existing pavement shall be placed 
in conduits jacked under pavement unless otherwise noted 
on the plans or approved by the Engineer. Conduits shall 
be no larger than necessary to conveniently accommodate 
the pipe and fittings. Where necessary, live mains and 
control tubing may be placed in separate conduits laid 
adjacent and parallel. All jacking operations shall be per- 
formed in a manner approved by the Engineer and conduit 
run at a depth below the pavement as may be ordered. 
Where possible, mains and laterals or section piping shall 
be placed in the same trench. 

213.03.05 Jointing. All galvanized steel pipe shall 
have sound, clean cut standard pipe threads well fitted. 
All pipe shall be well reamed to the full diameter and burrs 
removed before assembly. Threaded joints shall be made 
up with the best quality pure lead paste, applied smoothly 
and evenly to the male thread only. All screwed joints 
shall be made tight with tongs and wrenches without the 
use of handle extensions. Any joints that leak shall be 
cleaned and remade with new material. Caulking or thread 
cement to make joints tight will not be permitted. 

213.03.06 Control Tubing. Copper control tubing 
shall be joined with brass or bronze screwed compression 
type fittings. Ends of tubing to be joined shall be uni- 
formly cut, burred, and flanged. Directional changes 
requiring less than a three (3) inch radius shall be made 
with ninety (90) degree ell fittings. 

213.03.07 Installation. Conduit shall be installed not 
less than one and one-half (112) feet below the curb grade 
in sidewalk areas and not less than three and one-half 
(312) feet below the finished grade in all other areas. Con- 
duit shall be installed under existing pavement by approved 
jacking or drilling methods. Pavement shall not be dis- 
turbed without the approval of the Engineer, and then only 
in the event obstructions are encountered. When permitted 
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by the Engineer, small test holes may be cut in the pave- 
ment to locate obstructions. Jacking or drilling pits shall 
be kept at least two (2) feet from pavement edge where- 
ever possible. Excessive use of water that will soften 
subgrade or undermine the pavement will not be permitted. 

Where conduit is installed in an open trench, excavation 
and backfill shall conform to the provisions in Sections 
206, “Structure Excavation,” and 207, “Backfill.” The con- 
duit shail be iaid in the trench to the lines and grades 
established by the Engineer. The bottom of the trench shall 
be graded and prepared to provide a firm and uniform 
bearing throughout the entire length of the conduit. Dur- 
ing backfilling operations, the conduit shall be rigidly 
supported so that no movement of or damage to the con- 
duit or joints will result. 

After the conduit is installed, if shown on the plans or 

specified in the special provisions, galvanized steel pipe 
shall be placed therein. 

Asbestos cement pipe conduit shall be installed as shown 
on the plans and the ends of the conduit shall be marked 
with “T” post markers and shall be capped by a non- 
permanent cap that will prevent the conduit from being 
filled. 

Where connection is made to existing supply lines, 
compression type fittings may be used. 

A backflow preventer shall be installed at each meter if 
called for on the plans. 

Where supply lines or conduits are to be installed 
through existing paved areas, the subbase, base, and pavy- 
ing removed shall be replaced with material of equal 
quality. 

All pipe shall be cut straight and true. After cutting, the 
ends shall be reamed out to the full inside diameter of 
the pipe. 

Foreign material shall be prevented from entering the 
irrigation system during installation. Immediately prior to 
assembling, all pipes, valves, and fittings shall be cleaned. 
All unattached ends of pipe, fittings, and valves shall be 
plugged or capped pending attachment of additional pipe 
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or fittings. All lines shall be thoroughly flushed out prior 
to attachment of terminal fittings. 

Before any portion of the pipeline is backfilled, water 
shall be turned into that portion of the line and maintained 
at full pressure for a period of not less than eight (8) 
consecutive hours after all air has been expelled from the 
line. Any leaks that develop in the portion of the system 
installed by the Contractor shall be repaired and all defec- 
tive materials shall be replaced by him. The pipe shall be 
plugged or capped where sprinklers are to be installed 
while making this test. The entire system shall then be 
checked for uniform and complete coverage after installing 
sprinklers. 

Nozzle lines shown on the plans immediately adjacent 
to a fence or guard railing shall be installed on the fence 
or guard railing, and those immediately adjacent to a 
curb or shoulder shall be installed three (3) feet from the 
curb or paved shoulder unless otherwise noted on the 
plans. 

All nozzle lines, except those installed on a fence or 
guard railing, shall be installed on three-fourths (4) inch 
pipe anchor posts unless otherwise shown on the plans. 

Sprinkler connections shall be installed on swing joints 
as detailed on the plans. 

All plastic irrigation pipe shall be installed and laid 
according to the manufacturer’s instructions, and as 
directed by the Engineer. Before joints of PVC plastic pipe 

are made up, the plastic pipe fittings shall be exposed to 
the same temperature for a reasonable length of time. 
Pipe shall be cut with a fine-tooth hacksaw and any burrs 
shall be removed. The outside surface of the pipe and the 

inside surface of the fittings shall be cleaned and softened 
with an approved primer, using a dauber, brush top appli- 
_ cator, or paint brush about one-half (12) the pipe diameter. 
_A light second coat of primer shall be applied to the fit- 
_ ting socket. Primer shall not be allowed to run down the 
inside of the pipe. 

| The cement solution shall be applied to the pipe and 
fitting socket with an applicator having a width of approxi- 
mately one-half (2) the diameter of the pipe, using the 

| 209 



213 IRRIGATION SYSTEMS 

proper cement for the size of pipe. Apply a full, even 
layer of cement on the pipe equal to the depth of socket. 
Flow the cement on with the applicator, do not brush it 
out to a thin paint type layer. Apply a medium layer of 
cement to the fitting socket, avoid puddling cement in 
the socket. On bell end pipe do not coat beyond the 
socket depth or allow cement to run down in the pipe 
beyond the bell. Apply a second full even layer of cement 
on the pipe. Assemble the pipe and fitting without delay, 
making certain cement is wet. Use sufficient force to 
ensure that the pipe bottoms in the fitting socket. Twist the 
pipe one-eighth (4%) to one-fourth (4%) turn as it is 
inserted. Hold the fitting and the pipe together until cement 
takes its initial set. After assembly a joint shall have a 
ring or bead of cement completely around the junction of 
the pipe and fitting. If voids in this ring are present, suffi- 
cient cement was not applied and the joint will be consid- 
ered defective. Using a rag, remove all the excess cement 
from the pipe and fitting including the ring or bead. Avoid 
disturbing or moving the joint. Handle newly assembled 
joints carefully until initial set has taken place. Recom- 
mended setting time allowed before handling or moving 
is related to temperature, type of cement, and size of pipe, 
and shall be according to manufacturer’s recommendations. 
Old or thickened cement shall be discarded and replaced. 
The male pipe thread of all threaded connections on PVC 
plastic pipe shall be coated with a joint compound or tape. 
suitable for use on plastic pipe. | 

Cement solution for flexible PVC shall be an approved 
type for joining flexible PVC to itself or to rigid PVC. 

All pipe shall be cut straight and true. After cutting, 
the ends shall be reamed out to the full inside diameter 
of the pipe. Polyvinyl chloride pipe shall be partially back- | 
filled between joints with small amounts of backfill mate- 
rial to prevent movement during the pressure test. 

213.03.08 Control Tubing Installation. Control tub- 
ing shall be placed with the main supply line. Tubing 
shall be bundled together by four wraps of friction tape’ 
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at six (6) foot intervals. Location of the bundle of con- 

trol tubing shall be to one side of the pipe, and a minimum 
of two (2) inches from any galvanized pipe. 

213.03.09 Flushing and Testing. All main supply 
lines shall be flushed completely of foreign particles before 
placing section control valves, quick-coupler valves and 
hose bibs. After flushing and when valves are in place, all 
main supply lines shall be tested at one hundred fifty (150) 
p.s.i. with valves closed. Pressure shall be maintained for 
a period of eight (8) consecutive hours. All joints showing 
leaks shall be cleaned, remade, and tested. 

After installation of section lines, the piping shall be 
completely flushed of foreign particles before attaching 
sprinkler heads and drain valves. After flushing, section 
lines shall be tested with risers capped and drain valves 
closed. The test shall be made at maximum operating 
pressure for a period of one (1) hour. Any pipe, fittings 
or joints showing leaks will not be accepted. All joints 
showing leaks shall be cleaned, remade and tested. Control 
tubing shall be tested in the manner specified hereinbefore 
for the main supply lines. Tubing shall be flushed for five 
(5) minutes before connection with the control valves. 

Automatic controllers shall be tested by actual opera- 
_ tion for a period of two (2) weeks under normal operating 

conditions. Should adjustments be required, the Con- 
tractor shall do so according to manufacturer’s direction 

and test until operation is satisfactory. 

213.03.10 Adjusting System. Before final inspection 
the Contractor shall adjust and balance all sprinklers to 
provide adequate and uniform coverage. Spray patterns 
shall be balanced by adjusting individual sprinkler heads 
with the adjustment screws or replacing nozzles to produce 
a uniform pattern. Unless otherwise specified, sprinkler 

_ spray patterns will not be permitted on pavement, walks, 
| or structures. 

1 
213.03.11 Backfill. Backfill shall not be started until 

_ all piping has been inspected, tested, and approved by the 
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Engineer, after which, backfilling shall be completed as 
soon as possible. Upon completion of all piping in the 
same trench, backfill shall be completed as specified. © 
Trenches containing control tubing shall have a three (3) | 
inch sand or sandy loam cushion free from rocks or | 
stones larger than three-eighths (%%) inch in diameter > 
placed over all control tubing. Backfill from the bottom | 
of the trench to approximately six (6) inches above the | 
pipe shall be by continuous tamping in such a manner that _ 
will not damage pipe or control tubing and shall proceed 
evenly on both sides of the pipe. The remainder of the 
backfill shall be thoroughly tamped, except that heavy — 
equipment shall not be used within eighteen (18) inches 
of any pipe. All backfill material shall be free of rocks, — 
roots, or other objectionable material. The top six (6) 
inches of the backfill shall be of topsoil material or the © 
first six (6) inches of material removed in the excavation. | 

METHOD OF MEASUREMENT 

213.04.01 Measurement. The materials to be meas- — 
ured for payment under these specifications will be listed — 
in the contract items by size, class, type, gage, or what- _ 
ever information is necessary for identification. | 

The quantity of pipe and tubing to be measured for | 
payment will be the actual number of linear feet of the type 
specified complete and in place. Pipe bends, wyes, tees, | 
and other branches will be measured along centerlines to | 
the point of intersection. | 

The quantity of sprinklers, couplers, heads, valves, — 
vacuum breakers, hose bibs, concrete valve boxes, valve | 

assemblies, riser assemblies, and faucets will be measured | 
per each of the type and size specified complete and in | 
place. 

All measurements will be made in accordance with sub- | 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

213.05.01 Payment. The accepted quantities of pipe | 
and tubing measured as specified in subsection 213.04.01, © 
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“Measurement,” will be paid for at the contract unit price 
bid per linear foot for the types and sizes specified. 

The accepted quantity of all other attachments measured 
as specified in subsection 213.04.01, “Measurement,” will 
be paid for at the contract unit price bid per each for 
the types and sizes specified. 

Payment per linear foot of conduit involved shall be 
fuil compensation for furnishing and installing pipe con- 
duit, bedding and backfilling, caps, markers, and inci- 
dentals necessary to install the conduit complete in place. 

The above payment will be full compensation for fur- 
nishing all the material and labor necessary to install the 
system. Such payment shall include excavation, backfill, 
restoring sidewalk, curb, gutter, pavement, and appurte- 
nances damaged or destroyed by construction and making 
all required tests. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Rien type) Ripe: Set). Ene SCiele gd Die tas Pe Linear Foot 
isize)i(type) faamecol attachment)yert. is ae. oes See Each 
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SECTION 301 

SELECTED MATERIAL BASE OR SURFACE 

DESCRIPTION 

301.01.01 General. This work shall consist of exca- 
vating and placing selected granular materials in one or 
more courses for base or surface in accordance with these 
specifications and in reasonably close conformity with 
the lines, grades, thicknesses, and typical cross sections 
shown on the plans or established by the Engineer. 

MATERIALS 

301.02.01 General. Material shall be as set forth 
in the special provisions. 

CONSTRUCTION 

301.03.01 Subgrade Preparation. The surface of the 
subgrade upon which the selected material is to be placed 
shall conform to the established lines and grade, shall be 
reasonably smooth and uniform and shall be compacted 
to the required density. 

301.03.02 Placing. In producing, handling, and plac- 
ing selected materials, care shall be taken to prevent segre- 
gation of the fine particles from the coarse. When the 
required compacted thickness is more than six (6) inches 
the material shall be placed in layers, none of which shall 
exceed six (6) inches in depth after compaction, except as 
provided in subsection 301.03.04, “Compaction.” 

After the material has been uniformly deposited, it 
shall be thoroughly blademixed to the full depth of the 
layer by alternately blading the entire layer to the center 
and back to the edges of the roadbed. It shall then be 
spread and finished to the required cross section. At the 
option of the Contractor, selected material may be spread 
with equipment meeting the requirements of subsection 
303.03.03, “Spreading and Finishing.” 
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301 SELECTED MATERIAL BASE OR SURFACE 

Binder material, if required, shall be incorporated either 

in the surfacing aggregate at the plant when the aggregate 
is produced, or shall be incorporated uniformly on the 

roadbed in amounts designated by the Engineer. 

301.03.03 Watering. Water shall be applied prior to 
and during all blading operations, to moisten the material 
sufficiently to prevent segregation of the fine and coarse 
particles. Water shall also be applied during the compac- 
tion and maintenance stages in sufficient amounts to attain 
compaction and prevent raveling. 

301.03.04 Compaction. Compaction shall immedi- 
ately follow the spreading operation. Where the required 
thickness is six (6) inches or less, the base course may be 

spread and compacted in one layer. However, if vibratory 
compaction equipment approved by the Engineer is used, 
and the requirement for density is complied with, the 
compacted thickness of any one layer may be increased 
to eight (8) inches. Aggregate bases, placed on road 
approaches and connections, street intersection areas, 
median strip areas, shoulder areas, and at locations which 
are inaccessible to the spreading equipment, may be spread 
in one or more layers by any means to obtain the specified 
results. 

Each layer of material shall be compacted to not less 
than ninety-five (95) percent of the maximum density as 
determined by Test Method No. Nev. T101. Test Method 
No. Nev. T102 or No. Nev. T103 may be used to deter- 
mine the in-place density. Test method to be determined 
by the Engineer. 

It is to be expected that a loss of density in the upper 
portions of the material may occur due to the elements, 
or for a lapse in time, or for other reasons. Recompaction 
to the specified density will be required prior to placement 
of any subsequent course and no additional compensation 
will be allowed for such recompaction. 
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SELECTED MATERIAL BASE OR SURFACE 301 

METHOD OF MEASUREMENT 

301.04.01 Measurement. The quantity of selected 
material base or surface to be measured for payment will 
be the number of cubic yards or tons complete and in 
place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

301.05.01 Payment. The accepted quantity of 
selected material base or surfacing, measured as provided 
above, will be paid for at the contract unit price bid per 
cubic yard or ton for selected material base or surface, 
which price shali be full compensation for stripping the 
pit, crushing, screening, loading, hauling, placing, com- 
pacting, and maintaining the base or surface as shown on 

the plans and as directed by the Engineer. 
All payments will be made in accordance with sub- 

section 109.02, “Scope of Payment.” 
Partial payments may be made in accordance with sub- 

section 109.06, “Partial Payments.” 

Payments will be made under: 

Pay Item Pay Unit 

merecteaaviaterial (base..5.0G. 2S ee Cubic Yard or Ton 

Selected Material Surface.............-2.2.0002.2222.-2-20---- Cubic Yard or Ton 
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SECTION 302 

AGGREGATE BASE COURSES 

DESCRIPTION 

302.01.01 General. This work shall consist of fur- 
nishing, placing, and compacting aggregate base courses 
constructed in accordance with the requirements herein- 
after set forth and in reasonably close conformity with 
the lines, grades, thicknesses, and cross sections shown on 
the plans or established by the Engineer. 

MATERIALS 

302.02.01 General. All materials shall conform to 
the requirements as set forth in the following subsections: 

Type 1 Class B Aggregate Base........................ Subsection 704.03.03 
Type 2 Class B Aggregate Base....................... Subsection 704.03.05 
Type 3 Class B Aggregate Base........................ Subsection 704.03.07 
Type 1 Class A Aggregate Base........................ Subsection 704.03.02 
Type 2 Class A Aggregate Base........................ Subsection 704.03.04 
Type 3 Class A Aggregate Base........................ Subsection 704.03.06 

Acceptance sampling will conform to the test require- 
ments as set forth in the above mentioned subsections and 

in subsection 106.04, “Samples and Tests.” 

CONSTRUCTION 

302.03.01 Subgrade Preparation. Any ruts, holes, 
defects, or soft yielding places which occur in the sub- 
grade or subbase for any cause whatsoever shall be cor- 
rected and compacted to required density and stability 
before an aggregate base course is placed thereon. The 

_ above-mentioned repairs are to be made at the expense 
_ of the Contractor, except as provided for in subsection 
203.03.02, “Unsuitable Material.” 

302.03.02 Spreading Class A Aggregates. The aggre- 
gate shall be spread in one operation with a self-propelled 
spreader ready for compaction without further shaping 
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except for trimming to correct minor deficiencies as here- 
inafter specified. The spreader shall be provided with a 
screed that strikes off and distributes the material to the 
required width and to the surface tolerances hereinafter 
set forth. The screed shall be adjustable to the required 
cross section. Screed action includes any cutting, oscil- 
lating, or other practical motion that produces a finished 
surface texture of uniform appearance. The spreader shall 
be self-propelled and capable of spreading not less than 
twelve (12) feet in width. Equipment not propelled by the 
unloading vehicle will be considered self-propelled. In 
narrow trench widenings, aggregate base course may be 
placed with self-propelled trench widening spreaders. If 
the spreader leaves ridges, indentations, or other objec- 

tionable marks that cannot be prevented by adjustments 
or eliminated by rolling, its use shall be discontinued. 

A motor grader will be considered to be a self-propelled 
mechanical spreader if it has been equipped with end 
wings on the blade, and with cross slope and automatic 
grade controls. 

Aggregate bases, placed on road approaches and con- 
nections, street intersection areas, median strip areas, 

shoulder areas, and at locations which are inaccessible 

to the spreading equipment, may be spread in one or more 
layers by any means to obtain the specified results. 

Other than previously provided in this subsection, the 
use of motor graders will not be permitted during deposit- 
ing, spreading and compacting operations, except as fol- 

lows: 

(a) Motor graders may be used to correct unavoidable 

segregation at edges and to trim the surface of the aggre- 
gate base after compaction in order to finish the base 
within the tolerances specified. 

(b) When the area of the base is small or irregular, and 
it is impractical to use self-propelled spreading equip- 
ment, the base material may be spread by motor grader or 
other approved methods. 
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302.03.03 Spreading Class B Aggregates. The aggre- 
gate shall be uniformly deposited on the approved sub- 
grade by means of the hauling vehicle with or without 
spreading devices. Aggregate will be distributed over the 
surface to the depth specified on the plans or established 
by the Engineer. 

After base course material has been deposited, it shall 
be thoroughly blade-mixed to full depth of the layer by 
alternately blading the entire layer to the center and back 
to the edges of the road. It shall then be spread and 
finished to the required cross section by means of a self- 
propelled pneumatic-tired motor grader. 

At the option of the Contractor, the aggregate may be 
spread with a self-propelled spreader with the aggregate 
ready for compaction without further shaping. If this 
option is exercised, however, the operation shall become 

subject to the requirements of subsections 302.03.04, 
“Watering and Mixing Class A Aggregates,” and 302.- 
03.02, “Spreading Class A Aggregates.” 

302.03.04 Watering and Mixing Class A Aggregates. 
|The base course material and water shall be mixed in a 
/mixer approved by the Engineer. Water shall be added 
during the mixing operation by means of spray bars in the 

amount necessary to provide the optimum moisture con- 
tent for compacting. Attention is directed to subsection 
| 210.03.01, “Equipment.” After mixing to the extent that 
| 

! 

| 

the product has a uniform homogeneous appearance, the 
base material shall be transported to the job while it con- 
tains the proper moisture content and shall be placed on 

‘the roadbed by means of an approved self-propelled 
| Aggregate spreader as provided for in subsection 302.- 
| 03.02, “Spreading Class A Aggregates.” If the material 
_has dried appreciably prior to final compacting, additional 
_water shall be added by means of a pressurized water 
_ truck to assist in compaction and to prevent raveling. 
| 

} 

302.03.05 Watering Class B Aggregates. Water shall 
_be applied prior to and during all blading and processing 
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operations to moisten the material sufficiently to prevent 
segregation of the fine and coarse particles. Water shall 
be applied during the compaction and maintenance stages 
in sufficient amounts to assist in compaction and prevent 
raveling. Reference is made to Section 210, “Watering.” 

302.03.06 Compaction. Compaction shall immedi- 
ately follow the spreading operation. Where the required 
thickness is six (6) inches or less, the base course may be 
spread and compacted in one layer. However, if vibratory 
compaction equipment of a type approved by the Engineer 
is used, and the requirement for density is complied with, 
the compacted thickness of any one layer may be increased 
to eight (8) inches. Aggregate bases, placed on road 
approaches and connections, street intersection areas, 
median strip areas, shoulder areas, and at locations which 
are inaccessible to the spreading equipment, may be spread 
in one or more layers by any means to obtain the specified 
results. Each layer of material shall be compacted to not 
less than ninety-five (95) percent of the maximum density 
as determined by Test Method No. Nev. T101. Test 
Method No. Nev. T102 or No. Nev. T103 may be used to 
determine the in-place density. Test method to be deter- 
mined by the Engineer. 

It is to be expected that a loss of density in the upper 
portions of the material may occur due to the elements, or 
for a lapse in time, or for other reasons. Recompaction to 

the specified density will be required prior to placement of 
any subsequent course and no additional compensation will 
be allowed for such recompaction. 

302.03.07 Tolerance for Type 2 Class A Aggregate. 
When a twelve (12) foot straightedge is laid in any direc- 
tion, the finished surface shall not deviate at any point 
more than 0.04 foot from the bottom thereof. 

METHOD OF MEASUREMENT 

302.04.01 Measurement. The quantity of aggregate 
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base to be measured for payment will be the number of 
cubic yards or tons complete and in place. 

The weight of material will be determined by deducting 
from the weight of material delivered to the work, the 
weight of water in excess of optimum plus one percentage 
point. Optimum moisture will be determined by Test 
Method No. Nev. T101 or No. Nev. T102 as determined 
by the Engineer. Moisture content will be determined by 
Test Method No. Nev. T112. The weight of water thus 
deducted will not be measured for payment. 

Due to possible variations in the specific gravity and 
voids of the aggregates, the tonnage used may vary from 
the proposal quantities and no adjustment in contract unit 
price will be made because of such variation. 

All measurements will be made in accordance with sub- 

section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

302.05.01 Payment. The accepted quantity of aggre- 
gate base material, measured as provided in subsection 
302.04.01, “Measurement,” will be paid for at the con- 
tract unit price bid per cubic yard or ton, for the type and 
class specified, which price shall be full compensation for 
stripping the pit, crushing, screening, mixing, hauling, plac- 
ing, compacting, and maintaining the base courses as shown 
on the plans and as directed by the Engineer. 

It is to be expected that deviations in thickness will occur 
in placing aggregate base courses. It shall be the inherent 
responsibility of the Contractor to bring the various base 
courses to the required grade line. Payment will be limited 

_ to the number of tons or cubic yards complete and in place 
and no additional payment will be made for any labor or 
equipment used in bringing the courses to grade. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Partial payments may be made in accordance with sub- 
section 109.06, “Partial Payments.” 
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Payment will be made under: 

Pay Item Pay Unit 

Type 1 Class B Aggregate Base.............02.2..2-.0.1.. Cubic Yard or Ton 
Type 2 Class B Aggregate Base....2.......:....c:..-....- Cubic Yard or Ton 
Type 3 Class B Aggregate Base.......:..............4.-:-. Cubic Yard or Ton 
Type I Class A Aggregate: Base. 2.0.3.2. aes Cubic Yard or Ton 
Type 2 Class A-Aggregate Base.....22..2..2220.10.......- Cubic Yard or Ton 
Type 3 Class A Aggregate Base....................022.-2-. Cubic Yard or Ton 
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SECTION 303 

PLANTMIX BITUMINOUS BASE 

DESCRIPTION 

303.01.01 General. This work shall consist of aggre- 
gate and bituminous material mixed in a central plant and 
spread and compacted on a prepared surface in accordance 
with these specifications and in reasonably close conformity 
with the lines, grades, thicknesses, and typical cross sec- 
tions shown on the plans or established by the Engineer. 

The requirements of Section 401, “Plantmix Bituminous 
Pavements—General,” shall be applicable to this work, 
except as hereinafter specified. 

MATERIALS 

303.02.01 General. The materials shall conform to 
the requirements as specified in subsections 401.02.01 
through 401.02.04, inclusive, of Section 401, ‘“Plantmix 
Bituminous Pavements—General.” 

CONSTRUCTION 

303.03.01 General. The construction requirements 
shall conform to the requirements as specified in subsec- 
tions 401.03.01 through 401.03.13, inclusive, of Section 
401, “Plantmix Bituminous Pavements—General,” with 

the following exceptions: 

303.03.02 Rollers. There shall be operating with 
each paver, three (3) rollers meeting the requirements of 
(a), (b), and (c) of subsection 401.03.04, “Rollers,” except 

as hereinafter noted. 
When two (2) pavers are paving in echelon within four 

hundred (400) feet of each other and each paver is placing 
not more than one hundred fifty (150) tons of bituminous 
mixture per hour, then three (3) rollers meeting the require- 
ments of (a), (b), and (c) of subsection 401.03.04, “Roll- 
ers,” may be used with both pavers. 
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303.03.03 Spreading and Finishing. Unless otherwise 
specified, bituminous plantmix base shall not be placed in 
courses exceeding four (4) inches in compacted thickness. 
When more than one course is placed, the courses shall be 
of approximately equal thickness. 

303.03.04 Surface Tolerances. The completed sur- 
facing shall be thoroughly compacted, smooth and free 
from ruts, humps, depressions, or irregularities. When a 
straightedge twelve (12) feet long is laid on the finished 
surface and parallel with the centerline of the highway, the 
surface shall not vary more than 0.02 foot from the lower 
edge of the straightedge. The transverse slope of the fin- 
ished surface shall be uniform to a degree such that no 
depressions greater than 0.02 foot are present when tested 
with a straightedge twelve (12) feet long laid in a direction 
transverse to the centerline and extending from edge to 
edge of a twelve (12) foot traffic lane. 
Any ridges, indentations, or other objectionable marks 

left in the surface of the bituminous mixture by blading or 
other equipment shall be eliminated by rolling or other 
means. The use of any equipment that leaves ridges, inden- 
tations, or other objectionable marks in the bituminous 
mixture shall be discontinued and other acceptable equip- 
ment shall be furnished by the Contractor. 

METHOD OF MEASUREMENT 

303.04.01 Measurement. Plantmix bituminous base 
will be measured as specified in subsection 401.04.01, 
“Measurement.” 

BASIS OF PAYMENT 

303.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 303.04.01, “Meas- 
urement,” will be paid for at the contract unit price bid per 
ton for plantmix bituminous base aggregate, per ton for 
mineral filler (type) and per ton for bituminous material 
(asphalt cement or liquid asphalt). 
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The above prices shall be full compensation for furnish- 
ing all the material, mixing, loading, hauling, placing, com- 
pacting, and incidentals necessary for doing all the work 
involved in constructing plantmix bituminous base. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Partial payments for plantmix bituminous base aggregate 
may be made as set forth under subsection 109.06, “Partial 
Payments.” 

Payment will be made under: 

Pay Item Pay Unit 

Plantmix Bituminous Base Aggregate (type).................-....---..... Ton 
NMoveralyFillers(type).cs:e0..cit nercwicnte ye yobs 2k Ton 
TELE DO STOTT Grae (2) ER ee el PY Oe een rete ee Ton 
BERT OC SSDI AICS COE AS ap oo cat ety ecco rei ee watatere tos eghoe: Ton 

227 





SECTION 304 

PORTLAND CEMENT TREATED BASE 

DESCRIPTION 

304.01.01 General. This work shall consist of con- 
structing one or more courses of a mixture of aggregate and 
Portland cement on a prepared surface in accordance with 
these specifications in reasonably close conformity with the 
lines, grades, thicknesses, and typical cross sections shown 
on the plans or established by the Engineer. 

The method to be used, either plantmix or roadmix, shall 

be designated in the contract documents. 

MATERIALS 

| 304.02.01 General. All material shall conform to 
' the requirements specified in the following sections and 

subsections: 

(cs ech 4K on ee PN Coy enptacmteth emellcnetip ngce ten. conton ton Bomar Section 701 
ey ater 7 i) Lit CeO UG Os TN DSU ade BS. 204 Section 722 
Aggregate for Portland Cement 

Mrceanted Base 0s set be oo che Sy et She, Subsection 704.03.08 
Rmmrrauid ASphal tice: ong. nh Oe ct ee Ia Subsection 703.03.03 
TLS tebe ey) aft aeninaeet, Deiat Se, setincepenll eae Subsection 703.03.04 

CONSTRUCTION 

304.03.01 Proportioning. Portland cement shall be 

| applied to the mineral aggregate at not less than two (2) 
| percent nor more than four and one-half (412) percent of 
_ the weight of the dry mineral aggregate. Any allowable 
_ variations hereinafter set forth are to be inclusive of the 
| above stated percentages. The exact rate of application of 
_ cement shall be as determined by the Engineer. Immediate 
' control of the cement content shall be accomplished by 
| testing the fresh, moist cement aggregate mixture, by Test 
: Method No. Nev. T239. 

304.03.02 Mixing—Roadmix Method. (a) Depositing 
Untreated Aggregate. Untreated aggregate shall be 
deposited on the prepared area by means of spreader boxes | 

| 

i 
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equipped with a readily adjustable strike-off device result- 
ing in a uniform windrow or a uniform spread, to provide 
the required width and surface tolerance specified in sub- 
section 304.03.06, “Finished Surface.” Aggregate to be 
treated shall not be mixed with roadbed material that is 
not to be treated. 

(b) Mixing. Cement treated base may be mixed either 
on the roadbed or at a location off the roadbed by the road- 
mixed method or the plantmixed method as the Contractor 
may elect. 

If the Contractor elects to use the plantmixed method, 
all the requirements in subsection 304.03.03, “Mixing— 
Plantmix Method,” will apply, except the following: 

1. The separation of aggregates into two sizes and 
storing in separate stockpiles as provided in subsection 
304.03.03, “Mixing—Plantmix Method,” will not be 
required. 

2. The 0.4 of a percentage point variation in the 
cement content as provided in subsection 304.03.03, “Mix- 
ing—Plantmix Method,” will be increased to 0.6 of a per- 
centage point as specified in this subsection. 

If the Contractor elects to use the roadmix method, the 
roadmixing machine shall be of the pugmill or auger type, 
or other type meeting the approval of the Engineer. The 
machine shall be designed to pick up the material to be 
mixed from the windrow or blanket so that during at least 
fifty (50) percent of the mixing cycle all the material is 

picked up and mixed while separated from the mixing 
table. 

Cement to be mixed with aggregate may be furnished in 
sacks or in bulk. If sacked cement is used, the sacks shall 
be distributed on the aggregate at the required intervals and 
then be emptied by hand methods following which the 
cement from each sack shall be distributed in a layer of 
uniform thickness. If the cement is furnished in bulk, it 

shall be spread by mechanical equipment. Each load in the 
spreading equipment shall be calibrated so the average rate 
of spread can be determined by the Engineer. The rate of 
cement spread per linear foot of windrow or blanket shall | 
not vary more than ten (10) percent from the designated | 
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rate. The tops of windrowed aggregate shall be flattened or 
_ slightly trenched to receive the cement. The distance which 

cement may be spread upon the aggregate ahead of the 
roadmixing operations will be determined by the Engineer. 

The roadmixing machine shall have provisions for intro- 
ducing water at the time of mixing, through a metering 
device or by other approved methods. The water shall be 
applied by means of controls that will supply the correct 
quantity of water to produce a completed mixture with a 
uniform moisture content. Leakage of water from equip- 

ment will not be permitted. Care shall be exercised to avoid 
_ the addition of any excessive water. The quantity of water 

added to the mixture will be determined by the Engineer. 
Where the material is to be spread and compacted in two 

or more layers, material for each layer shall be mixed sep- 
arately. 

The resulting mixture shall be uniform and more than 
| one pass of the mixer through the material may be required. 
_ If equipment is used that requires more than one pass of 
_ the mixer, at least one pass shall be made before any water 

is added to the material. : 
At the time mixing is completed the moisture content of 

the mixture shall not be in excess of one (1) percent over 
optimum as determined by Test Method No. Nev. T236. 

The cement content of samples taken from time to time 
from the product of the roadmixing machine, or from mix- 
tures spread on the roadbed shall not have a variation 
above or below the cement content designated by the Engi- 
neer or more than 0.6 of a percentage point based on the 
weight of the aggregate as determined by Test Method No. 
Nev. T1239. 

The lengths of treated sections shall be regulated to per- 
| mit completion within the time requirements provided in 

subsection 304.03.07, ““Time Requirements.” 
Should the Contractor elect to perform roadmixing oper- 

ations off the roadbed, the provisions specified in this sub- 
section for mixing on the roadbed shall apply. 

304.03.03 Mixing—Plantmix Method. (a) General. 
Cement treated base shall be mixed at a central mixing 
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plant by either batch mixing using revolving blade or rotary 
drum mixers or continuous mixing at the option of the 
Contractor. The aggregate and cement may be propor- 
tioned either by weight or volume. Aggregate for cement 
treated base shall be separated into two sizes and each size 
shall be stockpiled separately. One stockpile shall contain 
ageregate retained on a No. 4 sieve of which not more than 
twenty (20) percent shall be finer than a No. 4 sieve. The 
other stockpile shall contain aggregate of which at least 
eighty (80) percent is finer than the No. 4 sieve. If aggre- 
gates are separated into more than two sizes, any combina- 
tion of sizes approved by the Engineer that will meet the 
grading and other test requirements will be acceptable. 

In all plants, the water shall be proportioned by weight 
or volume and there shall be means by which the Engineer 
may readily verify the amount of water per batch or the 
rate of flow for continuous mixing. The time of the addition 
of water or the points at which it is introduced into the 
mixer shall be determined by the Engineer. The quantity 
of water added to the mixture will be determined by the 
Engineer. 

At the time mixing is completed the moisture content of 
the mixture shall not exceed optimum as determined by 
Test Method No. Nev. T236. 

In all plants, cement shall be added in such a manner 
that is uniformly distributed throughout the aggregates dur- 
ing the mixing operation. 

The charge in a batch mixer, or the rate of feed to a con- 
tinuous mixer, shall not exceed that which will permit com- 
plete mixing of all of the material. Dead areas in the mixer, 
in which the material does not move or is not sufficiently 
agitated, shall be corrected by either a reduction in the vol- 
ume of material or by other adjustment. 

In all plants, the proportioning of materials designated 
by the Engineer shall be within the following tolerances: 

Aggregate weights or rate of feed. .........................cseeseseeceeeeeee +5.0% 
Cement content of the complete dry mixture.......................... +0.4% — 
Moisture content of the completed mixture............................ +1.0% | 

The Contractor shall furnish weighing equipment as 
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specified in subsection 109.01, “Measurement of Quanti- 
sess” 

(b) Batch Mixing. In batch type mixers the mixer shall 
be equipped with a timing device which will indicate by a 
definite audible or visual signal the expiration of the mixing 
period. The device shall be accurate to within two (2) sec- 
onds. The plant shall be equipped with a suitable automatic 
device for counting the number of batches. 

Mixing shall continue until a homogeneous mixture of 
uniformly distributed and properly coated aggregates of 
unchanging appearance is produced. 

Cement for each batch shall be weighed on scales sepa- 
rate and distinct from the aggregate batching scales. 

If volumetric proportioning is used, means shall be pro- 
_ vided for accurately calibrating the amount of material in 
_ each measuring bin. 

(c) Continuous Mixing. If the continuous type mixer is 
_ used, the correct proportion of each aggregate size intro- 
_ duced into the mixer shall be drawn from the storage facil- 
_ ity by an approved type of feeder, which will continuously 
supply the correct amount of aggregate in proportion to the 

' cement, and so arranged that the proportion of each aggre- 
gate size can be separately adjusted. The plant shall be 

equipped with metering devices of an approved type that 
will introduce the cement and water into the mixer in spec- 

| ified proportions. The metering devices and feeder shall be 
| interlocked and so synchronized as to maintain a constant 
| rate of cement and water to the aggregate. When storage 
| bins are used, they shall be equipped with overflow chutes 
| for each compartment. A positive signal system shall be 
| provided that will automatically close down the plant when 
| the level of material in any bin approaches the strike-off 
' capacity of the feed gate. The plant shall not be permitted 
_to operate unless the signal system is in good working con- 
dition. The feeder for the aggregate shall be mechanically 
_ or electrically driven. Aggregate feeders that are mechan- 
ically driven shall be directly connected with the drive on 
_the cement feeder. The plant shall be equipped with facil- 
ities satisfactoy to the Engineer for calibrating gate open- 
‘ings and metering devices by weighing check samples. 

233 

} 



304 : PORTLAND CEMENT TREATED BASE 

Aggregate feeders that are electrically driven shall be actu- 
ated from the same circuit that serves the motor driving the 
cement feeder. 

Mixing shall continue until a homogeneous mixture of 
uniformly distributed and properly coated aggregates of 
unchanging appearance is produced. 

The cement feeder shall be equipped with a device by 
which the rate of cement feed can be determined while the 
plant is in full operation. 

The drive shaft of the cement feeder shall be equipped 
with a revolution counter reading to one-one hundredth 
(1/100) of a revolution, and of sufficient capacity to regis- 
ter the total number of revolutions in a day’s run. 

304.03.04 Spreading. (a) General. ‘The area to be 
covered with cement treated base shall be prepared and 
compacted to the grade and cross section for the bottom 
surface of the cement treated base. Any material cut away 
in trimming for such grade and cross section shall be dis- 
posed of in a manner satisfactory to the Engineer. 

Materials mixed at a location off the roadbed shall be 
protected against moisture loss while being transported to 
the spreading site, with a method approved by the Engi- 
neer, and shall be spread without segregation. Immediately 
prior to spreading, the area to be covered shall be moist- 
ened and kept moist, but not excessively wet. | 

Where the required thickness is six (6) inches or less, the | 
mixture may be spread and compacted in one layer. Where | 
the required thickness is more than six (6) inches, the mix-. 
ture shall be spread and compacted in two or more layers 
of approximately equal thickness and the maximum com-. 
pacted thickness of any one layer shall not exceed six (6). 
inches. Work on each layer shall be performed in a similar 
manner and the surface of the compacted material shall be 
kept moist or prevented from drying by some method 
approved by the Engineer until covered with the next layer. | 

Cement treated base to be placed in inaccessible areas 
may be spread by approved methods in one course. After) 
spreading, the material shall be thoroughly compacted to. 
the required lines, grades, and cross section by means of: 

234 



PORTLAND CEMENT TREATED BASE 304 

pneumatic tampers or with other compacting equipment 
which consistently obtains equal or better compaction than 
that provided in subsection 304.03.05, “Compaction.” 

(b) Plantmix Method. The mixture shall be deposited 
on the roadbed at a uniform quantity per linear foot, which 
quantity will provide the required compacted thickness 
without resorting to spotting, picking up, or otherwise shift- 
ing the mixture. 

The mixture shall be spread in one operation with a self- 
propelled mechanical spreader ready for compaction with- 
out further shipping. Segregation shall be avoided and the 
base shall be free from pockets of coarse or fine material. 
Equipment not propelled by the unloading vehicle will be 
considered self-propelled. The spreader shall be provided 
with a screed that strikes off and distributes the material to 
the required width and to the surface tolerances specified 
in subsection 304.03.06, “Finished Surface.” The screed 
shall be adjustable to the required cross section. Screed 
action includes any cutting, oscillating or other practical 
motion that produces a finished surface texture of uniform 
appearance. If the spreader leaves ridges, indentations, or 
other objectionable marks in the surface that cannot be 
eliminated by rolling, or prevented by adjustments in oper- 
ation, its use shall be discontinued. 

Except as otherwise provided in this subsection, the use 
of motor graders will not be permitted during spreading 
and compacting operations, except that motor graders may 
be used to trim the edges and surface of the cement treated 
base after compaction in order to finish the base within the 
tolerances specified. 
A motor grader will be considered to be a self-propelled 

mechanical spreader if it has been equipped with end wings 
_ On the blade, and with cross slope and automatic grade 
- controls. 

The mixed materials shall be spread for the full planned 
width, either by one spreader or by several spreaders oper- 
ating in a staggered position across the subgrade, unless 
otherwise permitted by the Engineer or if traffic conditions 

| require part width construction. Should permission be 
_ granted or part width construction be required for the use 
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of one spreader operating alternately on contiguous lanes, 
not more than one (1) hour shall elapse between the time 
of placing material in adjacent lanes at any location. If 
longitudinal construction joints are necessary, they shall fall 
on lane lines. 

304.03.05 Compaction. The provisions contained in 
this subsection apply to both plantmix and roadmix 
methods. | 

Compacting equipment shall produce the required com- 
paction within the operation time limit specified in sub- 
section 304.03.07, “Time Requirements.” 

Initial rolling of cement treated bases shall be per- 
formed with steel-tired rollers. 

Rolling shall be performed in such a manner that bumps 
and irregularities will be eliminated and the finished sur- 
face shall be true to the required grade and cross section 
within the surface tolerances specified in subsection 304.- 
03.06, “Finished Surface.” 

Water shall be applied without driving equipment over 
the uncompacted material. 

Rolling shall commence by completely covering the 
outer edge of the material. Subsequent rolling shall lap at 
least twenty-five (25) percent of previously compacted | 
material. 

Pneumatic-tired rollers conforming to the provisions in | 
subsection 401.03.04, “Rollers,” shall be used following | 
completion of initial rolling. 

Areas inaccessible to rollers shall be compacted to the 
required compaction by other means. 

The density of compacted cement treated bases shall | 
not be less than ninety-two (92) percent of the maximum | 
density as determined by Test Method No. Nev. T101. 
Test Method No. Nev. T102 or No. Nev. T103 may be 
used to determine the in-place density. Test method to 
be determined by the Engineer. 

304.03.06 Finished Surface. The finished surface of. 
cement treated base shall be uniform and shall not deviate ' 
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at any point more than 0.03 foot from the bottom of a 
twelve (12) foot straightedge laid in any direction. 

The surface of the finished cement treated base at any 
point shall not vary more than 0.05 foot above or below 
the grade established by the Engineer, except that when 
Portland cement concrete pavement is to be placed on 
cement treated base, the surface of the finished cement 
treated base at any point shall not extend above the grade 
established by the Engineer. 

When the finished surface of cement treated base is out- 
side the specified tolerances and before placing any course 
of material thereon, all high spots on the finished surface 
shall be trimmed off to within the specified tolerance. The 
excess material shall be removed and disposed of in a 
manner approved by the Engineer immediately after trim- 
ming and no loose material shall be left on the base and 
the area shall then be rolled again. Full compensation for 
trimming high spots and disposing of the trimmed material 
shall be considered as included in the prices paid for the 
contract items involved in constructing the cement treated 
base and no additional compensation will be allowed 
therefor. 

Cleated equipment shall not be allowed on new cement 
treated base unless street pads are used on cleats. 

304.03.07 Time Requirements. Any mixture of 
ageregate, cement, and water that has not been com- 
pacted shall not be left undisturbed for more than thirty 
(30) minutes. Not more than two (2) hours shall elapse 

between the time water is added to the aggregate and 
cement and the time of completion of initial rolling. Not 
more than three (3) hours shall elapse between the time 
water is added to the aggregate and cement and the time 
of completion of final compaction after trimming. 

304.03.08 Construction Joints. At the end of each 
day’s work and when cement treated base operations are 
delayed or stopped for more than two (2) hours, a con- 
struction joint shall be made in thoroughly compacted 
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material, normal to the centerline of the roadbed with a 
vertical face. Additional mixture shall not be placed until 
the construction joint has been approved by the Engineer. 

Where cement treated base has been finally compacted 
more than one (1) hour, longitudinal joints shall be con- 
structed by cutting vertically into the existing edge for 
approximately three (3) inches and the material cut away 
may be disposed of in the adjacent lane to be constructed. 
The face of the cut joints shall be moistened in advance of 
placing the adjacent base. 

304.03.09 Protection and Curing. The surface shall 
be kept moist at all times until the curing seal is applied. 
Water equipment shall be of a type which will apply 
moisture in a fog or mist type application free of pressure 
at the surface being treated. 

The completed cement treated base shall be covered 
with a bituminous curing seal as protection against drying. 
Curing seal will be required only for the top layer of 
cement treated base. The curing seal shall be applied as 
soon as possible, but not later than eight (8) hours after 
the completion of final rolling. The surface shall be kept 
moist until the seal is applied. Curing seal shall be liquid 
asphalt, Type MC—250, unless otherwise specified, and 
shall be applied at a rate of between 0.15 gallon and 0.25 
gallon per square yard of surface, the exact amount to be 
determined by the Engineer. The curing seal shall be 
applied in accordance with the requirements of Section 
407, “Seal Coat,” and in sufficient quantity to provide a 
continuous membrane over the base. At the time of appli- 
cation of the curing seal, the surface shall be tightly knit, 
free from all loose material and shall contain sufficient — 
moisture to prevent excessive penetration of the asphalt. | 
If necessary to insure this, sufficient water to fill the sur- 
face voids shall be applied immediately before the asphalt — 
is applied. 

The curing seal shall be applied as soon as possible, but 
not later than twenty-four (24) hours after the peta | 
of final rolling. | 

Equipment or traffic shall not be permitted on the | 
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cement treated base during the first three (3) days after 
applying the curing seal, unless otherwise permitted by 
the Engineer. After traffic is allowed on the cement treated 
base, and there is danger of excessive surface abrasion, 
sand blotter may be required as determined by the Engi- 
neer. 

When equipment or traffic is permitted on the cement 
treated base and such permission is granted for the sole 
convenience of the Contractor, he shall protect the curing 
seal at his expense. 

All loose sand shall be completely removed from the 
cement treated base before any surfacing material is placed 
thereon. Full compensation for furnishing, spreading, and 
removing sand as specified above shall be considered as 
included in the contract price paid for sand blotter and no 
additional allowance will be made therefor. 

304.03.10 Weather Limitations. Cement treated base 
shall not be mixed or placed while the atmospheric tem- 
perature is below thirty-five (35) degrees Fahrenheit, or 
when conditions indicate that the temperature will fall 
below thirty-five (35) degrees Fahrenheit for a sustained 
period of four (4) hours. Cement treated base shall not 
be placed on frozen ground and all material shall be pro- 
tected from freezing and frost for a period of five (5) days 
after placing. 

METHOD OF MEASUREMENT 

304.04.01 Roadmix Method Designated for Use. The 
quantity of cement treated base aggregate to be measured 
for payment will be the number of tons, conforming to all 
the requirements in the completed work. When aggregate 
and other materials are mixed at a central mixing plant, 
the quantity of aggregate will be determined by weighing 
the completed mixture of aggregate cement and water and 
deducting from this weight the weight of the cement and 
water. Water shall be metered and meters shall be cali- 
brated for weight as prescribed in subsection 109.01, 
“Measurement of Quantities.” Mixing, hauling, spreading, 
and compacting cement treated base will be measured for 
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payment by the square yard. Area will be determined from 
horizontal measurement of the finished surface of the base. 

Portland cement will be measured for payment by the 
ton. A barrel of cement will be considered as weighing 
three hundred seventy-six (376) pounds. Weighing may 
be done by sack count (ninety-four (94) pounds to the 

sack) or by scale weights obtained by weighing the spread- 
ing equipment before and after spreading the cement when 
roadmixed, or by scale weights when the mixture is plant- 
mixed. 

304.04.02 Plantmix Method Designated for Use. 
The quantity of plantmix cement treated base aggregate 
to be measured for payment will be the number of tons, 
conforming to all the requirements, in the completed 
work, less the weight of cement. This will be determined 
by weighing the completed mixture of aggregate, cement 
and water (in the hauling vehicle prior to delivery), and 
by deducting from this weight the weight of cement. 

Portland cement will be measured for payment by the 
ton. One barrel of cement will be considered as weighing 
three hundred seventy-six (376) pounds. Weighing may 
be done by sack count (ninety-four (94) pounds to the 
sack) or by scale weights. 

304.04.03 General. For both roadmix and plantmix 
methods, the quantities of liquid asphalt used for curing 
seal and sand blotter to be measured for payment will be 
determined as provided in Section 407, “Seal Coat.” 

The quantity of Portland cement to be measured for 
payment may be determined from certified weight certifi- 
cates indicating the truck and trailer number, tare weight, 
gross weight, net weight, and date. When the measurement — 
of Portland cement is based on certified weight certificates, 
the following requirements shall apply: 

(a) An occasional loaded transporting vehicle shall be 
weighed by project personnel prior to discharge of any 
material. The Engineer will determine the frequency in 
which the loaded vehicles are weighed. 
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(b) Every empty transporting vehicle shall be weighed 
by project personnel prior to the vehicle leaving the 

project. 
(c) The Engineer will be the sole judge in determining 

the quantity of Portland cement used should a discrepancy 
arise between project weights of the loaded or unloaded 
vehicles or both and the certified weight certificates. 

Due to possible variations in the specific gravity and 
voids of the aggregates, the tonnage used may vary from 

_ the proposed quantities and no adjustment in contract unit 
_ price will be made because of such variation. 

All measurements will be made in accordance with sub- 

section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

304.05.01 Roadmix Method Designated for Use. 
_ The accepted quantity of materials measured as provided 
in subsection 304.04.01, “Roadmix Method Designated 

_ for Use,” will be paid for at the contract unit price bid per 
ton for “Portland Cement,” per ton for “Roadmixed 
_Cement Treated Base Aggregate,” and per square yard 
_ for “Mixing Cement Treated Base.” 

The above prices shall be full compensation for furnish- 
_ ing all labor, materials, tools, equipment, and incidentals 

| and for doing all the work invoived in constructing road- 
| mixed cement treated base, complete in place as shown 
_ on the plans and as directed by the Engineer. 

The State reserves the right to increase or decrease the 
| estimated amount of cement. Adjustment of unit price 

will not be made for such increase or decrease. 

Payment will be made under: 

Pay Item Pay Unit 

_ Roadmix Cement Treated Base 
STR SAC Vg Ea Eos GO ee ARE ee een, teen Ton 
| Portland Cement for Cement 

UTS IGLA: IU ST ROR SE < APE EE ee md PRE Or eae een kh Ton 
Sen ee emente | reared? Base. 28 ie 2 Be Square Yard 

304.05.02 Plantmix Method Designated for Use. The 
accepted quantity of materials measured as provided in 
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subsection 304.04.02, “Plantmix Method Designated for 
Use,” will be paid for at the contract unit price bid per 
ton for “Portland Cement” and per ton for “Plantmix 
Cement Treated Base Aggregate,” which prices shall be 
full compensation for stripping the pit, crushing, screen- 
ing, loading, hauling, furnishing water for the mix, mixing, 

placing, trimming, and compacting, complete in place as 
shown on the plans and as directed by the Engineer. 

Payment will be made under: 

Pay Item Pay Unit 

Plantmix Cement Treated 

Basel Avgeregatei (wet): 2c: chiral a eerie rere FR Ton 
Portland Cement for Cement 

Treated Base yr oa rs ce AR Paco, a eee ee a Ton 

304.05.03 General. The accepted quantities of “Liq- 
uid Asphalt” used for curing seal and “Sand Blotter,” will 
be paid for in accordance with Section 407, “Seal Coat.” 

For both the roadmix and plantmix methods, all pay- 
ments will be made in accordance with subsection 109.02, 
“Scope of Payment.” 

Partial payments for “Roadmix Cement Treated Base 
Aggregate” or “Plantmix Cement Treated Base Aggregate” 
may be as set forth under subsection 109.06, “Partial 
Payments.” 
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SECTION 401 

PLANTMIX BITUMINOUS PAVEMENTS— 
GENERAL 

DESCRIPTION 

401.01.01 General. These specifications include gen- 
eral requirements that are applicable to all types of bitumi- 
nous pavements of the plantmix type irrespective of 
gradation of aggregate, kind and amount of bituminous 
material, or pavement use. Deviations from these general 
requirements will be indicated in the specific requirement 
for each type. 

This work shall consist of one or more courses of bitu- 
minous mixture constructed on the prepared foundation in 
accordance with these specifications and the specific 
requirements of the type under contract, and in reasonably 
close conformity with the lines, grades, thicknesses, and 
typical cross sections shown on the plans or established by 
the Engineer. 

MATERIALS 

401.02.01 Composition of Mixtures. The bituminous 
plantmix shall be composed of a mixture of aggregate, filler 
if required, and bituminous material. The several aggregate 
fractions shall be sized, uniformly graded, and combined 
in such proportions that the resulting mixture meets the 
grading requirements of the job-mix formula. 

Before starting work, the Contractor shall submit a pro- 
posed job-mix formula in writing, for use by the Engineer 
in setting the job-mix to be used. The formula submitted 
shall propose definite single values for: 

(a) The percentage of aggregate passing each specified 
sieve. 

(b) The percentage of bitumen to be added (to 0.1 per- 
cent). 

(c) The temperature of the mixture leaving the mixer. 
(d) The temperature of the mixture in the hopper of the 

paving machine. 
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The job-mix formula with the allowable tolerances 
shown herein shall conform to the requirements of Section 
705, “Aggregates for Bituminous Courses,” for plantmix 
bituminous base aggregate, plantmix bituminous surface 
aggregate, or plantmix bituminous open-graded aggregate, 
as the case may be. 

The Engineer will determine a job-mix formula with 
single values for (a), (b), (c), and (d) above and so notify 
the Contractor in writing. This job-mix formula shall be in 
effect until modified in writing by the Engineer. The mix- 
ture furnished shall conform to this job-mix formula, 
within the following range of tolerances: 

Aggregate passing the No. 4 
and lareer Sie vesice ie Ss Nee oe oa ee eee at A) 

Aggregate passing the No. 8 
TO. FOODSIOVCS octane Tek anspamegaeicas tahoe’ ana Stk aac ee ee +4% 

Aggregate passing the No. 200 sieve....2......22.22... ee eccceeeeeeeeee DM 
Bitumen Contentite--2R0GN EA. +0.4% of volume or batch 

weight of aggregate 

Temperature leaving the mixe.........20....22...250.....00.-2000- +20 deg. F. 
Temperature in hopper of paving machine.................... +20; deg..F. 

Should there be a change in sources of material, a new 
job-mix formula will be established before the new material 
is used. When unsatisfactory results make it necessary, the 

Engineer may establish a new job-mix formula and so 
notify the Contractor in writing. 

The temperature of the bituminous material just prior to 
mixing, and completed mixture in the hauling vehicle just 
prior to leaving the plant shall conform to the following 
tables: 

PLANTMIX BITUMINOUS MIXTURES 

WITH ASPHALT CEMENT 

PLANTMIX BITUMINOUS PLANTMIX BITUMINOUS 
Grade of BITUMINOUS BASE OR SURFACE OPEN-GRADED 
Asphalt -—MATERIAL— -——MIXTURES ———_MIXTURES 
Cement Min. Max. Min. Max. Min. Max. 

Temp. Temp. Temp. Temp. Temp. Temp. 

AR 16,000 275° 350° pI fe Penge a1 | be 250 santa 
AR 8,000 265° 330° 245.0 23309 245° 280" 

AR 4,000 2565 78532533 Q35Ri2 325? 235° 290° 

AR 2,000 245° 325° 2257 B254 22551 T2TSE 

AR 1,000 225° 300° 200° 300° f 4 pein ft 
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PLANTMIX BITUMINOUS MIXTURES 

WITH LIQUID ASPHALT 

Grade and Type -—BITUMINOUS MATERIAL AND MIXTURES— 
MC or SC Min. Max. 

Temp. Temp. 

70 95° 140° 

250 135° 175° 

800 1655 205° 

3,000 200° 240° 

The completed mixture of the above items at the hopper 
of the paver shall not be more than twenty (20) degrees 
below the specified completed mixing temperature in the 
hauling vehicle just prior to leaving the plant. 

The type and grade of bituminous material will be speci- 
fied in the contract. The grade may be changed one step by 
the Engineer at no change in unit price. 

Attention is directed to subsection 106.04, “Samples and 
Tests.” 

401.02.02 Aggregates. Aggregates shall meet the 
applicable requirements of Section 705, “Aggregates for 
Bituminous Courses.” 

401.02.03 Commercial Mineral Filler. Commercial 
mineral filler shall meet the requirements of subsection 
705.03.04, ‘““Commercial Mineral Filler.” 

401.02.04 Bituminous Materials. The bituminous 
material shall meet the applicable requirements of Section 
703, “Bituminous Materials.” Bituminous material may be 
conditionally accepted at the source. 

CONSTRUCTION 

401.03.01 Bituminous Mixing Plant. Sufficient stor- 
age space shall be provided for the aggregate, or for each 
size aggregate when required. The storage yard shall be 
maintained neat and orderly and the stockpile, or separate 
stockpiles when required, shall be readily accessible for 
sampling. 

Plants used for the preparation of bituminous mixtures 
shall conform to all requirements under (a). In addition, 
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batch mixing plants shall conform to the requirements 
under (b); continuous mixing plants (proportioned after 
drying) shall conform to the requirements under (c); con- 
tinuous mixing plants (proportioned before drying) shall 
conform to the requirements under (d); and dryer drum 

mixing plants shall conform to the requirements under (e). 
(a) Requirements for All Plants. Mixing plants shall be © 

of sufficient capacity and coordinated to adequately handle 
the proposed bituminous construction. 

1. Equipment for Preparation of Bituminous Mate- 
rial. Tanks for the storage of bituminous material shall be 
equipped to heat and hold the material at the required tem- 
peratures. The heating shall be accomplished by steam | 
coils, electricity, or other approved means so that no flame | 
shall be in contact with the tank. The circulating system for 
the bituminous material shall be designed to assure proper | 
and continuous circulation during the operating period. 
Provision shall be made for measuring and sampling stor- | 
age tanks. 

2. Drier. The plant shall include a drier or driers | 
which continuously agitate the aggregate during the heating 
and drying process. 

3. Thermometric Equipment. An armored _ther- 
mometer of adequate range in temperature reading shall be 
fixed in the bituminous feed line at a suitable location near 
the charging valve at the mixer unit. 

The plant shall also be equipped with either an 
approved dial-scale, mercury-actuated thermometer, an 
electric pyrometer, or other approved thermometric instru- 
ment so placed at the discharge chute of the drier as to | 
register automatically or indicate the temperature of the 
heated aggregates. 

The Engineer may require replacement of any ther- | 
mometer by an approved temperature-recording apparatus | 
for better regulation of the temperature of aggregates. 

4. Smoke and Dust Control: The Contractor will | 
be required to install satisfactory precipitation devices, or | 
use other methods which will meet local conditions, city, | 
county, and state laws pertinent to air pollution. 
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5. Truck Scales. Except as allowed in subsection 
401.04.01, “Measurement,” bituminous mixture shall be 

weighed on approved scales furnished by the Contractor or 
on public scales at the Contractor’s expense. Such scales 
shall be platform scales and conform to the provisions of 
subsection 109.01, “Measurement of Quantities.” 

6. Safety Requirements. Adequate and safe stair- 
ways to the mixer platform and sampling points shall be 
provided and guarded ladders to other plant units shall be 
placed at all points where accessibility to plant operations 
is required. Accessibility to the top of truck bodies shall be 
provided by a platform or other suitable device to enable 
the Engineer to obtain sampling and mixture temperature 
data. A hoist or pully system shall be provided to raise 
scale calibration equipment, sampling equipment, and other 
similar equipment from the ground to the mixer platform 
and return. All gears, pulleys, chains, sprockets, and other 
dangerous moving parts shall be thoroughly guarded and 
protected. Ample and unobstructed passage shall be main- 
tained at all times in and around the truck loading area. 
This area shall be kept free from drippings from the mixing 
platform. 

(b) Requirements for Batching Plants. 

1. Plant Scales. Scales shall be accurate to 0.5 per- 
cent of the maximum load that may be required. Poises 
shall be designed to be locked in any position to prevent 
unauthorized change or position. In lieu of truck scales, the 
Contractor may provide an approved automatic printer 
system which will print the weights of the material deliv- 
ered, provided the system is used in conjunction with an 
approved automatic batching and mixing control system. 
Such weights shall be evidenced by a weigh ticket for each 
load. 

The amount of filler material shall be determined by 
weighing on springless dial scales separate from the plant 
weigh hopper or by some method that uniformly feeds the 
mixer within ten (10) percent of the required amount. 

2. Feeder for Drier. The plant shall be provided 
with accurate mechanical means for uniformly feeding the 
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aggregate into the drier so that uniform production and 
uniform temperature will be obtained. 

3. Screens. Plant screens capable of screening all 
ageregates to the specified sizes and proportions will be 
required when the aggregate is proportioned after the dry- 
ing operations. Plant screens may be eliminated when pro- 
portioning is done prior to the drying process and the 
ageregate is proportioned in accordance with subsection 
(d)(2), “Aggregate Proportioning” of this subsection and 
prepared in accordance with the first paragraph of subsec- 
tion 401.03.08, “Preparation of Aggregates.” 

4. Bins. The plant shall include storage bins of 
sufficient capacity to supply the mixer when it is operat- 
ing at full capacity. Bins shall be arranged to assure sepa- 
rate and adequate storage of appropriate fractions of the 
mineral aggregates. Separate dry storage shall be provided 
for mineral filler when used and the plant shall be equipped 
to feed such material into the mixer. Each bin shall be pro- 
vided with overflow pipes, of such size and at such loca- 
tions as to prevent backing up of material into other 
compartments or bins. Each compartment shall be pro- 
vided with its individual outlet gate, constructed so that. 
when closed there shall be no leakage. The gates shall cut 
off quickly and completely. Bins shall be so constructed 
that samples can be readily obtained. 

5. Weigh Box or Hopper. The equipment shall 
include a means for accurately weighing each size of aggre- 
gate in a weigh box or hopper suspended on scales and of 
ample size to hold a full batch without hand raking or 
running over. The gate shall close tightly so that no mate- 
rial is allowed to leak into the mixer while a batch is being 
weighed. 

6. Bituminous Control Unit. Satisfactory means, 
either by weighing or metering, shall be provided to obtain 
the proper amount of bituminous material in the mix within 
the tolerance specified. Means shall be provided for check- 
ing the quantity or rate of flow of bituminous material into 
the mixer. 

7. Bituminous Control. The equipment used to | 
measure the bituminous material shall be accurate to plus — 
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or minus 0.5 percent. The bituminous material bucket shall 
be a nontilting type with a loose sheet metal cover. The 
length of the discharge opening or spray bar shall be not 
less than three-fourths (34) the length of the mixer and it 
shall discharge directly into the mixer. The bituminous 
material bucket, its discharge valve or valves, and spray bar 
shall be adequately heated. Steam jackets, if used, shall be 
efficiently drained and all connections shall be so con- 
structed that they will not interfere with the efficient 
operation of the bituminous scales. The capacity of the 
bituminous material bucket shall be at least fifteen (15) per- 
cent in excess of the weight of bituminous material required 
in any batch. The plant shall have an adequately heated 
quick-acting, nondrip, charging valve located directly over 
the bituminous material bucket. 

Bituminous material shail be measured by means of 
springless dial scales or metering devices. Springless dial 
scales shall have a capacity of not more than one thousand 
(1,000) pounds in two (2) pound gradations. 

The indicator dial shall have a capacity of at least 
fifteen (15) percent in excess of the quantity of bituminous 
material used in a batch. The controls shall be constructed 
so that they may be locked at any dial setting and will 
automatically reset to that reading after the addition of 
bituminous material to each batch. The dial shall be in 
full view of the mixer operator. The flow of bituminous 
material shall be automatically controlled so that it will 
begin when the dry mixing period is over. All of the 
bituminous material required for one batch shall be dis- 
charged in not more than fifteen (15) seconds after the 
flow has started. The size and spacing of the spray bar 
openings shall provide a uniform application of bituminous 
material the full length of the mixer. The section of the 
bituminous line between the charging valve and the spray 
bar shall be provided with a vaive and outlet for checking 
the meter when a metering device is substituted for a 
bituminous material bucket. 

8. Mixer. The batch mixer shall be of a twin pug- 
mill type, steam jackets, or heated by other approved 
means and capable of producing uniform mixtures within 
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the specified tolerances. It shall be equipped with a suffi- 
cient number of paddles or blades set in proper order and 
operated at such speed as to produce a properly and uni- 
formly mixed batch. The clearance of the paddles or blades 
from all fixed and moving parts shall not exceed one (1) 
inch. Badly worn or defective paddles or blades shall not 
be used in mixing operations. 

9. Control of Mixing Time. The mixer shall be 
equipped with an accurate time lock to control the opera- 
tions of a complete mixing cycle. It shall lock the weigh 
box gate after the charging of the mixer until the closing 
of the mixer gate at the completion of the cycle. It shall 
lock the bituminous material bucket throughout the dry 
mixing period and shall lock the mixer gates throughout 
the dry and wet mixing periods. The dry mixing period is 
defined as the interval of time between the opening of the 
weigh box gate and the start of introduction of bituminous 
material. The wet mixing period is the interval of time 
between the start of introduction of bituminous material 
and the opening of the mixer gate. 

The mixer shall be equipped with a timing device 
which will indicate by a definite audible or visual signal 
the expiration of the mixing period. The device shall 
measure the time of mixing within an accuracy of two (2) 
seconds. A suitable automatic device for counting the num- 
ber of batches shall be provided and maintained in proper ~ 
working condition. 

When the aggregate and the bituminous material 
have been combined, the entire mass shall be mixed in 

an approved mixer. The mixing shall continue until homo- 
geneity and a uniform coating are achieved. The output rate 
shall not exceed the manufacturer’s capacity rating. 

(c) Requirements for Continuous Mixing Plants (Pro- 

portioned After Drying). 

1. Feeder for Drier. The plant shall be provided 
with accurate mechanical means for uniformly feeding the 
aggregate into the drier so that uniform production and 
uniform temperature will be obtained. 

2. Screens. Plant screens capable of screening all 
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aggregates to the specified sizes and proportions will be 
required. 

3. Bins. The plant shall include storage bins of 
sufficient capacity to supply the mixer when it is operating 
at full capacity. Bins shall be arranged to assure separate 
and adequate storage of appropriate fractions of the min- 
eral aggregates. Separate dry storage shall be provided for 
mineral filler when used and the plant shall be equipped 
to feed such material into the mixer. Each bin shall be 
provided with overflow pipes, of such size and at such 
locations as to prevent backing up of material into other 
compartments or bins. Each compartment shall be pro- 
vided with its individual outlet gate. Bins shall be so con- 
structed that samples can be readily obtained. Bins shall 
be equipped with adequate telltale devices to indicate the 
position of the aggregates in the bins at the lower quarter 
points. 

4. Aggregate Proportioning. The plant shall include 
a means for accurately proportioning each size of aggre- 
gate after the drying operation. 

The plant shall have a mechanical feeder mounted 
under each compartment bin. Each compartment bin shall 
have an accurately controlled individual gate for volu- 
metrically measuring the material drawn from each com- 
partment. The feeding orifice shall be rectangular with one 
dimension adjustable by positive means. Indicators shall 
be provided for each gate to show the respective gate 
opening. 

A meter for determining the rate of each feeder, or a 
revolution counter, shall be provided. 

Commercial filler material introduced into the mixer 
shall be drawn from storage bins by a continuous mechan- 
ical feeder which will uniformly feed the mixer within 
ten (10) percent of the required amount. 

5. Weight Calibration of Aggregate. The plant 
shall include a means for calibration of each aggregate 
feeder by weighing test samples. Contractor shall provide 
accurate scales and test boxes for this weight calibration. 

6. Bitumen Metering Device. The bituminous 
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material shall be introduced into the mixer through a gal- 
lonage meter by a positive displacement metering device. 
This metering device shall be equipped with a ready means 
of varying the bituminous material delivery rate. 

7. Synchronization of Aggregate Feed and Bitumi- 
nous Material Feed. Satisfactory means shall be provided 
to afford a positive interlocking control between the flow 
of each feeder and the flow of bituminous material. The 
interlocking control shall indicate a visible or audible 
signal when the level of material in any one feeder 
approaches the strike off capacity of the feed gate, or shut 
the plant down. 

8. Mixer. The plant shall include a continuous 
mixer of an approved type, adequately heated and capable 
of producing a uniform mixture within the job-mix toler- 
ances. The paddles shall be adjustable for angular position 
on the shafts and reversible to retard the flow of the mix. 
The mixer shall have a manufacturer’s plate giving the net 
volumetric contents of the mixer at the several heights 
inscribed on a permanent gage. Charts shall be provided 
showing the rate of feed of aggregate per minute for the 
agoregate being used. 

9. Surge Bins. The plant will be equipped with an 
approved surge bin at the discharge. This surge bin will be 
in excess of twenty (20) tons, and shall be equipped with 
an approved surge batcher or other approved method satis- 
factory to the Engineer that will prevent segregation of 
the bituminous mixture as it is being discharged into the 
hauling vehicle. 

(d) Requirements for Continuous Mixing Plants (Pro- 
portioned Before Drying). 

1. Aggregate Stockpiles. The first paragraph of 
subsection 401.03.08, “Preparation of Aggregates,” shall 
apply. 

2. Aggregate Proportioning. The plant shall include 
a means for accurately proportioning each size of aggre- 
gate prior to the drying operation. 

The plant shall have a mechanical feeder mounted 
under each compartment bin. Each compartment bin shall 
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have an accurately controlled individual gate for voiu- 
metrically measuring the material drawn from each com- 
partment. The feeding orifice shall be rectangular with one 
dimension adjustable by positive means. Indicators shall 
be provided for each gate to show the respective gate 
opening. 

A meter for determining the rate of each feeder, or a 
revolution counter, shall be provided. 

Commercial filler material introduced into the mixer 
shail be drawn from storage bins by a continuous mechan- 
ical feeder which will uniformly feed the mixer with ten 
(10) percent of the required amount. 

3. Weight Calibration of Aggregate. The plant 
shall include a means for calibration of each aggregate 
feeder by weighing test samples. 

4. Bitumen Metering Device. The bituminous 
material shall be introduced into the mixer through a 
gallonage meter by a positive displacement metering 
device. This metering device shall be equipped with a 
ready means of varying the bituminous material delivery 
rate. 

5. Synchronization of Aggregate Feed and Bitumi- 
nous Material Feed. Satisfactory means shall be pro- 
vided to afford a positive interlocking control between the 
flow of each feeder and the flow of bituminous material. 
The interlocking control shall indicate a visible or audible 
signal when the level of material in any one feeder 
approaches the strike off capacity of the feed gate, or shut 
the plant down. 

6. Mixer. The plant shali include a continuous 
mixer of an approved type, adequately heated and capable 
of producing a uniform mixture within the job-mix toler- 
ances. The paddles shall be adjustable for angular position 
on the shafts and reversible to retard the flow of the mix. 
The mixer shall have a manufacturer’s plate giving the net 
volumetric contents of the mixer at the several heights 
inscribed on a permanent gage. Charts shall be provided 
showing the rate of feed of aggregate per minute for the 
aggregate being used. 
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7. Surge Bins. The plant will be equipped with 
an approved surge bin at the discharge. This surge bin 
will be in excess of twenty (20) tons, and shall be equipped 
with an approved surge batcher or other approved method 
satisfactory to the Engineer that will prevent segregation 
of the bituminous mixture as it is being discharged into 
the hauling vehicle. 

(e) Requirements for Dryer Drum Mixing Plants. 
1. Aggregate Stockpiles. The first paragraph of 

subsection 401.03.08, “Preparation of Aggregates,” shall 
apply. 

2. Aggregate Proportioning. The plant shall include 
a means for accurately proportioning each size of aggre- 
gate prior to the drying operation. 

The plant shall have a mechanical feeder mounted 
under each compartment bin. Each compartment bin shall 
have an accurately controlled individual gate for volu- 
metrically measuring the material drawn from each com- 
partment. The feeding orifice shall be rectangular with 
one dimension adjustable by positive means. Indicators 
shall be provided for each gate to show the respective gate 
opening. 

A meter for determining the rate of each feeder, or 
a revolution counter, shall be provided. 

Commercial filler material introduced into the mixer 
shall be drawn from storage bins by a continuous mechan- 
ical feeder which will uniformly feed the mixer within ten 
(10) percent of the required amount. 

3. Weight Calibration of Aggregate. The plant 
shall include a means for calibration of each aggregate 
feeder by weighing test samples. 

4. Bitumen Metering Device. The bituminous 
material shall be introduced into the mixer through a 
gallonage meter by a positive displacement metering 
device. This metering device shall be equipped with a 
ready means of varying the bituminous material delivery 
rate. 

5. Synchronization of Aggregate Feed and Bitumi- 
nous Material Feed. Satisfactory means shall be pro- 
vided to afford a positive interlocking control between the 
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flow of each feeder and the flow of bituminous material. 
The interlocking control shall indicate a visible or audible 
signal when the level of material in any one feeder 
approaches the strike off capacity of the feed gate, or shut 
the plant down. 

6. Mixer. The plant shall include a mixing device 
which will obtain homogeneity and a uniform coating. The 
mixing output shall not exceed the manufacturer’s capacity 
rating. 

7. Surge Bins. The plant will be equipped with an 
approved surge bin at the discharge. This surge bin will 
be in excess of twenty (20) tons, and shall be equipped 
with an approved surge batcher or other approved method 
satisfactory to the Engineer that will prevent segregation 
of the bituminous mixture as it is being discharged into 
the hauling vehicle. 

401.03.02 Hauling Equipment. Trucks used for 
hauling bituminous mixtures shall have tight, clean, 
smooth metal beds which have been thinly coated with a 
minimum amount of paraffin oil, lime solution, or other 
approved material to prevent the mixture from adhering 
to the beds. 

401.03.03 Pavers. Bituminous pavers shall be self- 
contained, power-propelled units, provided with an acti- 
vated screed or strike-off assembly, heated if necessary, 
and capable of spreading and finishing courses of bitumi- 
nous plantmix material in lane widths applicable to the 
specified typical section and thicknesses shown on the 
plans. Pavers used for shoulders and similar construction 
shall be capable of spreading and finishing courses of 
bituminous plantmix material in widths shown on the 
plans. 

Pavers shall be equipped with a receiving hopper hav- 
ing sufficient capacity for a uniform spreading operation. 
The hopper shall be equipped with a distribution system 
to place the mixture uniformly in front of the screed. 

The screed or strike-off assembly shall effectively pro- 
duce a finished surface of the required evenness and tex- 
ture without tearing, shoving, or gouging the mixture. 
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The screed shall be equipped with automatic controls 
which will make adjustments in both transverse and longi- 
tudinal direction. The external longitudinal reference 
devices used to pick up grade information for the auto- 
matic sensing control shall conform to the following 
requirements: 

(a) When picking up grade information from an under- 
lying base, the external longitudinal reference device shall 
not be less than thirty (30) feet in length. The devices for 
averaging the high and low spots over a minimum thirty 
(30) foot span shall be a floating beam or a long ski. 

(b) When picking up grade information from an adjacent 
compacted pavement course or a concrete surface, the 
external longitudinal reference device shall not be less 
than ten (10) feet in length. 

Sensing grids or shoes for monitoring the grade infor- 
mation from these longitudinal reference devices shail ride 
approximately in the middle portion. The pathways for 
the external reference devices shall be kept clear of peb- 
bles, debris and any other obstruction that might affect the 
pavement surface. | 

Should the automatic controls fail to function properly, 
the Engineer may permit the Contractor to finish the half 
shift with manual controls. Operations shall not resume 
until the controls are repaired. 

401.03.04 Rollers. Rollers shall meet the following 
requirements: 

(a) Breakdown rollers shall be either a three (3) 
wheeled steel roller or a two-axle tandem or a three-axle 
tandem weighing not less than ten (10) tons. 

(b) Except as hereinafter permitted, pneumatic-tired 
rollers shall consist of not less than nine (9) wheels 
equipped with pneumatic tires of equal size and diameter 
mounted on two axies attached to a rigid frame equipped 
with a loading platform or body suitable for ballast load- 
ing; so that the total weight of the roller can be varied 
to produce an operating weight per tire of between one 
thousand (1,000) and two thousand (2,000) pounds. The 
tires shall have treads satisfactory to the Engineer. The 
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tires on the rear axle shall be so spaced that the entire 
gap between adjacent tires on the front axle will be cov- 
ered by one tread of the following tires. The tires shall be 
uniformly inflated so that the air pressure in the several 
tires will not vary more than five (5) pounds per square 
inch. Inflation pressure in pounds per square inch shall 
be the tire manufacturer’s recommendation. Minimum 
tire size shall be 7.50 x 15 inches, four (4) ply. The use 
of pneumatic-tired rollers with a lesser number of wheels 
and a greater maximum operating weight per tire than 
that specified herein will be permitted subject to the fol- 
lowing requirements: 

1. The minimum width between the outer edge of 
the outside tires on a given axle shail be sixty (60) inches. 

2. The weight of the roller and the tire pressure can 
be varied to produce a ground contact pressure between 
50-70 p.s.i. 

(c) The finish roller shall be a two-axle tandem weigh- 
ing not less than eight (8) tons. 

Attention is directed to subsection 401.03.11, ‘“Roll- 

ing.” 

401.03.05 Weather Limitations. Plantmix bitumi- 
nous base or surface shall not be placed on any wet sur- 
face or when the air temperature is below forty (40) 

egrees Fahrenheit or when weather conditions otherwise 
prevent the proper handling or finishing of the bituminous 
mixtures. 

The open-graded plantmix surface shall be placed only 
when the pavement surface temperature in the shade is 
above sixty (60) degrees Fahrenheit. 

401.03.06 Preparation of Existing Surface. When 
the surface of the existing pavement or old base is irreg- 
ular, it shall be brought to uniform grade and cross sec- 
tion as directed. 

When specified in the contract, all longitudinal and 
transverse joints and all cracks shall be sealed by the 
application of an approved joint sealing compound before 
spreading the mixture upon a Portland cement concrete 
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surface. All excess bituminous material shall be removed 
from joints and cracks prior to spreading the mixture. 

Contact surface of curbing, gutters, manholes, and other 

structures shall be painted with a thin, uniform coating of 
asphaltic emulsion prior to the bituminous mixture being 
placed against them. 

401.03.07 Preparation of Bituminous Materials. The 
bituminous material shall be heated to the specified 
temperature in a manner that will avoid local overheating 
and provide a continuous supply of the bituminous mate- 
rial to the mixer at a uniform temperature at all times. 

401.03.08 Preparation of Aggregates. Aggregates 
proportioned prior to the heating and drying process, shall 
be separated into two general sizes: (1) that portion of 
the material having a minimum of eighty (80) percent 
passing a No. 4 sieve, and (2) that portion of the mate- 
rial having a minimum of eighty (80) percent retained on 
a No. 4 sieve. The material shall be maintained within 
these limits with a uniformity of plus or minus five (5). 
percent. Each portion of the material shall be stored 
separately. When moving the aggregate from storage to 
compartment bins, any method may be used which will 
not cause segregation, degradation, or combinations of 
aggregate which fail to meet the specified gradation 
requirements. Plantmix operations shall not commence 
until a minimum of five thousand (5,000) tons combined 
has been separated and stockpiled, unless the tonnage 
required is less than five thousand (5,000) tons. 

Aggregates proportioned immediately after the heating 
and drying process shall be screened into a minimum of 
two fractions in the case minus one-half (72) inch aggre- 
gate is used, and into a minimum of three fractions when 
larger sized aggregate is used. The screened material shall 
be conveyed to separate compartments ready for propor- 
tioning and mixing with bituminous material. Plantmix 
operations shall not commence until a minimum of five 
thousand (5,000) tons has been stockpiled, unless the 
tonnage required is less than five thousand (5,000) tons. 
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401.03.09 Mixing. The permissible moisture con- 
tent of the bituminous mixture just behind the paver shall 
not exceed one and one-half (112) percent as determined 
by Test Method No. Nev. T112B. Should the aggregate 
contain excessive moisture when heated within the tem- 
perature limits, the Contractor will be required to take 
satisfactory corrective action before resuming plantmix 
operations. 

The dried aggregate shall be combined in the mixer in 
the amount of each fraction of aggregates required to meet 
the job-mix formula. The bituminous mixture shall be 
measured or gaged and introduced into the mixer in the 
amount specified by the job-mix formula. 

Commercial filler material, when required, shall be 

added to the mixer separately and shall be thoroughly dry. 
If the materials are mixed in a batching plant, the filler 
material shall be fed directly into the mixer as near the 
center as possible. 

When the aggregates and the bituminous material have 
been combined, the entire mass shall be mixed in an 

approved mixer. The mixing shall continue until homo- 
geneity and a uniform coating are achieved. The output 
rate shall not exceed the manufacturer’s capacity rating. 

Should the mixture, at the plant or in place, show an 
excess or deficiency of bitumin, show injury or damage 
due to burning or overheating, or show an improper com- 
bination of aggregate, due to the Contractor’s failure to 
conform to specification requirements, it shall be rejected 
and if still in the truck shall be disposed of as directed. 
If an unsatisfactory mix, as referred to above, has been 
placed, it shall be disposed of and replaced as directed. 
No compensation will be allowed for rejected material. 

401.03.10 Spreading and Finishing. The mixture 
shall be laid upon an approved surface, spread and struck 
off to grade, and elevation established. Bituminous pavers 
shall be used to distribute the mixture either over the 
entire width or over such partial width as may be prac- 
ticable. 

The forward rate of travel of the paving machine(s) 
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shall be regulated to a speed dependent upon the capacity 
of the mixing plant to furnish the mixture. The machine(s) 
shall move at a uniform rate with a minimum amount of 
stopping. 

On areas where irregularities or unavoidable obstacles 
make the use of mechanical spreading and finishing equip- 
ment impracticable, the mixture shall be spread, raked 
and luted by hand tools. For such areas, the mixture shall 
be dumped, spread, and screeded to give the required 
compacted thickness. 

The Contractor may windrow plantmixed bituminous 
base or surface material in front of the spreading and 
finishing machine, provided that the following conditions 
and requirements are strictly adhered to: 

(a) The windrow is properly sized, thereby insuring the 
delivery of the correct amount of material to the spread- 
ing and finishing machine at all times. 

(b) The bituminous mixture shall be transferred from 
the windrow to the spreading and finishing machine in 
such a manner that the materials in the spreading machine 
will be a uniform mixture. The base, upon which the wind- 
row was formed, shali not be disturbed and there shall be 
no excess paving material remaining on this base between 
the pickup device and the spreading and finishing machine. 

(c) The minimum temperature requirements pertain to 
the material in the hopper of the spreading and finishing 
machine. Plantmix bituminous mixture that does not meet 
the minimum temperature specified shall not be incorpo- 
rated in the work but shall be wasted in a manner satis- 
factory to the Engineer. 

Should any course of bituminous mixture placed by 
utilizing a windrow be inferior, as determined by the 
Engineer, to that placed by transferring the bituminous 
mixture directly from the hauling vehicle to the spreading 
machine, the use of a windrow shall be discontinued. 

401.03.11 Rolling. Rolling patterns shall be as 
directed by the Engineer. The initial or breakdown roll- 
ing shall consist of one complete coverage of the bitumi- 
nous mixture. Initial rolling shall commence at the lower 
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edge and shall progress toward the highest portion of the 
roadbed. Under no circumstances shall the center be 
rolled first. The initial or breakdown rolling shall be fol- 
lowed by three complete coverages with a pneumatic-tired 
roller while the temperature of the mixture is at or above 
one hundred forty (140) degrees Fahrenheit. The final 
rolling of the bituminous mixture shall be performed with 
a two-axle tandem roller. The sequence of rolling may 
be modified to provide breakdown rolling with a two-axle 
tandem or pneumatic-tired roller and final rolling with a 
three-axle when directed. Rolling shall be performed in 
such a manner that cracking, shoving, or displacement 
will be avoided. All rollers shall be in good condition, and 

the reversing mechanism so maintained that the roller is 
capabie of changing directions smoothly. The roller shall 
be kept in continuous motion while rolling so that all parts 
of the pavement shall receive equal compression. The 
motion of the roller shall be slow enough at all times to 
avoid displacement of the pavement. Any displacement 
occurring as a result of reversing the direction of the 
roller, or from any other cause, shall be corrected imme- 
diately by the use of rakes and fresh mixture when 
required. To prevent adhesion of the mixture to the roller, 
the wheels shall be kept properly moistened. 

401.03.12 Joints. Placing of the bituminous paving 
shall be as continuous as possible. Rollers shall not pass 
over the unprotected end of a freshly laid mixture unless 
authorized by the Engineer. Transverse joints shall be 
formed by cutting back on the previous run to expose the 
full depth of the course. A brush coat of asphaltic emul- 
sion shall be used on contact surface of transverse joints 
just before additional mixture is placed against the pre- 
viously rolied material. 

Longitudinal joints shall be spaced in such a manner 
that joints in succeeding courses will be at least six (6) 
inches horizontally from joints in any preceding course. 

Attention is directed to subsection 401.03.10, “Spread- 
ing and Finishing.” 
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401.03.13 Surface Tolerances. Surface tolerances will 
be specified under the respective sections of bituminous 
pavement. 

401.03.14 Surfacing Miscellaneous Areas. Surfacing 
of road approaches and connections, street intersection 
areas, frontage roads, median strip areas, island areas, 

sidewalks, dikes, gutters, guttter flares, ditches, down- 
drains, spillways, aprons at the ends of drainage struc- 
tures, and other designated areas outside the traveled way 
shall conform to the provisions specified in these specifi- 
cations. 

The combined aggregate grading for bituminous mix- 
tures placed on miscellaneous areas shall conform to that 
specified for the bituminous mixture placed on the trav- 
eled way, except the aggregate used in the construction of 
median strip areas, island areas and dikes shall be con- 
structed of aggregate conforming to the requirements of 
Plantmix Surface Aggregate, Type 3. The amount of 
bituminous material used in the bituminous mixture placed 
in dikes, gutters, gutter flares, downdrains, spillways, 

aprons at the end of drainage structures, and other desig- 
nated areas outside the traveled way shall be increased 
not less than one (1) percent by weight of the aggregate 
over the amount of bituminous material used in the bitu- 
minous mixture placed on the traveled way. Submittal of 
a revised job-mix formula will not be necessary. 

The bituminous mixture placed in median strip areas, 
island areas, sidewalks, dikes, gutters, gutter flares, ditches, 
downdrains, spillways, aprons at the ends of drainage struc- 
tures, and other designated areas outside the traveled way 
may be spread in one layer. The material shall be com- 
pacted to the required lines, grades, and cross section. 

Dikes shall be shaped and compacted with an extrusion 
machine or other equipment capable of shaping and com- 
pacting the material to the required cross section. 

METHOD OF MEASUREMENT 

401.04.01 Measurement. The quantity of plantmix 
bituminous aggregate to be measured for payment will be 
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the number of tons conforming to all the requirements in 
the completed work, and will be determined by weigh- 
ing the completed mixture of aggregate, mineral filler if 
required, and bituminous material, and deducting from this 
weight the weight of the mineral filler and bituminous 
material. 

The quantity of bituminous material to be measured for 
payment will be the number of tons used in the completed 
work and shall conform to the requirements herein. 

The quantity of shoulder dikes constructed of bituminous 
mixture, the placing of which is to be paid for as a contract 
item on a linear foot basis, will be determined from meas- 
urements taken along the top of the completed dikes to the 
nearest one (1) foot length. The quantities of bituminous 
mixture used to construct the dikes shall be measured as set 
forth above. 

The quantities of bituminous mixture, the placing of 
which is to be paid for as a contract item on an area basis 
in addition to the contract prices paid for the bituminous 
mixture, will be determined from measurements of the 
bituminous mixture compacted in place. 

All measurements will be made in accordance with 
subsection 109.01, “Measurement of Quantities.”” Batch 
weights will not be permitted as a method of measurement 
unless the alternate provisions of subsection 401.03.01(a)1, 
“Plant Scales,’ are met, in which case the cumulative 
weight of all the acceptable batches will be used for pay- 
ment. 

Due to possible variations in the specific gravity and 
voids of the aggregate, the tonnage used may vary from the 
proposal quantities and no adjustment in contract unit 
price will be made because of such variation. 

BASIS OF PAYMENT 

401.05.01 Payment. All accepted work and materials 
measured as prescribed above will be paid for as provided 
in the respective sections for each type specified. 

Full compensation for furnishing and applying bitumi- 
nous material or asphaltic emulsion as provided for in sub- 
sections 401.03.06, “Preparation of Existing Surface,” and 
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401.03.12, “Joints,” shall be considered as included in the 
contract price paid for the principal items involved and no 
further compensation will be allowed therefor. 

When Plantmix Surface Aggregate, Type 3, is used in the 
construction of median strip areas, island areas or dikes 
and there is no separate payment for said aggregate, this 
bituminous mixture shall be included in the payment for 
Plantmix Bituminous Surface Aggregate of the major type 
shown in the list of bid items and the proposal. 
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SECTION 402 

PLANTMIX BITUMINOUS SURFACE 

DESCRIPTION 

402.01.01 General. This work shall consist of con- 
structing one or more courses of bituminous pavement on 
a prepared base in accordance with these specifications, 
and in reasonably close conformity with the lines, grades, 
thicknesses, and typical cross sections shown on the plans 
or established by the Engineer. 

The requirements of Section 401, “Plantmix Bituminous 
Pavements—General,” shall be applicable to this work, 
except as hereinafter specified. 

MATERIALS 

4092.02.01 General. The materials shall conform to 
the requirements as specified in subsections 401.02.01 
through 401.02.04, inclusive, of Section 401, “Plantmix 
Bituminous Pavements—General.” 

CONSTRUCTION 

402.03.01 General. The construction requirements 
shall conform to the requirements as specified in subsec- 
tions 401.03.01 through 401.03.14, inclusive, of Section 

401, “Plantmix Bituminous Pavements—General,” with 
the exceptions contained in the following three subsections. 

402.03.02 Rollers. There shall be operating with 
each paver, three rollers meeting the requirements of (a), 

_ (b), and (c) in subsection 401.03.04, “Rollers,” except as 
hereinafter noted. 
! When two (2) pavers are paving in echelon within four 
| hundred (400) feet of each other and each paver is placing 
' not more than one hundred fifty (150) tons of bituminous 
_ mixture per hour, then three (3) rollers meeting the require- 
_ ments of (a), (b), and (c) in subsection 401.03.04, “Roll- 
_ ers,” may be used to roll for both pavers. 
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402.03.03 Spreading and Finishing. Unless otherwise 
specified, bituminous plantmix surface shall be placed in 
courses not exceeding three (3) inches in compacted thick- 
ness. When more than one course is placed, the courses 
shall be of approximately equal thickness. 

Bituminous plantmix surface to be placed on shoulders 
and other areas of the traveled way having a width of eight 
(8) feet or more shall be spread as specified in subsection 
401.03.10, “Spreading and Finishing.” When the areas are 
less than eight (8) feet in width the material may be depos- 
ited and spread in one or more layers by other mechanical 
means that will provide a uniform smoothness and texture. 
Placing bituminous mixture on any pavement that would be 
stained thereby will not be permitted. 

402.03.04 Surface Tolerances. The completed sur- 
facing shall be thoroughly compacted, smooth and free 
from ruts, humps, depressions, or irregularities. When a 
straightedge twelve (12) feet long is laid on the finished 
surface and parallel with the centerline of the highway, the 
surface shall not vary more than 0.02 foot from the lower 
edge of the straightedge. The transverse slope of the fin- 
ished surface shall be uniform to a degree such that no 
depressions greater than 0.02 foot are present when tested 
with a straightedge twelve (12) feet long laid in a direction 
transverse to the centerline and extending from edge to | 
edge of a twelve (12) foot traffic lane. | 

Any ridges, indentations, or other objectionable marks | 
left in the surface of the bituminous mixture by blading or 
other equipment shall be eliminated by rolling or other 
means. The use of any equipment that leaves ridges, inden- | 
tations, or other objectionable marks in the bituminous | 
mixture shall be discontinued and other acceptable equip- | 
ment shall be furnished by the Contractor. | 

METHOD OF MEASUREMENT 

402.04.01 Measurement. Plantmix bituminous sur- 
face aggregate will be measured as specified in Subsection) | 
401.04.01, “Measurement.” 
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BASIS OF PAYMENT 

402.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 402.04.01, ““Meas- 
urement,” will be paid for at the contract unit price bid 
per ton for plantmix bituminous surface aggregate, per ton 
for mineral filler (type), and per ton for bituminous mate- 
rial (asphalt cement or liquid asphalt). 

The above prices shall be full compensation for furnish- 
ing all the material, mixing, loading, hauling, placing, com- 
pacting, and incidentals necessary for doing all the work 
involved in constructing plantmix bituminous surface as 
shown on the plans or established by the Engineer. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Partial payments for plantmix bituminous surface aggre- 
gate may be made as set forth under subsection 109.06, 
“Partial Payments.” 

Payment will be made under: 

Pay Item Pay Unit 

Plantmix Bituminous Surface 
Aggregate (type ...... OES St Gi. Seite ents era Ch Sees ote Ton 

LORS he GULLS e219) Ro) Pate Mad Aire ahem ni ey AM ol nteidt ethene ath oor Ml Le de Ton 
erepnant Cement-(erade)iciio. Vis, OF. SOCIO Al. SADE Ton 
eric tA sob altatormUe yt SecA SOS Or aon ncaa eke seectesecnewenentnnsune Ton 
Plantmixing Miscellaneous Areas 

Algo) BR Ean 2: AAs ee ee AES ees Square Yard 
Plantmix Bituminous Shoulder 

DTP, Seale Pal ianer, Sa any » bakes ndie Sie? mena te Linear Foot 
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SECTION 403 

PLANTMIX BITUMINOUS OPEN-—GRADED 

SURFACE 

DESCRIPTION 

403.01.01 General. This work shall consist of plac- 
ing plantmix bituminous open-graded surface in one course 
for surface in accordance with these specifications and in 
reasonably close conformity with the lines, grades, thick- 
ness, and the typical cross sections shown on the plans or 
established by the Engineer. 

The requirements of Section 401, “Plantmix Bituminous 
Pavements—General,” shall be applicable to this work, 
except as hereinafter specified. 

MATERIALS 

403.02.01 General. The materials shall conform to 

the requirements as specified in subsections 401.02.01 
through 401.02.04, inclusive, of Section 401, “Plantmix 
Bituminous Pavements—General.”’ 

CONSTRUCTION 

4063.03.01 General. The construction requirements 
shall conform to the requirements as specified in subsec- 
tions 401.03.01 through 401.03.13, inclusive, of Section 

401, “Plantmix Bituminous Pavements—General,” with 
the exceptions contained in the following three subsections. 

403.03.02 Rollers. There shall be operating with 
each paver one (1) tandem roller weighing not less than 
eight (8) nor more than ten (10) tons. When two (2) pavers 
are paving in echelon, within four hundred (400) feet 
of each other, then one (1) roller may be used for both 
pavers. 
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403.03.03 Joints. Longitudinal joints shall be con- 
structed only on the shoulders, or at the edge of travel 
lanes. 

403.03.04 Surface. Tolerances. The completed sur- 
facing shall be thoroughly compacted, smooth and free 
from ruts, humps, depressions, or irregularities. When a 
straightedge twelve (12) feet long is laid on the finished 
surface and parallel with the centerline of the highway, the 
surface shall not vary more than 0.02 foot from the lower 
edge of the straightedge. The transverse slope of the fin- 
ished surface shall be uniform to a degree such that no 
depressions greater than 0.02 foot are present when tested 
with a straightedge twelve (12) feet long laid in a direction 
transverse to the centerline and extending from edge to 
edge of a twelve (12) foot traffic lane. 

Any ridges, identations, or other objectionable marks left 
in the surface of the bituminous mixture by blading or 
other equipment shall be eliminated by rolling or other 
means. The use of any equipment that leaves ridges, inden- 
tations, or other objectionable marks in the bituminous 
mixture shall be discontinued and other acceptable equip- 
ment shall be furnished by the Contractor, 

METHOD OF MEASUREMENT 

403.04.01 Measurement. Plantmix bituminous open- 
graded surface aggregate will be measured as specified in 
subsection 401.04.01, “Measurement.” 

BASIS OF PAYMENT 

403.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 403.04.01, “Meas- 
urement,” will be paid for at the contract unit price bid 
per ton for plantmix bituminous open-graded surface 
aggregate and per ton for bituminous material (asphalt 
cement). | 

The above prices shall be full compensation for furnish- | 
ing all the materials, mixing, loading, hauling, placing, 

270 



PLANTMIX BITUMINOUS OPEN-GRADED SURFACE 403 

compacting, and incidentals necessary for doing all the 
work involved in constructing plantmix bituminous open- 
graded surface as shown on the plans or established by the 
Engineer. 

All payments will be made in accordance with subsec- 
tion 109.01, “Scope of Payment.” 

Partial payments for plantmix bituminous open-graded 
surface aggregate may be made as set forth under subsec- 
tion 109.06, “Partial Payments.” 

Payment will be made under: 

Pay Item Pay Unit 

Plantmix Bituminous Open-Graded 
ees ACE AA OOOO 8 hg ig ot ne ge Ton 

(PSEA UCIST WEST Demme Se A AR Se a I Se NP et ea VRE SN OREN 5 Ton 
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SECTION 404 

ROADMIX BITUMINOUS SURFACE 

DESCRIPTION 

404.01.01 General. This work shall consist of con- 
structing one or more courses of roadmix bituminous pave- 
ment on a prepared base or road surface in accordance 
with these specifications and in reasonably close conformity 
with the lines, grades, thicknesses, and typical cross sec- 
tions shown on the plans or established by the Engineer. 

The mineral aggregate and bituminous material may be 
mixed in place in the prepared roadbed, or mixed off of the 
roadbed by either roadmix or plantmix methods. 

MATERIALS 

404.02.01 Aggregates. Aggregates shall meet the 
requirements of Section 705, “Aggregates for Bituminous 
Courses,” for the grading size and type specified. The 
ageregate will be accepted immediately preceding addition 
of bituminous material to the mix. This acceptance will be 
based on periodic samples of the windrow after all aggre- 
gates have been blended for each layer. When plantmix 
method is used, aggregates will be tested for acceptance at 
the bins. Attention is directed to subsection 106.04, “Sam- 

ples and Tests.” 
When the mineral aggregate consists of material in place 

on the roadbed, which was not placed under the contract 
providing for the placing of the roadmix surfacing, all rock 
or lumps of materials larger in greatest dimension than the - 
planned surface thickness shall be removed and disposed of 
along the roadway and such work shall be paid for as extra 
work as provided in subsection 104.03, “Extra Work.” 

404.02.02 Bituminous Material. The type and grade 
of bituminous material will be specified in the contract. 
The grade may be changed one step by the Engineer dur- 
ing construction at no change in unit price. 
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404 ROADMIX BITUMINOUS SURFACE 

The bituminous material shall meet the applicable 
requirements of Section 703, “Bituminous Materials.” 

Bituminous material may be conditionally accepted at 
the source. 

CONSTRUCTION 

404.03.01 Motor Graders. Motor graders for spread- 
ing, shaping, and finishing mixture shall be of the self- 
powered type with blades not less than twelve (12) feet 
long and wheel bases of not less than seventeen (17) feet. 

404.03.02 Distributors. The distributor shall be so 
designed, equipped, maintained, and operated that bitu- 
minous material at even heat may be applied uniformly on 
variable widths of surface up to fourteen (14) feet at readily 
determined and controlled rates from 0.05 to 2.0 gallons 
per square yard, with uniform pressure, and with an allow- 
able variation from any specified rate not to exceed 0.02 
gallon per square yard. Distributor equipment shall include 
a tachometer, pressure gages, accurate volume measuring 

devices or a calibrated tank, and a thermometer for meas- 
uring temperatures of tank contents. Distributors shall be 
equipped with a power unit for the pump, and full circula- | 
tion spray bars adjustable laterally and vertically. 

404.03.03 Mixing Plants. Traveling or stationary 
mixing plants or other equipment of proven performance 
may be used by the Contractor in lieu of the specified 
equipment if approved. Traveling mixing plant shall have 
positive controls for applying asphalt. 

404.03.04 Rollers. Rollers used shall conform to the | 
requirements of subsection 401.03.04, “Rollers.” 

404.03.05 Weather Limitations. The mixing, spread- | 
ing, and compacting of roadmix bituminous pavement shall 
be carried on only when the surface on which the material 
is to be placed is dry and when the atmospheric tempera- 
ture is above fifty (50) degrees Fahrenheit, and has not 
been below forty (40) degrees Fahrenheit during the pre- 
ceding twenty-four (24) hours. 
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404.03.06 Preparation of Existing Surface. Before 
spreading materials for roadmixing, the surface of the base 
or road surface on which the roadmix is to be placed shall 
be conditioned as specified in subsection 401.03.06, “Prep- 
aration of Existing Surface.” 

After a prime coat is applied, it shall be left undisturbed 
not less than twenty-four (24) hours. The Contractor shall 
maintain the primed surface until the roadmix material has 
been placed. This maintenance shall include the spreading 
of sand or other material, if necessary to prevent adherence 
of the prime coat to the tires of vehicles using the primed 
surface, and patching any breaks in the primed surface 
with additional bituminous material. Any area of primed 
surface that has become damaged shall be repaired before 
the roadmix material is placed. 

404.03.07 Placing Aggregates. Mineral aggregate 
shall be deposited upon the prepared subgrade, or mixing 
area, by the use of spreader boxes, or from the vehicles 
equipped or supplemented with suitable spreading devices. 

The mineral aggregate shall contain sufficient material 
to construct the roadmix surfacing as planned, including 
sufficient material for surfacing special features off the 
traveled way. The aggregate shall not be mixed with earth 
or other deleterious matter. 

If the surface moisture of the aggregate is more than two 
(2) percent of the dry weight of the aggregate, except when 
the bituminous material is emulsified asphalt, the aggregate 
shall be turned by blades or disc harrows or otherwise 
aerated until the moisture content is reduced to two (2) 

percent or less. The aggregate shall then be spread smoothly 
and uniformly over half the road or other convenient width 
of the surface ready for the application of bituminous mate- 
rial, except that when a traveling mixing plant is used the 
ageregate shall be formed into a uniform cross section. 

In lieu of aerating and drying the aggregate, the Contrac- 
tor may use an approved additive. The additive shall per- 
mit suitable coating of the wet aggregate and shall prevent 
the bituminous coating from stripping in the presence of 
water. 1G & . 
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404.03.08 Application of Bituminous Material. The 
bituminous material shall be uniformly distributed in suc- 
cessive application, in such amounts and at such intervals 
as directed. The temperature of the bituminous material 
shall conform to the applicable requirements of subsection 
406.03.04 of Section 406, “Prime Coat.” The mixing 
equipment shall follow immediately behind the distributor 
after each application of bituminous material to partially 
mix the aggregate and the bituminous material. No more 
bituminous material shall be applied per day than can be | 
mixed with the aggregate on the same day it is applied. 

404.03.09 Mixing. The materials may be mixed upon © 
the roadbed, or upon some other approved area off the 
roadbed by roadmixing methods, or the material may be 
mixed at a central mixing plant by plantmix methods as 
specified below, whichever the Contractor elects. 

(a) Roadmixing Methods. Prior to applying the bitu- 
minous material the prepared aggregate shall be spread 
smoothly and uniformly over one-half the mixing area or 
some other convenient width. The first application of bitu- 
minous material shall then be applied and partially mixed 
with the aggregate. The remaining applications of bitumi- 
nous material with a partial mixing after each application 
shall follow in like manner. After the last application of — 
bituminous material and partial mixing, the entire mass of 
bituminous material and aggregate shall be windrowed on | 

the mixing surface and then thoroughly mixed and com- 
bined by the mixing units specified, by blading the mix 
from side to side of the mixing surface, or by a manipula- 
tion producing equivalent results, until all particles are 
coated with bituminous material and the whole mass has 
uniform color and the mixture is free from spots containing 
an excess or deficiency of bituminous material, balls, or 
uncoated particles. During the mixing operations, care shall 
be taken to avoid cutting into the underlying course or con- 
taminating the mixture with earth or other extraneous mat- 
ter. When so directed by the Engineer, the mixing process 
shall be confined to part of the width or area of the road- 
bed so as to allow a convenient passage for traffic. 

276 



ROADMIX BITUMINOUS SURFACE 404 

Prior to spreading and compacting, should the mixture 
show an excess or deficiency of bituminous material, or an 
uneven distribution thereof, the condition shall be cor- 
rected by adding mineral aggregate or bituminous material, 
as the case may be, and then remixing to produce a satis- 
factory mixture. If necessary, all compressed masses of 
mixed materials shall be broken up. 

When the mineral aggregate consists of the existing 
material on the roadbed and an allowance for additional 
mineral aggregate has not been provided for on the plans, 
additional mineral aggregate may be obtained by scarifying 
material from the roadbed as directed by the Engineer or, 
in lieu thereof, the Contractor may import suitable mate- 
rial. No additional compensation will be allowed for con- 
forming to the above requirements, except that additional 
materials imported and added to that in place will be paid 
for as extra work as provided in subsection 104.03, “Extra 
Work.” 

The amount of material mixed in any one day shall not 
be more than can be spread and compacted on the follow- 
ing day, provided, however, that when directed by the 
Engineer, mixed material may remain in the windrow for 
a longer period. 

In lieu of mixing the material as above specified, a road- 

mixing machine or any equipment other than that required 
above may be employed which will produce the completed 
mixture equal to that which would be produced by the 
means above specified. The Department reserves the right 
to order the use of any equipment discontinued which, in 
the opinion of the Engineer, fails to produce a satisfactory 
mixture. 

The roadmixing machine shall be of the pugmill or auger 
type which picks up the loose material from the mixing 
area or it may be of the type which cuts a true plane in 
material at a specified depth, leaving no loose material in 
either case. Either type shall introduce the bituminous 
material through a metering device at the time of mixing. 
The machine shall be equipped to provide for a positive 
control of the amount of bituminous material introduced 
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into the mix, which can be readily adjusted to the changes 
required. 

The rate of movement of the roadmixing machine, the 
amount of the material mixed and the amount of mixing 
shall be so regulated that a mix satisfactory to the Engineer 
will result. The materials shall be mixed until a uniform 
mixture of unchanging appearance is obtained and all par- 
ticles of aggregate are thoroughly coated with bituminous 
materials. Before mixing, the loose materials shall be 
placed in windrows or in a blanket of uniform cross section 
and of such size that all the material in the windrow or 
blanket can be passed through the mixing machine at each 
mixing operation. 

Materials mixed off the roadbed shall be uniform in 
character and equal in all respects to that which would be 
produced by mixing on the roadbed as above specified. 

(b) Plantmixing Method. Should the Contractor elect 
to mix the materials at a central mixing plant by the plant- 
mix method, the mineral aggregate shall be dried, pro- 
portioned, and mixed with the bituminous material in 
accordance with the applicable requirements of Section 401 
of these specifications with the following modifications: 
When the moisture content of the mineral aggregate does 
not exceed two (2) percent by weight of the dry aggregate 
and laboratory tests indicate that such increased moisture 
content will not produce an unstable mixture, mixing of the 
materials without passing the aggregate through a dryer 
will be permitted. 

Unless otherwise specified in the special provisions, sep- 
aration of the mineral aggregate into required sizes and 
storing in separate bins will not be required. 

404.03.10 Spreading, Compacting, and _ Finishing. 
Before the finished mixture is spread for compaction, a tri- 
angular cut shall be made with a motor grader at each edge 
of the base course to provide for a thickened edge of bitu- 
minous mixture. The cut shall be approximately two (2) 
inches deep at the outer edge and slope to zero, two (2) 
feet in toward the center. In making a cut the excavated | 
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material shall be thrown to the edge of the roadbed in a 
small windrow against which the mixture shall then be 
spread. 

After roadmixing operations have been completed and 
the mixture has been approved by the Engineer, the mix- 
ture shall be uniformly spread over the area to be surfaced 
to the proper width and to such depth as will compact to 
the required thickness. The mixture shall be spread by 
means of a motor grader meeting the requirements of sub- 
section 404.03.01, “Motor Graders.” 

Segregation of coarse or fine particles shall be avoided 
and the mixture shall be free from lumps or pockets of 
coarse and fine material after spreading. 

After the mixture has been spread as above specified, 
approximately the top half of the material shall be removed 
by motor graders and placed into a windrow on one side. 
The windrow shall be so placed that earth or other extrane- 
ous materials will not become intermixed with the win- 
drowed material, shall then be respread over the entire 
surface by alternating the windrow from one side of the 
roadbed to the other and to the center and gradually 
decreasing the amount of material moved, until the entire 
surface has uniform texture and is smooth and true to cross 
section and grade and is uniformly compacted. During 
blading and rolling, all lumps and loose stones shall be 
moved to the outside of the surface area and disposed of. 

All rolling, except the final finish rolling, shall be done 
with pneumatic-tired rollers. The finish rolling shall be 
done with steel-tired tandem or three-wheeled rollers com- 
mencing at the lower edge, progressing toward the highest 
portion. Under no circumstances shall the highest portion 
be rolled first. 

404.03.11 Miscellaneous Areas. Surfacing of road 
approaches and connections, street intersection areas, front- 
age roads, median strip areas, island areas, sidewalks, dikes, 

gutters, gutter flares, ditches, overside drains, spillways, 
aprons at the ends of drainage structures, and other desig- 
nated areas outside the traveled way shall conform to the 
provisions specified in these specifications. 
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The combined aggregate grading for bituminous mix- 
tures placed on miscellaneous areas shall conform to that 
specified for the bituminous mixture placed on the traveled 
way. The amount of bituminous material used in the bitu- 
minous mixture placed in dikes, gutters, gutter flares, over- 
side drains, spillways, aprons at the ends of drainage 
structures, and other designated areas outside the traveled 
way shall be increased not less than one (1) percent by 
weight of the aggregate over the amount of bituminous 
material used in the bituminous mixture placed on the 
traveled way. 

404.03.12 Surface Tolerances. The surface will be 
tested by the Engineer using a twelve (12) foot straightedge 
at selected locations. The variation of the surface from the 
testing edge of the straightedge between any two contacts 
with the surface shall at no point exceed 0.03 foot. All 
humps or depressions exceeding the specified tolerance 
shall be corrected by removing defective work and replac- 
ing it with new material as specified. 

METHOD OF MEASUREMENT 

404.04.01 Measurement. The quantity of roadmix 
bituminous surface aggregate to be measured for payment 
will be the number of tons or cubic yards as indicated in 
the proposal, conforming to all the requirements in the 
completed work. When the mixture is mixed at a central 
mixing plant by the plantmix method, the number of tons 
will be determined by weighing the completed mixture of 
aggregate and bituminous material and deducting from this 
weight the weight of the bituminous material. 

Mineral aggregate consisting of material in place on the 
roadbed will not be measured and paid for, except for the 
removal of rocks and lumps as provided in subsection 
404.02.01, “Aggregates,” of this section. All other work 
involved in scarifying and preparing the material as herein 
specified shall be considered as included in the contract 
unit price paid for mixing the roadmix surfacing. 
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Mixing and compacting shall be measured in miles along 
the centerline of the roadway and no extra allowance will 
be made for mixing widened sections and shoulder dikes, 
unless otherwise provided in the special provisions. 

The quantity of shoulder dikes constructed of bitumi- 
nous mixture, the placing of which is to be paid for as a 
contract item on a linear foot basis, will be determined 

from measurements taken along the top of the completed 
dikes to the nearest one (1) foot length. The quantities of 
bituminous mixture used to construct the dikes shall be 
measured as set forth above. 

The quantities of bituminous mixture, the placing of 
which is to be paid for as a contract item on an area basis 
in addition to the contract prices paid for the bituminous 
mixture, will be determined from measurements of the bitu- 

minous mixture compacted in place. 
All measurements will be made in accordance with 

subsection 109.01, “Measurement of Quantities.” Batch 

weights will not be permitted as a method of measurement 
unless the alternate provisions of subsection 401.03.01(a)1, 
“Plant Scales,” are met, in which case the cumulative 
weight of all the acceptable batches will be used for pay- 
ment. 

Tonnage shall conform reasonably close to that shown 
on the plans, unless otherwise directed. Due to possible 
variations in the specific gravity and voids of the agegre- 
gates, the thickness may vary from that shown on the plans. 

BASIS OF PAYMENT 

404.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 404.04.01, “Meas- 
ment,” will be paid for at the contract unit price bid per 
ton or cubic yard for roadmix bituminous surface aggre- 
gate, per ton for bituminous material (liquid asphalt), and 
per mile for mixing the roadmix bituminous pavement. 

The above prices shall be full compensation for furnish- 
ing all the material, mixing, loading, hauling, placing, com- 
pacting, and incidentals necessary for doing all the work 
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involved in constructing roadmix bituminous surface, as 
shown on the plans or established by the Engineer. 

Full compensation for furnishing and applying bitumi- 
nous material or asphaltic emulsion as provided for in sub- 
section 404.03.06, “Preparation of Existing Surface,” shall 
be considered as included in the contract price paid for the 
principal items involved and no further compensation will 
be allowed therefor. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Partial payments for roadmix bituminous surface aggre- 
gate may be made in accordance with subsection 109.06, 
“Partial Payments.” 

Payment will be made under: 

Pay Item Pay Unit 

Roadmix Bituminous Surface Aggregate.............. Ton or Cubic Yard 
Liquid Asphalt}(grade):...cinca: of iiive. 2ipemiee se Ton 
Mixing Roadmix Bituminous Surface (width)..............0..2220.....00.. Mile 
Roadmixing Miscellaneous Areas (type)..............2.00..22-0. Square Yard 
Roadmix Bituminous Shoulder Dikes..............0...........---- Linear Foot 
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SECTION 405 

TACK COAT 

DESCRIPTION 

405.01.01 General. This work shall consist of pre- 
paring and treating an existing bituminous or concrete 
surface with bituminous material in accordance with these 
specifications and in reasonably close conformity with the 
lines shown on the plans or established by the Engineer. 

MATERIALS 

405.02.01 Bituminous Material. The type and grade 
of bituminous material will be specified in the contract. 
The grade may be changed one step by the Engineer dur- 
ing construction at no change in unit price. 

The bituminous material shall meet the applicable 
requirements of Section 703, “Bituminous Materials.” The 
bituminous material may be conditionally accepted at the 
source. 

Asphaltic emulsion used as a tack coat between the 
courses of plantmix surface or over an existing surface 
shall be of the type and grade specified and prepared 
for application as follows: 

The emulsion shall be cut back by water. Water shall 
be added in the quantity of forty (40) percent of the emul- 
sion by weight. To accomplish this mixing, the distributor 
shall be partly filled with water, and the correct propor- 
tion of emulsified asphalt shall then be added, and the 
remaining water to be added shall be sprayed into the 
tank under pressure and then thoroughly circulated within 
the distributor. 

CONSTRUCTION 

405.03.01 Equipment. The Contractor shall provide 
equipment for heating and applying the bituminous mate- 
rial. This equipment shall meet the requirements of sub- 
section 404.03.02, “Distributors.” 
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405.03.02 Weather Limitations. Application of bitu- 
minous material will not be permitted when the surface 
to be treated is damp or wet or when weather conditions 
are unsuitable or when the atmospheric temperature or 
ageregate temperature is below forty (40) degrees Fahren- 
heit. 

405.03.03 Preparation of Surface. The existing sur- 
face shall be patched and cleaned and be free of irreg- 
ularities to provide a reasonably smooth and uniform 
surface to receive the treatment. The edges of existing 
pavements, which are to be adjacent to new pavement, 
shall be cleaned to permit the adhesion of bituminous 
materials. 

Where the Contractor is applying tack upon a previously 
constructed course under the contract, patching, cleaning, 

repairing, etc., will be at the Contractor’s expense, unless 
otherwise provided. Attention is directed to subsection 
104.04, “Maintenance of Traffic,” and subsection 105.14, 
“Maintenance During Construction.” 

Where the Contractor is applying tack upon a previously 
constructed course not a part of the contract, and when 
there are no items or provisions to pay for preparing the 
existing surface, the Contractor shall be paid for such 
preparation under the provisions of subsection 104.03, 
“Extra Work.” 

450.03.04 Application of Bituminous Materials. The 
bituminous material shall be uniformly applied at the rate 
called for on the plans or ordered by the Engineer. When 
asphaltic emulsion or liquid asphalt is used, the temper- 
ature at the time of application shall conform to the appli- 
cable requirements in Table I of subsection 406.03.04. 

The tack coat shall be applied in such manner as to 
offer the least inconvenience to traffic and to permit one- 
way traffic without pickup or tracking of the bituminous 
material. Tack coat shall be applied only so far in advance 
that it will be covered during the following thirty-six (36) 
hours. 
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METHOD OF MEASUREMENT 

405.04.01 Measurement. The quantity of bituminous 
material to be measured for payment will be the number 
of tons conforming to all the requirements in the com- 
pleted work. 

Bituminous material diluted as prescribed shall be 
measured in tons of the diluted mixture acceptably applied 
to the surface. . 

All measurements will be made in accordance with 
subsection 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

405.05.01 Payment. The accepted quantity of bitu- 
minous material measured as provided in subsection 405.- 
04.01, “Measurement,” will be paid for at the contract 
unit price bid per ton. 

The above prices shall be full compensation for furnish- 
ing the material, mixing, loading, hauling, placing, and 

incidentals necessary for doing all the work involved in 
placing tack coat, as shown on the plans or established by 
the Engineer, all in accordance with subsection 109.02, 
“Scope of Payment.” 

The Department reserves the right to increase or to 
omit all or any part of the estimated amount of bituminous 
material to be used and no additional compensation shall 
be allowed by reason of such increase or decrease. 

Payment will be made under: 

Pay Item Pay Unit 

ere EAS IIAIE (LV DO) 2A ee eg se ee Ton 
PantisifiedAsphalt-(type)er nt. .-ete ee ee Ton 
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SECTION 406 

PRIME COAT 

DESCRIPTION 

406.01.01 General. This work shall consist of pre- 
paring and treating an existing surface with bituminous 
material, and blotter material, if required, in accordance 
with these specifications and in reasonably close conform- 
ity with the lines shown on the plans or established by 
the Engineer. 

MATERIALS 

406.02.01 Bituminous Material. The type and grade 
of bituminous material will be specified in the contract. 
The grade may be changed one step by the Engineer dur- 
ing construction at no change in unit price. 

The bituminous material shall meet the applicable 
requirements of Section 703, “Bituminous Materials.” The 
bituminous material may be conditionally accepted at the 
source. 

406.02.02 Sand Blotter. Sand blotter shall meet the 
requirements of subsection 705.03.06, “Sand Blotter.” The 
material may be accepted in stockpile at the source. 

CONSTRUCTION 

406.03.01 Equipment. The Contractor shall provide 
equipment for heating and applying the bituminous mate- 
rial and for applying blotter material. The equipment shall 
meet the requirements of subsection 404.03.02, “Distrib- 
utors.” 

406.03.02 Weather Limitations. Bituminous mate- 

rial shall not be applied on a wet surface; when the atmos- 
pheric temperature is below fifty (50) degrees Fahrenheit 

287 



406 PRIME COAT 

or when weather conditions, in the opinion of the Engi- 
neer, would prevent the proper construction of the prime 
coat. 

406.03.03 Preparation of Surface. The surface upon 
which the bituminous prime coat is to be placed shall 
conform to the established lines and grades, shall be 
reasonably smooth and uniform and shall be compacted 
to the required density. If the required density deteriorates 
from the time the gravel course was compacted originally 
and the time the prime coat is placed, for any reason what- 
soever, then the surface shall be recompacted to the 
required density at the expense of the Contractor. When 
required by the Engineer, an application of water shall be 
applied immediately before bituminous application. 

406.03.04 Application of Bituminous Material. Bitu- 
minous material shall be applied to the width of the sec- 
tion to be primed by means of a pressure distributor in a 
uniform, continuous spread. When traffic is maintained, 
not more than one-half (12) of the width of the section 
shall be treated in one application. Care shall be taken 
that the application of bituminous material at the junctions 
of spreads is not in excess of the specified amount. Excess 
bituminous material shall be squeegeed from the surface. 
Skipped areas or deficiencies shall be corrected. 

When traffic is maintained, one-way traffic shall be per- 

mitted on the untreated portion of the roadbed. As soon 
as the bituminous material has been absorbed by the sur- 
face and will not pick up, traffic shall be transferred to 
the treated portion and the remaining width of the section 
shali be primed. 

The bituminous material shall be uniformly applied at 
the rate called for on the plans or ordered by the Engineer. 

The temperature requirements pertaining to the appli- 
cation of liquid asphalts and asphaltic emulsions shall con- 
form to the requirements of the following Table I: 
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TABLE I 

Spraying and Mixing Temperatures of Liquid Asphalts 

and Asphaltic Emulsions 

*PUGMILL MIXING TEMP. °F. 
DISTRIBUTOR OF LIQUID ASPHALTS 

Grade and Type —SPRAYING TEMP. °F.— MC Anp SC 
RC, MC and SC Minimum Maximum Minimum Maximum 

70 120 180 95 140 

250 165 220 35 175 

800 200 255 165 205 

3,000 : 235 290 200 240 

3 *The maximum spraying temperature may be used if the aggregate is not 
eated. 

DISTRIBUTOR *PUGMILL MIXING TEMP. °F. 
Grade of -——SPRAYING TEMP. °F.— OF EMULSION AND 

Asphalt Emulsion Minimum Maximum AGGREGATES 
Minimum Maximum 

RS—1, CRS~1......... # hs 130 (Not used for Mixing) 
Rs —2. CRS 2 <2. 110 160 (Not used for Mixing) 
Sa RGR i Bee, «ie 130 50 130 

SS—1h, CSS—th...... Ss 130 50 130 

BMSa2S4e0 rey. 5 100 160 60 140 

Erie maximum spraying temperature may be used if the aggregate is not 
eated. 

406.03.05 Application of Blotter Material. If, after 
the application of the prime coat, the bituminous material 
fails to penetrate within three (3) to six (6) days and the 
roadway must be used by traffic, blotter material shall be 
spread in the amounts required to absorb any excess 
bituminous material. When necessary for traffic, blotter 
material may be spread prior to three (3) days’ penetrating 
time. 

METHOD OF MEASUREMENT 

406.04.01 Measurement. The quantity of bituminous 
material to be measured for payment will be the number 
of tons conforming to all the requirements in the com- 
pleted work. The quantity of blotter sand measured for 
payment will be the number of tons or cubic yards con- 
forming to all the requirements in the completed work. 

All measurements will be made in accordance with 
subsection 109.01, “Measurement of Quantities.” 
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BASIS OF PAYMENT 

406.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 406.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per ton for bituminous material and per ton or cubic 
yard for blotter sand. 

When sand blotter is not included in the proposal and 
it is needed to protect the work or public traffic, it shall be 
furnished and spread as herein described, and payment 
therefor will be in accordance with subsection 104.03, 
“Extra Work.” 

The above prices shall be full compensation for furnish- 
ing the material, mixing, loading, hauling, placing, and 
incidentals necessary for doing all the work involved in 
placing prime coat and sand blotter, as shown on the 
plans or established by the Engineer. 

The Department reserves the right to increase or to 
omit all or any part of the estimated amount of blotter 
material or bituminous material to be used and no addi- 
tional compensation shall be allowed by reason of such 
increase or decrease. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

LigideAsphalt (iv pe ye. ca ae. 8 tetas By heen ae cee eee Ton 
EmulsifiedsAsphalt’ (type) cit... iets Fee Bale ae Ton 
San BIO Che. ce ie eR vemeseite oe wen aes Ton or Cubic Yard 
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SECTION 407 

SEAL COAT 

DESCRIPTION 

407.01.01 General. This work shall consist of an 
application of bituminous material on a compacted and 
bonded bituminous surface, and blotter material, if 
required, in accordance with these specifications and in 
reasonably close conformity with the lines shown on the 
plans or established by the Engineer. 

MATERIALS 

407.02.01 Bituminous Material. The type and grade 
of bituminous material will be specified in the contract. 
The grade may be changed one step by the Engineer during 
construction at no change in unit price. 

The bituminous material shall meet the applicable 
requirements of Section 703, “Bituminous Materials.” The 
bituminous material may be conditionally accepted at the 
source. 

407.02.02 Sand Blotter. Sand blotter shall meet the 
requirements of subsection 705.03.06, “Sand Blotter.” The 
material may be accepted in stockpile at the source. 

CONSTRUCTION 

407.03.01 Equipment. The Contractor shall provide 
equipment for heating and applying the bituminous mate- 
rial and for applying blotter material. The equipment shall 
meet the requirements of subsection 404.03.02, “Distribu- 
tors.” 

407.03.02 Weather Limitations. Bituminous material 
shall not be applied on a wet surface, when the temperature 
is below fifty (50) degrees Fahrenheit or when weather con- 
ditions, in the opinion of the Engineer, would prevent the 

_ proper construction of the seal coat. 
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407.03.03 Preparation of Surface. Immediately be- 
fore applying the bituminous material the surface to be 
sealed shall be thoroughly cleaned of all dirt and loose 
material by sweeping with power brooms supplemented by 
hand brooms if necessary. The process of cleaning shall 
continue until dirt and loose material is removed from the 
entire width of the surfacing. 

407.03.04 Application of Bituminous Material. Bitu- 
minous material shall not be spread later in the day than 
will permit the stopping of traffic control prior to darkness. 
Bituminous material shall be applied to only one desig- 
nated traffic lane at a time and the entire width of the lane 
shall be covered in one operation. 

The bituminous material shall be uniformly applied at 
the rate called for on the plans or ordered by the Engineer. 
The temperature of the bituminous material shall conform 
to the applicable requirements of subsection 406.03.04 of 
Section 406, “Prime Coat.” 

The seal coat shall be applied in such manner as to offer 
the least inconvenience to traffic and to permit one-way 
traffic without pickup or tracking of the bituminous mate- 
rial. 

When a surface treatment is to be applied to the central 
portion of the pavement, the seal coat shall be applied to 
the shoulder at least four (4) days in advance of the appli- 
cation of the adjacent surface treatment requiring screen- 
ings, and the seal coats shall be applied in such a manner 
that the joint between the two types will present a neat and 
uniform appearance true to the line shown on the typical 
cross section and as established by the Engineer. 

407.03.05 Application of Blotter Material. The 
applicable requirements of Section 406, “Prime Coat,” 
shall apply to this Section 407, “Seal Coat,” when sand 
blotter is required. 

METHOD OF MEASUREMENT 

407.04.01 Measurement. ‘The quantity of bituminous 
material to be measured for payment will be the number of 
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SEAL COAT 407 

tons conforming to all the requirements in the completed 
work. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

407.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 407.04.01, ““Meas- 

urement,” will be paid for at the contract unit price bid per 
ton for bituminous material. 

The above price shall be full compensation for furnish- 
ing the material, mixing, loading, hauling, placing, and 
incidentals necessary for doing all the work involved in 
placing seal coat as shown on the plans or established by 
the Engineer. 

The Department reserves the right to increase or to omit 
all or any part of the estimated amount of bituminous 
material to be used and no additional compensation shall 
be allowed by reason of such increase or decrease. 

Sand blotter will be paid for in accordance with Section 
406, “Prime Coat.” 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Braid sph alti(ty pe).s Hae... 8. SPO CIS, . D. S irr Ton 
mammesincd Asphalaitype) S oete 8 ooo .c8 ee ee ne ..Ton 
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SECTION 408 

SURFACE TREATMENT 

DESCRIPTION 

408.01.01 General. This work shall consist of an 
application of bituminous material and cover of screenings 
applied on a previously compacted and bonded bituminous 
surface, all in accordance with these specifications and in 
reasonably close conformity with the lines shown on the 
plans or established by the Engineer. 

MATERIALS 

408.02.01 Bituminous Material. The type and grade 
of bituminous material will be specified in the contract. The 
grade may be changed one step by the Engineer during 
construction at no change in unit price. 

The bituminous material shall meet the applicable 
requirements of Section 703, “Bituminous Materials.” The 
bituminous material may be conditionally accepted at the 
source. 

408.02.02 Screenings. Screenings shall meet the 
requirements of subsection 705.03.05, “Screenings,” for 
the size specified. Attention is directed to subsection 
106.04, “Samples and Tests.” 

CONSTRUCTION 

408.03.01 Distributors. The distributor shall meet 
the requirements of subsection 404.03.02, “Distributors.” 

408.03.02 Aggregate Spreader. The aggregate 
spreader shall be self-propelled and supported by at least 
four (4) wheels equipped with pneumatic tires on two (2) 
axles. The aggregate spreader shall be equipped with posi- 
tive control so that the required amount of material will be 
deposited uniformly over the full width of the bituminous 
material. SHEL (Ha OMIA 
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408 SURFACE TREATMENT 

408.03.03 Rollers. There shall be operating with 
each aggregate spreader, one (1) pneumatic-tired roller and 
one (1) steel-wheel roller. The pneumatic-tired roller shall 
meet the requirements of subsection 401.03.04, “Rollers” 
(b). The steel-wheel roller shall meet the requirements of 
the same subsection, (a) or (c). 

4908.03.04 Weather Limitations. Bituminous material 
shall not be spread when weather conditions are unsuitable, 
or when the atmospheric temperature is below sixty-five 
(65) degrees Fahrenheit or the pavement temperature is 
below eighty (80) degrees Fahrenheit. 

408.03.05 Maintaining Traffic. Where public traffic 
is being routed over a surface upon which a surface treat- 
ment is to be applied, the surface treatment shall not be 
applied to more than one-half the width of the traveled 
way at a time, and the remaining half width shall be kept 
free of obstructions and open for use by public traffic at 
all times until the surface treatment first applied is ready 
for use by traffic. 

Traffic will not be allowed on the newly placed bitumi- 
nous material and screenings until, in the opinion of the 
Engineer, the screenings and bituminous material have suf- 
ficiently set and bonded to prevent displacement by such 
traffic. 

When the newly completed surface treatment is open to 
traffic, the traffic shall be controlled by use of flagmen and 
a pilot car for a period of six (6) hours or for such time as 
deemed necessary by the Engineer as follows: 

(a) A flagman shall be stationed at the beginning of each 
newly completed section open to traffic, to stop oncoming 
traffic preparatory to piloting operations and shall be kept 
on duty during the entire control period. 

(b) Traffic control as described above shall be moved 
ahead progressively as the newly completed surface is open 
to traffic. 

408.03.06 Preparation of Surface. Immediately be- 
fore applying the bituminous material, the surface to be 
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SURFACE TREATMENT 408 

treated shall be thoroughly cleaned of all dirt and loose 
material by sweeping with power brooms supplemented by 
hand brooms if necessary. The process of cleaning shall 
continue until the surfacing is exposed and all dirt and 
loose material is removed from the entire width of surfac- 
ing. 

408.03.07 Application of Bituminous Material. Bitu- 
minous material shall be applied by means of a pressure 
distributor in a uniform, continuous spread over the sec- 

tion to be treated. The temperature of the bituminous 
material shall conform to the applicable requirements of 
subsection 406.03.04 of Section 406, “Prime Coat.” The 
quantity of bituminous material to be used per square yard 
shall be as directed. If the texture of the surface is such 
that bituminous material penetrates too rapidly, a prelim- 
inary application of from 0.05 to 0.10 gallon per square 
yard of surface may be required. A strip of building paper 
at least three (3) feet in width and with a length equal to 
that of the spray bar of the distributor plus one (1) foot, 
shall be used at the beginning of each spread. If the cutoff 
is not positive, the use of paper may be required at the end 
of each spread. The paper shall be removed and disposed 
of in a satisfactory manner. The distributor shall be moving 
forward at proper application speed at the time the spray 
bar is opened. Any skipped areas or deficiencies shall be 
corrected. Junctions of spreads shall be carefully made to 

assure a smooth riding surface. 
The length of spread of bituminous material shall not be 

in excess of that which trucks loaded with screenings can 
_ immediately cover. 
__ The spread of bituminous material shall not be more 

than six (6) inches wider than the width covered by the 
screenings from the spreading device. Under no circum- 
stances shall operations proceed in such manner that bitu- 
minous material will be allowed to chill, set up, dry, or 
otherwise impair retention of the screenings. 

The distributor, when not spreading, shall be parked so 
_ that the spray bar or mechanism will not drip bituminous 
' materials on the surface of the traveled way. : 
| 
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408 SURFACE TREATMENT 

408.03.08 Application of Screenings. Immediately 
following the application of the bituminous material, 
screenings shall be spread at the required rate per square 
yard. 

In order to avoid building a longitudinal joint, when 
spreading screenings on the first width of bituminous mate- 
terial, no screening shall be applied within six (6) inches of 
the edge adjacent to the next application of bituminous 
material. 

Bituminous material and screenings shall not be spread 
over a greater distance than can be rolled and finished 
within one (1) day’s operation. 

In order to eliminate dust film, screenings shall be moist- 
ened with water before being applied. In spreading the 
screenings, the equipment used shall be so operated that 
the fresh bituminous material will be covered before equip- 
ment wheels come upon it. 

Asphaltic emulsion applied to the road surface shall be 
covered with screenings before setting or breaking occurs. 

After the screenings have been spread upon the bitumi- 
nous material, any piles, ridges, or uneven distribution shall 
be carefully removed with flat bottom shovels, or other 
approved methods to insure against permanent ridges or 
bumps in the completed surface. Additional screenings 
shall be spread by hand in whatever quantities required to 
prevent picking up by the rollers or traffic. 

After the application of the screenings the surface where 
specified shall be lightly broomed or otherwise maintained 
as directed for a period of four (4) days or as directed. 
Maintenance of the surface shall include the distribution of 
screenings over the surface to absorb any free bituminous 
material and cover any area deficient in screenings. The 
maintenance shall be conducted so as not to displace 
imbedded material. Excess material shall be swept at the 
time determined by the Engineer. 

408.03.09 Rolling. Rolling shall follow immediately 
behind spreading screenings to properly embed the screen- — 
ings in the soft bituminous material and rolling shall com-_ 
mence at the outer edges and proceed toward the inner | 
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SURFACE TREATMENT 408 

edge of each spread of bituminous material and screenings, 
and shall be continued until the screenings are thoroughly 
set. : 

The sequence of rollers and roller patterns will be estab- 
lished by the Engineer. 

METHOD OF MEASUREMENT 

408.04.01 Measurement. The quantity of bituminous 
material to be measured for payment will be the number of 
tons conforming to all the requirements in the completed 
work. The quantity of screenings measured for payment 
will be the number of tons or cubic yards conforming to all 
the requirements in the completed work. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

408.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 408.04.01, “Meas- 
urement,” will be paid for at the contract unit price bid 
per ton for bituminous material and per ton or cubic yard 
for screenings. 

The above prices shall be full compensation for furnish- 
ing the material, mixing, loading, hauling, placing, rolling, 
sweeping, and incidentals necessary for doing all the work 
involved in placing bituminous material and screenings, as 
shown on the plans or established by the Engineer. 

The Department reserves the right to increase or to omit 
all or any part of the estimated amount of screening mate- 
rial or bituminous material to be used and no additional 
compensation shall be allowed by reason of such increase 
or decrease. 

Flagmen and pilot cars will be paid for in accordance 
with Section 624, ““Accommodations for Public Traffic.” 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 
Pay Item Pay Unit 

Baguidiisphalt (ty pe) scl ssicncoct Meech pe tea teenaz-ceey- cbcaelenps cone deeepe Ton 
BPrRISIICH ASDOAIL (EVDO) occa i Ton 
ate a STIPE, cas, os am ema ae aga entra neon 0 Ton or Cubic Yard 



SECTION 409 

PORTLAND CEMENT CONCRETE PAVEMENT 

DESCRIPTION 

409.01.01 General. This work shall consist of a 
pavement composed of Portland cement concrete, with or 
without reinforcement as specified, constructed on a pre- 
pared subgrade or base course in accordance with these 
specifications and in reasonably close conformity with the 
lines, grades, thicknesses, and typical cross sections shown 
on the plans or established by the Engineer. 

At the option of the Contractor, concrete pavement may 
be constructed with equipment utilizing stationary side 
forms or by the use of slip-form paving equipment. 

MATERIALS 

409.02.01 General. Materials shall conform to the 
requirements of the following sections and subsections: 

ine, Agere gate. cnn. eee: Boro Fle tape. eeu: Subsection 706.03.03 
(OUTSS AR OLO CALC. ee erececanss mT iat tema Subsection 706.03.01 
POT UANG MC CMCn Cre torrente meee tae a eee eee Section 701 
WV Ate Tree aio Oe eae eee sees Lee et ot Senna r= Gare ares Oe: Section 722 
Air-Entraining Admixtures..........................-....- Subsection 702.03.03 
Joint; Filleriiz, nz:iab ct 2rgeeewa..ol cia Subsection 707.03.01 
CUPID ls MatCLI ALS: sles Bec thces die Sine: tres st eee OR Subsection 702.03.01 
DUDE AUC TE DCU mi En ee. eae ek ee Subsection 702.03.02 
Reimforcementseassce ned sck, Shia. ete eee, eee ees Section 713 

An inadequate water supply shall be concluded sufficient 
cause for delaying or stopping mixing operations. In case of 
a deficiency of water, the requirements for subgrade and 
curing concrete previously placed shall have priority over 
mixing. 

409.02.02 Gradation Requirements. Gradation re- 
quirements shall conform to the requirements as specified 
in subsection 501.02.02, “Gradation Requirements.” 

409.02.03 Concrete Properties and Tests. Portland 
cement concrete pavement shall be subject to the following 
requirements and test methods: 
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PORTLAND CEMENT CONCRETE PAVEMENT 409 

Test Test Designation Requirements 

_ Flexural Strength of Subsection 409.03.13, “Pro- 
: Concrete fences, Nev. T442 tection of Pavement” 

Length of Drilled Subsection 409.04.02, - 
COTES AE)! Wass cae 2 Nev. T452 “Pavement Thickness” 

Proportions of 
Coarse Aggregate Compliance with uniformity 
In Fresh Concrete...Nev. T449* specified in test method 

BHM p 22258. 2G eto! Nev. T439 or Table I 
Nev. T438 

Evaluation of Profiles. Nev. T446 Subsection 409.03.11, 
“Riding Tolerances” 

12 foot Straightedge 0.01 ft. max. longitudinal 
Wolcrances......... Nev. T380 —0.02 ft. max. transverse 

Method of Test for 
Specific Gravity and 
Absorption of Min. saturated surface dry 
Coarse Aggregate.... Nev. T492 condition 

_ Method of Test for 
Specific Gravity and 
Absorption of Min. saturated surface dry 
Coarse Aggregate....Nev. T493 condition 

*Referee Test Method. 

CONSTRUCTION 

409.03.01 Classification and Proportions. The Con- 
tractor shall notify the Engineer not less than thirty-two 
(32) calendar days in advance of use of the proposed 
sources of materials and shall make arrangements for the 

_ Engineer to obtain samples as required for testing pur- 
poses. 
When requested by the Contractor and allowed in writ- 

ing by the Engineer, samples will not be required from 
aggregate sources previously tested within the past one (1) 
year. 

Samples will not exceed five hundred (500) pounds for 
_ each separate grading. The Contractor shall furnish a writ- 
_ ten statement giving the cement factor in sacks per cubic 

yard, the proportions of cement, water, and each size of 
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ageregate in S.S.D. condition, and the percentage of air in 
the concrete proposed for use in the work. If the Contrac- 
tor proposes to use an admixture other than an air-entrain- 
ing agent, he shall state its complete brand name and the 
quantity proposed to be used per sack of cement. The Engi- 
neer, after making such tests as he deems advisable, will 

either accept the proposed materials and proportions or 
suggest modifications needed for acceptance. After accept- 
ance by the Engineer of batch proportions and materials, 
they shall not be altered during the course of the work 
except as found necessary to maintain yield, cement factor, 
and unit weight within specification requirements. 

Portland cement concrete shall be proportioned, using 
the aggregates tested, such that the requirements in Table I 
will be satisfied without falling below the minimum, or 
exceeding the maximum values given. 
-The cement factor of any individual batch placed in the 

work shall not be more than 0.15 sack per cubic yard less, 
nor more than 0.25 sack per cubic yard greater than the 
designated factor (sacks of cement per cubic yard). Aggre- 
gates shall be batched and reported to the resident engi- 
neer. The weights used may be varied as necessary to 
comply with the above tolerances in cement factor and unit 
weight. | 

Coarse and fine aggregate in each batch of concrete shall 
be combined in proportions that will produce a mixture 
within the grading limits for combined aggregates specified 
as follows: 

Grading Limits of Combined Aggregates 

Sieve Sizes Percentage Passing 

20° 100 

1” 90-100 

je 50-86 

34" 45-75 
¥%"” 38-55 

No. 4 30-45 

No. 8 23-38 

No. 16 15-33 

No. 30 8—22 

No. 50 4-13 
No. 100 1-5 
No. 200 0-3 
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409 PORTLAND CEMENT CONCRETE PAVEMENT 

409.03.02 Equipment. (a) General. Equipment and 
tools necessary for handling materials and performing all 
parts of the work must meet the approval of the Engineer 
as to design, capacity, and mechanical condition. This 
equipment shall be on the site, available for inspection, 
testing, and approval before paving operations are started. 
All equipment, tools, and machinery shall be maintained in 

a satisfactory working condition. 
The Contractor shall provide equipment of such capacity 

that the paver will operate continuously or at a constant 
rate of production insofar as feasible. In the event that 
any piece of equipment does not have sufficient capacity 
to keep pace with the other operations, the Engineer may 
limit the size of the batch or otherwise limit the rate of 
production to prevent poor workmanship, overloading of 
equipment, or frequent delays. 

Any equipment operating entirely or partially on the | 
pavement, regardless of the age of the pavement, shall be 
equipped so that only rubber-tired wheels will come in 
contact with the pavement. 

(b) Batch Piant and Equipment. When the size of the | 
batch of concrete aggregates to be mixed exceeds one (1) 
cubic yard, the Contractor shall install and maintain in 
operating condition, an electrically actuated moisture meter | 
that will indicate on a readily visible scale the percentage | 
of moisture in the fine aggregate as it is batched within | 
a sensitivity of one-half (12) percent by weight of the fine 
aggregate. | 

For all batches with a volume of one (1) cubic yard or 
more, the batching equipment shall conform to one of the 
following combinations: | 

1. Separate boxes and separate dial or beam scales | 
for weighing each size of aggregate. 

2. Single box and dial or multiple beam type scales | 
for all aggregates. | 

3. Single box or separate boxes and automatic 
weighing mechanism for all aggregates. 

In order to check the accuracy of batch weights, the. 
gross weight and tare weight of batch trucks, truck mixers, 
and truck agitators shall be determined when ordered) 
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PORTLAND CEMENT CONCRETE PAVEMENT 469 

by the Engineer. The equipment shall be weighed at the 
Contractor’s expense on scales approved by the Engineer. 

Aggregates and bulk cement for use in pavement shall 
be proportioned by weight by means of automatic pro- 
portioning devices of approved type conforming to the 
requirements specified herein. 

Bulk cement shall be weighed on scales separate and 
distinct from the aggregate hopper or hoppers. The dis- 
charge mechanism of the bulk cement hopper shall be 
interlocked against opening before the full amount of 
cement is in the hopper, against closing before the con- 
tents of the hopper are entirely discharged and the scales 
are back in balance, and against opening when the amount 
of cement in the hopper is either over or under weight by 
more than one (1) percent of the amount specified. 

The bulk cement batcher and aggregate batched shall be 
so interlocked that a new batch of cement cannot be started 
until all weigh hoppers are empty, the scale at zero, and 
the discharge gates closed. The interlock shall permit no 
part of the batch to be discharged until all aggregate 
hoppers and the cement hopper are charged with the 
correct weight. 

The discharge gate on the cement hopper shall be so 
designed to permit regulating the flow of cement into the 
aggregate as approved by the Engineer. 

Material discharged from the several bins shall be con- 
trolled by gates or by mechanical conveyors. The means of 
withdrawal from the several bins, and of discharge from 

_ the weigh box, shall be so interlocked that not more than 
one bin can discharge at a time; that the order of discharge 

can be changed; and that the weigh box cannot be tripped 
until the required quantity from each of the several bins 
has been deposited therein. Should a separate weigh box 

be used for each size of aggregate, all may be operated 
and discharged simultaneously. 

When the discharge from the several bins is controlled 
| _by gates, each gate shall be actuated automatically so that 

: i 
} 

the required weight is discharged into a weigh box, after 
which the gate shall automatically close and lock. 

The automatic weighing device of the dial or multiple 

305 



409 PORTLAND CEMENT CONCRETE PAVEMENT 

beam scaie shall be so designed that the number of pro- 
portions required may be set on the dial or dial control 
and beams at the same time, and that proportions and the 

sequence of weighing individual sizes may be changed 
without delay. 

It is the intention of this specification that the device 
shall be automatic to the extent that the only manual oper- 
ation required for proportioning the aggregates and cement 
for one batch shall be a single operation of a switch or a 
starter. 

(c) Mixers. All mixing equipment shall meet the pro- 
visions set forth in subsection 501.03.06, “Machine Mix- 

ing.” 

(d) Finishing Equipment. 
1. Finishing Machine. Screeding and tamping 

shall be performed with two reciprocating screeds between 
which is mounted a tamping bar actuated at each end by 
positive displacement devices. 

2. Vibrators. The concrete for the full paving 
width shall be vibrated by means of surface vibrators with — 
internal vibrators adjacent to each longitudinal edge or by 
some other method of vibration that produces equivalent 
results without segregation. The rate of vibration shall be | 
not less than three thousand five hundred (3,500) vibra- 

tions per minute for surface vibrators and five thousand | 

(5,000) vibrations per minute for internal vibrators. The 
amplitude of vibration shall be sufficient to be perceptible 
on the surface of the concrete more than one (1) foot 
from the vibrating element. The Contractor shall furnish a 
tachometer or other suitable device for measuring and) 
indicating the actual frequency of vibrations. | 

Vibrators shall not rest on new pavements or side 
forms. Power to the vibrators shall be so connected that 
vibration will cease when the forward or backward motion | 
of the machine is stopped. 

(e) Concrete Saw. The Contractor shall provide saw- 
ing equipment adequate in number of units and power to. 
complete the sawing with a water-cooled diamond edge. 
saw blade or an abrasive wheel to the required dimensions | 
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and at the required rate. The Contractor shall provide at 
least one standby saw in good working order. An ample 
supply of saw biades shall be maintained at the site of the 
work at all times during sawing operations. 

(f) Forms. 
1. Side Form. Metal side forms shall be used 

exclusively and shall weigh, not including stakes, not less 
than eighteen (18) pounds per linear foot for pavement 
0.67 foot thick, not less than twenty (20) pounds per linear 

foot for pavement 0.75 foot thick, and not less than twenty- 
two (22) pounds per linear foot for pavement 0.83 foot 
thick. 

For pavement edges more than 0.67 foot thick, the 

forms used for 0.67 foot pavement may be built-up by 
rigidly attaching a metal section to either the top or the 

- bottom of the form, or both. The attachment and form 

_ shall act as a rigid unit and shall conform to the weight 
| requirements above for the dimension of the built-up unit. 
_ The width of the base shall be equal to 0.67 foot or to 

eighty (80) percent of the specified thickness of the pave- 
_ ment, whichever is the greater. 
| Side forms shall be of such section and of sufficient 
_ rigidity, both in the form and in the interlocking connec- 
_ tion with the adjoining forms, that springing will not occur 
| under the weight of the subgrading and paving equipment 
_or from the pressure of the pavement when placed. The 
_ Contractor shall provide sufficient forms so that there will 
_ be no delay in placing the pavement due to lack of forms. 
| Side form sections shall be straight, free from warps, 
' bends, indentations, or other defects. Defective forms shall 

_ be removed from the work. 
| 2. Slip-Form. Slip-form paving equipment shall be 
_ equipped with traveling side forms of sufficient dimen- 
_ sions, shape, and strength to support the concrete laterally 
. for a sufficient length of time during placement to produce 
| pavement of the required cross section. 

No abrupt changes in longitudinal alignment of the 
_ pavement will be permitted. The horizontal deviation shall 
- not exceed 0.10 foot from the alignment established by 

_ the Engineer. 
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409.03.03 Preparation of Grade. Unless otherwise 
provided in the contract documents, concrete pavement 
shall be placed on a cement treated base conforming to 
the provisions of Section 304, “Portland Cement Treated 
Base.” 

The subgrade shall be moist at the time of placing con- 
crete. The subgrade shall be thoroughly wet the night 
before or at least six (6) hours prior to placing the con- 
crete, and again sprinkled immediately before the concrete 
is placed on it. Sprinkling shall be such that mud and pools 
of water will not be formed. At the time of placing the 
concrete, the grade shall not be muddy, soft, or frozen. 

409.03.04 Setting Forms. Before placing side forms, 
the underlying material shall be at the proper grade. Side 
forms shall have full bearing upon the foundation through- 
out their length and width of base and shall be placed to 
the required grade and alignment of the edge of the finished 
pavement. They shall be so supported that they will not 
deviate vertically at any time more than 0.01 foot from 
the grade established by the Engineer. 

The maximum vertical deviation of the top of any side 
form, including joints, shall not exceed 0.01 foot from a 
twelve (12) foot straightedge, nor shall the inside face 
vary more than 0.02 foot from a twelve (12) foot straight- 
edge. Stake pockets and interlocking devices shall be in 
such condition that they will prevent movement of the 
form. 

Side forms shall be staked firmly by means of steel 
stakes at each end of the section and at intermediate | 
points not more than five (5) feet apart and shall be so 
designed that stakes may be driven through the base of the | 
form. Forms shall be provided with means for locking 
stakes in position. Side form sections shall be laid with an | 
expansion gap of approximately 0.01 foot. The stakes} 
used in staking side forms shall be of sufficient length so 
that the side forms will be held firmly in place. Any lateral) 
movement of forms greater than 0.02 foot while supporting | 
moving equipment shall be considered as evidence that; 
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the steel stakes do not hold the side forms firmly in place 
and longer stakes shall be provided by the Contractor at 
his expense. 

Immediately in advance of placing pavement and after 
all subgrade operations are completed, side forms shall 
be trued and maintained to the required line and grade for 
a distance sufficient to prevent delay in placing the pave- 
ment. 

Side forms shall remain in place until the day after plac- 
ing the pavement, and in all cases until the edge of the 
pavement no longer requires the protection of the forms. 

Side forms shall be thoroughly cleaned and oiled each 
time they are used and before pavement is placed against 
them. 

409.03.05 Reinforcement. Concrete pavement shall 
be reinforced at structure approaches and other locations 
as shown on the plans or directed by the Engineer, and as 
specified in this section. 

Bar reinforcement shall conform to the provisions in 
Section 505, “Reinforcing Steel.” 

Bar reinforcement shall be held accurately and firmly in 
position during the placing and compacting of the con- 
crete without sagging by means of supporting devices 
which shall be left in place. The supports shall be specially 

manufactured for the purpose and each support shall be 
| capable of supporting a vertical load of two hundred 
(200) pounds. 
| 

| 409.03.06 Mixing. Mixing of concrete shall conform 
to the provisions in subsections 501.03.06, “Machine Mix- 
| ing,” and 501.03.08, ‘“Retempering,”’ and in addition 
thereto shall meet the following requirements: 
_ Suitable nonresettable batch counter shall be provided 
_and maintained in proper operating order, which will cor- 
tectly indicate the number of batches proportioned at the 
batching plant and mixed in the mixers. 

All concrete shall be homogeneous and thoroughly 
mixed in appearance, and there shall be no lumps or other 
| evidence of undispersed cement. 
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Concrete mixed at the site of the work or in a central 
mixing plant shall be mixed not less than fifty (50) sec- 
onds nor more than ninety (90) seconds. Four (4) seconds 
shall be added to the specified mixing time if timing starts 
the instant the skip reaches its maximum raised position. 
Mixing time ends when the discharge chute opens. Trans- 
fer time in multiple drum mixers is included in mixing time. 
The contents of an individual mixer drum shall be removed 
before a succeeding batch is emptied therein. 

The batch shall be so charged into the drum that a por- 
tion of the mixing water shall enter in advance of the 
cement and aggregates. The flow of water shall be uniform 
and all water shall be in the drum by the end of the first 
fifteen (15) seconds of the mixing period. The throat of the 
drum shall be kept free of such accumulations as may 
restrict the free flow of materials into the drum. 

409.03.07 Placing Concrete. The Contractor shall 
make adequate advance arrangements for preventing delay 
in delivery and placing of the concrete. An interval of 
more than forty-five (45) minutes between placing of any 
two consecutive batches or loads shall constitute cause for 
stopping paving operations and the Contractor shall make. 
a contact joint at his expense at the location and of the 
type directed by the Engineer, in the concrete already 
placed. 

Unless otherwise specified, concrete pavement shall be. 
placed in twelve (12) foot traffic lane widths separated by 
contact joints as shown on the plans, or, at the option of) 
the Contractor, the concrete pavement may be placed. 
monolithic two or more lanes wide without a contact joint, 
but with a longitudinal weakened plane joint at each| 
traffic lane line. 

All concrete shall be used while fresh. The use of water 
for retempering any concrete will not be permitted. 

Any concrete showing improper portions of materials, 
including water, shall not be used in the pavement and any 
such unsatisfactory concrete shall be removed and disposed: 
of by the Contractor at his expense. 

The Contractor shall protect freshly placed concrete 
4 
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from damage by any cause and any damage shall be 
repaired by the Contractor at his expense. 

Expansion joint material shall be protected while 
depositing fresh concrete adjacent thereto. 

Concrete work shall be adequately barricaded in all 
directions to protect the work. 

Equipment that damages the cement-treated base, as 
judged by the Engineer, will be prohibited from traveling 
thereon. 

409.03.08 Spreading, Compacting, and Shaping. (a) 
Side Form Construction. The concrete shall be dis- 
tributed uniformly with a mechanical spreader. 

The spread concrete shall be vibrated, screeded, and 
_ tamped by a machine or machines. 

The number and capacity of machines furnished shall 
be adequate to perform the work required at a rate equal 

to the progress of the mixer. Any delay in excess of fifteen 
(15) minutes in vibrating, screeding, and tamping shall 
constitute cause for stopping the mixer until the machines 
performing such work are again in proper position in the 

| paving train. 
Screeding and tamping shall be performed by making at 

least two complete passes over the entire area of the pave-— 
ment. On the first pass, the tamper shall be adjusted to 
produce the proper tamping action and the tamping bar 

- shall not be operated during the second pass unless other- 
wise directed by the Engineer. The screeds shall be 
_ adjusted to an elevation slightly above grade so that when 
| properly consolidated and finished, the completed surface 

| of the pavement will be at the established grade, true to 
_ the cross section shown on the plans, and free from porous 

_ areas. The tops of the forms or the adjacent pavement and 
the contact surface of the crawler tracks or wheels shall be 
Kept clean by effective devices attached to the machine. 
_ The travel of the machine shall be maintained true without 
lift, wobble, or other variation tending to affect precision 
» screeding. The machine shall be of ample strength to with- 
_ stand severe use and shall be fully and accurately adjust- 
able to compensate for wear. During each pass of the 
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machine, a roll of concrete shall be maintained ahead of 
the front screed for the entire width of pavement being 
placed and except when making an expansion joint, the 
machine shall not be operated beyond that point where 
the roll of concrete can be maintained. The intent of this 
specification is that the equipment shall produce a surface 
requiring minimum cutting during the floating and final 
finishing as specified in subsection 409.03.10, “Finishing.” 

Concrete required to be placed in widths less than a 
traffic lane may be compacted and shaped by a powered 
mechanical compacting and shaping machine, supple- 
mented by hand methods as necessary. Where hand com- 
paction is performed, the tamper shall be constructed of 
heavy plank which length exceeds the width of pavement 
by a minimum of one (1) foot; shall be shod with a heavy 
strip of metal for a tamping surface; and shall be stiffened 
adequately to maintain the required shape during use. For 
concrete production in excess of forty (40) cubic yards 
per hour, and where all compaction is performed by hand 
methods, not less than two tampers shall be used. 

The hand tamper shall be used with a combined tamping 
and longitudinal motion raising it from the side form and 
dropping it to consolidate the concrete. A surplus of con- 
crete shall be kept in front of the hand tamper and tamp- 
ing shall continue until the required cross section is 
obtained and the mortar flushes slightly to the surface. — 

Where hand compaction is performed on grades in 
excess of five (5) percent, a light strike board constructed 
similar to the heavy tamper shall be used following the 
heavy tamper or tampers to correct any displacement 
caused by flow of the concrete. 

(b) Slip-Form Construction. Slip-form paving equip- 
ment shall spread, consolidate, screed, and float-finish the | 
freshly placed concrete in such a manner that a minimum 
of finishing with a hand float, as specified herein, will be © 
required to provide a dense and homogeneous pavement. | 

The concrete shall be distributed uniformly into final | 
position by the slip-form paver without delay. 

The concrete, for the full paving width, shall be effec- _ 
tively consolidated by internal vibration with transverse — 
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vibrating units or a series of equally spaced longitudinal 
vibrating units. If a series of longitudinal vibrating units 
are used, they shall be equally spaced at intervals not to 
exceed two and one-half (212) feet, measured center to 
center. 

The term “internal vibration” specified in the above 
paragraph shall be construed to mean vibration by means 
of vibrating units located within the specified thickness of 
pavement section and a minimum distance ahead of the 
screed equal to the pavement thickness. 

When concrete is being placed adjacent to an existing 
pavement, that part of the equipment which is supported 
on the existing pavement shall be equipped with protective 
pads on crawler tracks or rubber-tired wheels on which 
the bearing surface shall be offset to run a sufficient dis- 
tance from the edge of the pavement to avoid breaking or 

cracking the pavement edge. 

At locations inaccessible to slip-form paving equipment, 
concrete pavement shall be placed by methods and equip- 
ment conforming to the requirements for placing concrete 
in widths less than a traffic lane, as specified in subsection 
409.03.08(a), “Side Form Construction.” At such loca- 
tions, the use of stationary side forms conforming to sub- 
section 409.03.02(f)1, “Side Form,” will be required. 
Locations inaccessible to the slip-form paving equipment 
shall be finished by the hand float method and equipment 
specified in subsection 409.03.10(c), “Hand Float Method.” 

409.03.09 Joints. (a) General. Joints in pavement 
will be designated as longitudinal and transverse contact 
joints, transverse expansion joints, and longitudinal and 
transverse weakened plane joints, and shall be constructed 
as shown on the plans and in accordance with the foliow- 
ing provisions: 

All transverse joints shall be constructed at the angle to 
the centerline of the pavement shown on the plans, and 
the faces of all joints both transverse and longitudinal 
shall be normal to the surface of the pavement. 

All sawed joints shall be clean and free of all foreign 
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material after completion of shoulder work and prior to 
acceptance of the contract. 

Bent tie bars shall be bent at right angles approximately 
four (4) inches from one end to form a support resting on 
the subgrade. The free end of the bar shall be bent along 
the side form so as to lie parallel to the pavement edge. 
After the first lane of pavement is completed, the bar shall 
be straightened to the proper position before paving the 
adjoining lane. If an “S” shaped bend is formed in 
straightening the bar, the offset from a straight line shall 
not be more than 0.1 foot. 

Straight tie bars shall be placed mechanically to a uni- 
form depth of 0.33 foot for the longitudinal contact joints. 

Tie bars shall be required for all contact joints and 
shall be placed as specified in this subsection and as indi- 
cated on the plans. Tie bars will not be required in longi- 
tudinal weakened plane joints in multi-lane monolithic 
pavement or in transverse weakened plane joints. 

Tie bars may be bent at right angles against the form of 
the first lane constructed and straightened into final posi- 
tion before the concrete of the adjacent lane is placed, or 
in lieu of bent tie bars, approved two-piece connectors 
may be used. 

(b) Contact Joints. Contact joints are those made by 
placing fresh concrete against hardened concrete at planned 
locations. 

Concrete on both sides of longitudinal contact joints 
shall be connected with tie bars as shown on the plans. 

When the plans require the construction of keyways, 
the grooved portion of the keyway shall be constructed as 
part of the pavement width being placed. 

(c) Weakened Plane Joints. Weakened plane joints 
shall be formed by cutting a groove in the pavement with 
a power driven saw at the locations shown on the plans. 
The grooves shall be cut to a minimum depth of 0.17 foot 
and the width shall be the minimum width possible with 
the type of saw being used, but in no case shall the width 
exceed 0.02 foot. The sawed joint shall go through the 
pavement edge at full depth of cut. Every fourth planned 
transverse weakened plane joint in the initial lane of 
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concrete and also the first joint immediately after the 
transverse contact joint shall be sawed within twenty-four 
(24) hours after the concrete has been placed, unless other- 

wise permitted by the Engineer, the exact time to be deter- 
mined by the Engineer. Every second planned transverse 
weakened plane joint shall be sawed within forty-eight 
(48) hours after placing the concrete, unless otherwise per- 

mitted by the Engineer, the exact time to be determined 
by the Engineer. The remaining longitudinal and trans- 
verse weakened plane joints may be sawed at such time, 
after twenty-four (24) hours, as the Contractor may elect, 
except they shall be completed before placing concrete 
in succeeding adjacent lanes and before permitting the 
Contractor’s traffic or public traffic to use the pavement. 

In succeeding lanes of the concrete pavement, trans- 
verse joints opposite those which have opened in the 
initial lane shall be sawed within twenty-four (24) hours 
after the concrete has been placed, the exact time to be 
determined by the Engineer, but in all cases not more than 
three (3) consecutive planned transverse weakened plane 
joints shall be omitted. The remaining longitudinal and 
transverse weakened plane joints may be sawed at such 
time, after twenty-four (24) hours, as the Contractor may 

elect, except they shall be completed before placing con- 
crete in the succeeding adjacent lane and before permitting 
the Contractor’s traffic or public traffic to use the pave- 
ment. 

No sawing shall be done where volunteer transverse 
cracks exist. If a volunteer transverse crack falls within 
five (5) feet of the location of a proposed sawed joint, 
the sawed joint shall be omitted. Joints sawed in violation 
of the provisions in this paragraph will not be paid for. 

When the pavement is cured by means of a curing seal, 
all portions of the seal which have been disturbed by saw- 
ing operations shall be restored by spraying the areas with 

additional curing seal. 

The Contractor shall keep a standby power saw on the 
project at all times when concrete paving operations are 
under way. 

315 



409 PORTLAND CEMENT CONCRETE PAVEMENT 

When indicated on the plans, sawed transverse weak- 
ened plane joints shall be sealed with a preformed elastic 
joint sealer and lubricant adhesive as specified herein. The 
preformed elastic joint sealer and lubricant adhesive shall 
conform to the requirements of subsection 707.03.06, 
“Preformed Elastic Joint Sealer.” 

The elastic joint sealer shall be installed in one contin- 
uous piece without field splices and be placed so that 
its top edge is below the riding surface, but no deeper than 
one-fourth (14) inch below the surface. The joint sealer 
shall be of the width recommended by the manufacturer 
for the width of the groove sawed in the pavement. The 
top edge of the seal shall be in contact with the vertical 
walls of the joint. If spalling is evident, major spalling 
shall be repaired. Damaged seals shall be replaced. The 
seal shall be placed using equipment that insures against 
the seal being in tension in the joint. The seal shall be 
precut to the exact length of joint for each joint prior to 
placement unless the installing equipment can demonstrate 
the installation of the seal without elongation. The seal 
should be installed and measured for stretch. Over five (5) 
percent in stretch shall be rejected and the seal removed 
and reinstalled. The lubricant adhesive shall be applied in 
a continuous film to the sides of the seal prior to being 
placed in the joint. Any lubricant adhesive on the top of 
the installed seal shall be removed before it dries. 

At the option of the Contractor, longitudinal weakened 
plane joints at traffic lane lines in multi-lane monolithic 
concrete pavement may be formed by placing a continuous 
strip of plastic or other material which will not react 
adversely with the chemical constituents of the concrete. 
The joint insert material shall be of such width and char- 
acter that when placed vertically in the concrete it will not 
bond with the concrete and will form an effective weakened 
plane joint of 0.17 foot minimum depth. The joint mate- 
rial shall be inserted with a mechanical device that places 
the material in a continuous strip, except where intervening 
structures break the continuity of paving. Splices in the 
joint material will be permitted providing they are effective 
in maintaining the continuity of the joint material as 
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placed. The joint material shall be placed in such manner 
that the top of the strip is not more than 0.01 foot below 
the finished surface of the concrete. The joint material 
shall not be deformed from a vertical position, either in the 
installation or in subsequent finishing operations performed 
on the concrete. The alignment of the finished joint shall 
be uniformly parallel with the centerline of the pavement 
and shall be free of any local irregularity which exceeds 
0.04 foot measured by a twelve (12) foot straightedge, 
except for normal curvature of centerline alignment. Dur- 
ing the placing of the strip, the mechanical installation 
device shall vibrate the concrete sufficiently to cause the 
concrete to flow evenly about the joint material producing 
homogeneous concrete free of segregation and rock pockets 
or voids. 

(d) Transverse Expansion Joints. Transverse expan- 

sion joints shall be formed at structure approaches as 
shown on the plans and as specified herein. 

Transverse expansion joints shall be formed by means 
of joint filler strips conforming to the provisions in Sec- 
tion 707, “Joint Materials,” and placed as specified herein. 

The joint strips shall be firmly supported in position by 
metal holders and end supports. The supports shall be held 
firmly in position and shall remain in place after com- 
pletion of the pavement. 

The metal holders shall be fabricated of sheet steel not 
less than 16 gage. They shall be in the form of a deep 
channel, extending down on both sides of the joint strip 
to a depth of not less than 0.37 foot. They shall be slotted 
and cut away as necessary, to allow the concrete to make 
contact with the joint strip at close intervals. The ends of 
the holders shall be spread to admit the end supports. 

During placing and compacting the concrete, the joint 
holder and end supports shall be so secured as to insure 
against movement of the joint strip and to keep the top 
edge of the joint strip approximately 0.04 foot below the 
surface of the finished pavement. After the concrete has 
been placed and compaction completed, the metal holder 
may be removed and a suitable shallow metal channel sub- 
stituted therefore which shall fit snugly over the top edge of 
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the joint strip and shall remain there until the joint is 
edged. 

Filler shall extend the full width of the concrete being 
placed less 0.04 foot and after the side forms have been 
removed, any concrete which has flowed around the ends 
of the joint filler shall be removed. 

This work shall also include furnishing and installing 
“Preformed Polyethylene Joint Filler” in the concrete 
pavement in accordance with the details shown on the 
plans and as hereinafter specified. 

The new concrete pavement shall be saw cut at loca- 
tions shown on the plans for placement of the polyethylene 
joint filler. Forming of the open joint and subsequently 
removing the forms to allow placement of the joint filler 
will not be permitted. The joint shall be saw cut full width 
of the concrete pavement and full depth and shall be four 
(4) inches wide with a tolerance of plus zero (0) inches 
and minus one-eighth (4%) inch between joint faces. 
Remove all concrete between the cuts and thoroughly 
clean the open joint with compressed air. 

The height of the polyethylene joint filler shall be such 
that the top surface of the installed filler is one-half (2) 
inch below the finished surface of the concrete pavement. 
The width of the joint filler shall be four (4) inches. Prior 
to inserting the filler into the open joint, all sides of the 
material which will be in contact with concrete shall be 
coated with a joint lubricant and adhesive recommended 
by the manufacturer of the filler material. 

The polyethylene joint filler material shall conform to 
the following requirements: 

The material shall be black, flexible, low density, 

expanded extruded polyethylene plank formed by the 
expansion of polyethylene base resin, extruded as a multi- 
cellular, closed cell, homogeneous foamed polyethylene. 
Laminations will not be permitted. 

The joint material shall conform to the following physi- 
cal property requirements: 

Compression, p.s.i. when tested in accordance with 
ASTM Designation: D1056 except that compressive 
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strength shall be determined at ten (10) percent and 

eighty (80) percent deflection: 

mt 10) nercent Ueneccuon es .... Fee, SEA sc. less than 10 
AYs0 percent défiection 22). et ees Shs less than 125 

Water absorption when tested in accordance with ASTM 
Designation: C272 using conditioning procedure 4.1.1 at 
a temperature of fifty (50) plus or minus three (3) degrees 
Centigrade: 

Percent Dy wolume. 200 Lie oat Sears ee See: less than 0.5 

Density when tested in accordance with ASTM Desig- 
nation: D1564: 

EVUUCS DEF CUDIGIIOOU..Ascric st atta eee eek ites ee tee 2.60.2 

Size: Thickness shall be four (4) inches, plus one-half 

(142) inch, minus zero (0) inch. Width shall be sufficient to 
fill the joint without laminating to within one-half (12) 
inch below the finished surface of the concrete pavement. 

409.03.10 Finishing. (a) General. Unless adequate 
lighting facilities are provided by the Contractor, placing 
of concrete shall cease at such time so that finishing opera- 
tions can be completed during daylight hours. 

Necessary workmen shall remain at work long enough 
to complete the finishing and curing of the pavement. 

At the start of each day’s work, the Contractor shall 

mark at the edge of the pavement nearest the outside 
shoulder with an approved stamp, his name, the month, 
day, and year such section is placed, and the Engineer’s 
station fifty (50) feet back from the location of the joint. 
The stamp shall be approximately one (1) foot by two 
(2) feet in size and shall be furnished by the Contractor 
and the cost thereof will be included in the paving items. 

In case fine cracks or hair checks appear in newly 
placed concrete before it is thoroughly set, water shall be 
applied to the concrete surfacing, in the form of a fine 
fog mist until the finishing operations are completed and 
the curing is applied. 
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(b) Machine Float Method. The surface of the con- 
crete shall be finished smooth and true to grade by means 
of a machine float. 

The number and capacity of machines furnished shall 
be adequate to perform the work required at a rate equal 
to the progress of the mixer. Any delay in excess of thirty 
(30) minutes in performing the preliminary finishing shall 
constitute cause for stopping the mixer until the machine 
or machines performing such work are again in proper 
position in the paving train. 

The machine float shall be self-propelled and designed 
to run on the side forms or adjacent lanes of concrete. 
When the machine float runs on the adjacent pavement, 
the pavement shall be protected as specified in subsec- 
tion 409.03.02(a), “Equipment—General.” The aggregate 
length of the floats in contact with the surface shall not 
be less than four (4) feet per foot of width of concrete 
being finished. The floats shall be of such length and shall 
be set at angles with the axis of the machine so as to 
effectively spread and smooth the surface of the concrete, 

eliminating unevenness and producing a surface texture 
of uniform appearance. The machine shall be equipped 
with a suitable full-width metal roller placed at one end 
ahead of all floats, which roller will have the effect of more 
fully embedding the coarse aggregate in the cement mortar 
and of bringing a slight excess of mortar to the surface of 
the concrete. The machine shall be equipped with a suit- 
able water tank and spraying device designed to keep the 
roller clean and to spray water in a fine mist on the 
concrete surface as directed by the Engineer. All floats 
shall be constructed of hardwood, steel, or be steel shod. 

The roller and floats shall be equipped with adjusting 
devices which will permit the independent adjustment of 
each to the required cross section of the pavement and 
which will permit the lowering and raising of the floats 
both individually and as a unit. The machine shall be 
capable of operating at speeds adequate to perform all 
finishing operations necessary. The speed of operation 
shail be such as to give the best results. Alternative equip- 
ment may be substituted for the equipment provided for in 
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this section, provided the finished surface conforms to the 
provisions specified herein. 

(c) Hand Float Method. The surface of the concrete 

shall be finished smooth and true to grade with two wooden 
floats sixteen (16) feet long, one (1) inch thick and four 
(4) inches wide, rigidly ribbed and with adjusting screws 
between the rib and float bars at not more than two (2) 
foot centers, to insure a true and flat surface on the under 

side at all times. Each float shall be operated from the side 
of the pavement and the float shall be parallel with the 
centerline of the pavement. The edge of the float shall be 
used to cut down all high areas, and the material so 

removed shall be fioated into the depressions until a true 
surface is obtained. Each successive passage of the float 
shall just lap the previous path. Upon completion of the 
passage, the fioat shall be brought back and the overlap 
between the two passages smoothed. 

The floats shall be operated as far back of the tamping 
machine as the concrete remains workable and the number 
of passes shall be sufficient to remove all perceptible 
inequalities. 

At least one spare float in good condition shall be avail- 
able on the work at all times. 

(d) Final Finish. After the preliminary finishing has 
been completed, the edges of an initial pavement lane shall 
be rounded to a one-half (2) inch radius. Transverse 
contact joints, expansion joints, and joints adjacent to an 
existing pavement shall be rounded to a one-fourth (14) 
inch radius. 

In advance of the curing operations, or as directed by 
the Engineer, the pavement shall be textured with a drag 
strip of burlap or other device which will produce scor- 
ing parallel to the centerline. The burlap drag shall consist 
of one or more pieces of burlap fastened to a cross mem- 
ber riding on the subgrade or side forms by means of 
wheels or skids to form a continuous strip of burlap the 
full width of the pavement. Drags shall be maintained 
clean and free from encrusted mortar. Drags that cannot 
be cleaned shall be discarded and new drags substituted. 
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Completed pavement that is found to have a surface tex- 
ture which, in the opinion of the Engineer, would not 

provide satisfactory skid resistance, shall be ground or 
scored by abrasive means by the Contractor, at his 
expense, to provide a surface texture satisfactory to the 
Engineer. 

409.03.11 Riding Tolerances. Upon completion of 
the pavement, any points that are high in excess of the 
straightedge tolerances set forth in subsection 409.02.03, 
“Concrete Properties and Tests,” shall be removed by 
abrasive means as provided in this section. 

Equipment that consistently produces a finished surface 
having a Profile Index of seven (7) inches per mile or 
less shall be used. Should the Profile Index exceed the rate 
of seven (7) inches per mile, the paving operations shall be 
discontinued until other means and equipment are pro- 
posed for trial by the Contractor and are approved by 
the Engineer. Such revised methods and equipment shall 
be discontinued if they do not produce a finished surface 
having a Profile Index of seven (7) inches per mile or 
less. Operations shall not be resumed until the Engineer 
approves further changes in methods and equipment as 
proposed by the Contractor. 

In addition to the requirement for average Profile Index, 
all areas representing high points having deviations in 
excess of 0.3 inch as defined in the following paragraph, 
shall be reduced by abrasive means until such deviations 
as indicated by reruns of the profilograph do not exceed 
0.3 inch. The deviations in excess of 0.3 inch shall be 
determined by measurement of the profilogram in accord- 
ance with Test Method No. Nev. T446. 

After grinding has been completed to reduce all indi- 
vidual deviations in excess of 0.3 inch as provided in the 
above paragraph, additional grinding shall be performed 
if necessary to reduce the Profile Index, as measured by 
the profilograph to seven (7) inches per mile, or less, in 
any 0.1 mile section along any line parallel to the edge of 
the pavement. 
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Additional grinding shall be performed as necessary to 
extend the ground area laterally to the nearest lane line or 
edge of pavement and longitudinally so that the grinding 
begins and ends at lines normal to the pavement center- 
line within any one ground area. It is the intent of this 
requirement that all ground areas be neat rectangular 
areas of uniform texture. 

The Profile Index requirements herein will not apply to 
the pavement within thirty (30) feet of either end of a 
bridge. The finished surface of such pavement shall, how- 
ever, meet all other requirements in this section. 

409.03.12 Curing. (a) General. All Portland cement 
concrete pavement must be cured for seventy-two (72) 
hours by the methods specified in this section, subject to 
the conditions set forth in subsection 501.03.09(a), “Cur- 
ing—General.” In case of low temperatures, the curing 
period will be increased according to the provisions of 
subsection 501.03.10(b), “Cold Weather—General.” 

(b) Curing Compound Method. Curing by use of 
curing compound shall be as specified in subsection 501.- 
03.09(c), “Curing Compound Method.” The curing com- 
pound shall not be applied until all patching and surface 
finishing, except grinding, has been completed. When 
deemed necessary by the Engineer during periods of hot 
weather, fogging of the concrete with water shall be con- 
tinued after curing compound is applied until the Engineer 
determines that a cooling effect is no longer required. Such 
fogging after the application of the curing compound will 
be paid for as extra work as provided in subsection 104.03, 
“Extra Work.” 

(c) Waterproof Paper Method. Curing by use of 
waterproof membrane material shall be as specified in 
subsection 501.03.09(d), “Waterproof Paper.” 

409.03.13 Protection of Pavement. Concrete shall 
not be placed on frozen ground nor shall it be mixed or 
placed while the atmospheric temperature is below thirty- 
five (35) degrees Fahrenheit, unless adequate means are 

323 



409 PORTLAND CEMENT CONCRETE PAVEMENT 

employed to heat the aggregates and water, and provision 
satisfactory to the Engineer has been made for protecting 
the work. 

Placing concrete shall be stopped before the quantity of 
rainfall is sufficient to cause a flow or wash the surface. 

Upon written notice from the Engineer, all concrete 
which has been damaged shall be replaced by the Con- 
tractor at his expense. 

All concrete in pavement shall be protected from freez- 
ing or frost for a period of five (5) days after placing. The 
temperature of the surface of the concrete shall not be 
allowed to drop below forty (40) degrees Fahrenheit for 
this period of five (5) days. 

When ordered by the Engineer or shown in the contract 
documents, pavement crossings shall be constructed for 
the convenience of public traffic. The material and work 
necessary for the construction of such ramps, and their 
subsequent removal and disposal, will be paid for at the 
contract unit prices for the items of work involved and if 
there are no contract items for the work involved, payment 
for pavement crossings will be made by force account work 
as provided in subsection 104.03, “Extra Work.” Where 
public traffic will be required to cross over the new pave- 
ment, Type III Portland cement shall be used in concrete. 
When Type III Portland cement is used in concrete, and if 
permitted in writing by the Engineer, the pavement may be 
opened to traffic as soon as the concrete has developed a 
modulus of rupture of four hundred fifty (450) pounds 
per square inch. 

No traffic or Contractor’s equipment, except for sub- 
grading equipment, will be permitted on the pavement 
before a period of ten (10) calendar days has elapsed after 
the concrete has been placed, nor before the concrete has 
developed a modulus of rupture of at least four hundred 
fifty (450) pounds per square inch, as determined by Test 
Method No. Nev. T442. Concrete that fails to attain a 
modulus of rupture of four hundred fifty (450) pounds 
per square inch within ten (10) days shall not be opened to 
traffic until directed by the Engineer. 
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Equipment used to prepare subgrade may be permitted 
to ride upon one edge of the previously placed concrete at 
the end of seventy-two (72) hours, provided, however, that 
no damage is done to the pavement edge by reason of such 
operations. Any damage to the pavement resulting from 
such operations shall be repaired by the Contractor at his 
expense prior to placing the adjacent lane. 

METHOD OF MEASUREMENT 

409.04.01 Measurement. The number of square yards 
of concrete pavement to be measured for payment will be 
determined from horizontal measurements of the com- 
pleted finished surface of the pavement, except that the 
area for payment for pavement end anchors will be deter- 
mined by computing the total specified compacted volume 
of material in the anchors and converting such volume to 
an equivalent area based on the thickness of pavement 
placed on the traveled way. 

Preformed joint sealer in weakened plane joints will be 
measured by the linear foot of the sealed sawed joint. 

Preformed joint filler in transverse expansion joints and 
preformed polyethylene joint filler in four (4) inch joints 
will be measured by the linear foot of joint filler complete 
in place. 

Tie bars will not be measured for payment. 
The length of sawed joint for preformed polyethylene 

joint sealer shall be the length in feet of the joint. 
The length of sawed transverse weakened plane joints 

shall be the length in feet of the transverse weakened plane 
joints actually sawed except as otherwise provided in 
subsection 409.03.09(c), “Weakened Plane Joints.” Volun- 

teer cracks will not be included in the length of transverse 
weakened plane joints measured for payment. No measure- 
ment or separate payment will be made for longitudinal 
joints. 

409.04.02 Pavement Thickness. It is the intent of 
the specifications that concrete pavement shall be con- 
structed in accordance with the thickness requirements of 
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the plans and specifications. Tolerances allowed for sub- 
grade construction and other specification provisions which 
may affect thickness shall not be construed to modify such 
thickness requirements. 

It is agreed by the parties that compliance with the 
thickness requirements for concrete pavement will be 
determined by the Engineer in accordance with the pro- 
visions in this subsection. It is further agreed by the parties 
that the liability of the Contractor for failure to comply 
with such thickness requirements and the rights of the 
State in the event of such failure shall likewise be gov- 
erned by the provisions in this subsection. 

For the purposes of these specifications, the primary unit 
of pavement will be the area of pavement placed in each 
day’s paving operations. Within such primary unit of 
pavement, there may be an area or areas which have 
been determined to be a secondary unit or units of pave- 
ment, as provided in subsection 409.04.02(b), “Thickness 
Deficiency of More Than 0.05 Foot.” In such case, the 
primary unit area will be reduced by the secondary unit 
area included therein. 

At such time after the concrete pavement has been 
placed, as is determined by the Engineer to be appropriate, 
thickness measurements will be made in each primary unit 
of pavement at the rate of not less than one measurement 
for each one thousand (1,000) linear feet of traffic lane, or 
fraction thereof, of pavement placed. The exact location 
and number of thickness measurements within each pri- 
mary unit, both longitudinally and transversely, will be as 
determined by the Engineer. In general, thickness measure- 
ments will be made at approximately uniform intervals 
throughout each primary unit of pavement. 

If required, secondary thickness measurements will be 
made as provided in subsection 409.04.02(b), “Thickness 
Deficiency of More Than 0.05 Foot.” 

Pavement thickness variation, if any, from the thickness 
requirements of the plans and specifications will be deter- 
mined by comparing the actual thickness measurement 
with the thickness specified at the location where the 
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measurement was made. Such variation will be determined 
to the nearest 0.01 foot as either excess or deficient thick- 
ness. 

(a) Thickness Deficiency of Not More Than 0.05 Foot. 
If the thickness measurements in a primary unit are defi- 
cient in thickness by not more than 0.05 foot, thickness 
variations in such unit will be averaged, algebraically, to 
the nearest 0.01 foot, to determine the average thickness 
deficiency, if any, in said primary unit. For the purpose 
of determining the average thickness deficiency, an excess 
thickness variation of more than 0.02 foot greater than 
the thickness specified will be considered to be 0.02 foot 
greater than the specified thickness. 

For each primary unit of pavement which is deficient 
in average thickness, the Contractor shall pay to the 
Department as liquidated damages, or the Department, at 
its option, may deduct from any money due, or to become 
due the Contractor from the Department, an amount set 
forth in the following schedule: 

Deficiency Adjustment 
Average Thickness (dollar per square 
Deficiency (feet) yard) 

0.01 0.10 

0.02 0.25 

0.03 0.45 

0.04 0.70 
0.05 1.00 

(b) Thickness Deficiency of More Than 0.05 Foot. For 
each thickness measurement made in a primary unit by the 
Engineer that is deficient in thickness by more than 0.05 
foot, the Engineer will determine from secondary thickness 
measurements the dimensions of the secondary unit area 
where the apparent thickness deficiency is more than 0.05 
foot. The determination of the limits of said secondary unit 
area will be made by making secondary thickness measure- 
ments in each panel of pavement adjacent to the panel in 
which the original measurement in the primary unit was 
made. This procedure will continue, regardless of unit 
boundaries, until such secondary unit area is bounded by 
panels in which the secondary measurement is deficient in 
thickness by 0.05 foot or less. 
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Panels are the areas bounded by longitudinal and trans- 
verse joints and pavement edges. If a transverse weakened 
plane joint has been omitted at the location where a volun- 
teer crack exists, in accordance with the provisions on 
subsection 409.03.09(c), “Weakened Plane Joints,” the 
volunteer crack will be considered as a transverse joint only 
if the pavement adjacent thereto is not to be removed and 
replaced. If either longitudinal or transverse joints, or both 
are eliminated by the special provisions or plans, the limits 
of panels will be determined by the Enigneer as if such 
joints had been constructed. 

The secondary unit area will be made up of entire panels 
only. 

Each panel in which secondary thickness measurements 
are made pursuant to the provisions in this subsection will 
be deemed to be, in its entirety, of the thickness shown by 
such measurement. 

After the Engineer has determined the limits of the sec- 
ondary unit area, he will further determine, within such 
area, which panels, if any, will be required to be removed 
and replaced in accordance with procedure 1, below, and 
the panels, if any, which will remain in place in accordance 
with procedure 2, below: 

1. The Contractor shall, at his expense, remove and 
replace the concrete pavement in such panels with concrete 
pavement meeting the thickness and all other requirements 
of the contract documents. If the area to be removed is not 
bounded by longitudinal or transverse joints, the Contrac- 
tor shall saw, at his expense, weakened plane joints at the 
location designated by the Engineer, conforming to the 
provisions in subsection 409.03.09(c), “Weakened Plane 
Joints.” Subgrade shall be lowered as necessary to meet the 
full thickness requirements. Replaced pavement will be 
tested for thickness compliance by means of additional 
secondary measurements and will be subject to all of the 
thickness requirements of the specifications. 

2. The Contractor shall leave such panels of pave- 
ment in place without payment, if they meet all of the other 
requirements of the contract documents. 
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The cost of all secondary thickness measurements 
made in accordance with the provisions in this subsection, 
including filling of any necessary holes with concrete, will 
be deducted from any money due, or that may become due, 
the Contractor under the contract. 

After eliminating the secondary unit area, or areas, 
and the thickness measurements therein from considera- 
tion, the average thickness deficiency, if any, of the 
remainder of primary unit areas will be determined as 
provided in subsection 409.04.02(a), “Thickness Deficiency 
of Not More Than 0.05 Foot.” Secondary thickness meas- 
urements made outside of a secondary unit area may be 
used to determine average thickness deficiency, if any, in 
the remaining primary unit area in which they are taken. 

The Contractor shall not be entitled to any additional 
compensation or extension of time due to any of the provi- 
sions in this subsection. 

No additional compensation will be allowed the Con- 
tractor for any pavement constructed in excess of the thick- 
ness requirements of the contract documents. 

If the Contractor believes that the number of thickness 
measurements made in primary unit areas by the Engineer 
in accordance with the provisions in this subsection are 
insufficient to fairly indicate the actual thickness of pave- 
ment placed, he may request that additional thickness 
measurements be made by the Engineer and such addi- 
tional measurements will be used in determining the aver- 
age thickness variation. The location of all such additional 
thickness measurements will be determined by the Engi- 
neer. The cost of all such additional measurements made, 

including filling of any necessary holes with concrete, will 
be deducted from any money due, or that may become due, 
the Contractor under the contract. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

409.05.01 Payment. The accepted quantities meas- 
ured as provided in subsections 409.04.01, “Measurement,” 
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| 
| 
| 
| 
! 

and 409.04.01, “Pavement Thickness,” will be paid for at — 
the contract unit price bid per square yard for Portland © 
cement concrete pavement, and per linear foot for saw © 
transverse weakened plane joints. 

The above prices shall be full compensation for furnish- 
ing all the material including Portland cement and water, 
mixing, hauling, placing, finishing, and incidentals neces- 
sary for doing all the work as shown on the plans or estab- 
lished by the Engineer. 

Full compensation for furnishing and placing all material 
used in constructing transverse expansion joints at structure 
approaches, as indicated on the plans, shall be considered 
as included in the contract price paid per square yard for 
concrete pavement and no additional compensation will be 
allowed therefor. 

The accepted quantity of sawed joint for preformed 
polyethylene joint sealer, measured as provided in subsec- 
tion 409.04.01, will be paid for at the contract unit price 
bid per linear foot for “4-inch Expansion Joint (saw cut),” 
which payment shall be considered full compensation for 
all sawing, removing of concrete and preparing the joint 
ready for the polyethylene joint filler as well as for all 
labor, tools and equipment necessary to complete the joint 
ready for the joint sealer. 

The accepted quantity of preformed joint sealer, in 
weakened plane joints or preformed joint filler in transverse 
expansion joints, measured as provided in subsection 409.- 
04.01, “Measurement,” will be paid for at the contract 
unit price bid per linear foot for “Joint Sealer” or “Joint 
Filler, 4-inch,” which payment shall be considered full 
compensation for furnishing all labor, materials, tools, 
equipment, supplies and incidentals necessary to install the 
joint sealer or joint filler complete in place in the accepted 
work. 

Reinforcement, except tie bars, will be paid for as pro- 
vided in Section 505, “Reinforcing Steel.” 

Tie bars will not be paid for directly but the cost thereof 
shall be considered included in the contract unit price bid 
for other items of work and no further compensation will 
be allowed therefor. 
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All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Partial payments for Portland cement concrete pavement 
may be made as set forth under subsection 109.06, “Partial 
Payments.” 

Payment will be made under: 

Pay Item Pay Unit 

Portland Cement Concrete 
Pavement. €. 2. ninches is. nical ds. avoerenndn..x Square Yard 

Saw Transverse Weakened 

hed buna Peli 6 aed ie one io ae, ie Senet Me ee RCS place Fo oa Linear Foot 
NTT poe Sl Beta or ren Mee Sie celle Mie pecan merlin: Miata alec Linear Foot 

4-inch Expansion Joint (saw cut)....................-...2......--.. Linear Foot 
foints Pillered-inchs be 3ised -myohiiing leet ee... Linear Foot 
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SECTION 495 

PRESTRESSING CAST-IN-PLACE CONCRETE 

DESCRIPTION 

495.01.01 General. This work shall consist of pre- 
stressing cast-in-place concrete by furnishing, placing, and 
tensioning of prestressing steel in accordance with details 
shown on the plans, and as specified herein. 

This work shall include the furnishing and installation of 
any appurtenant items necessary for the particular pre- 
stressing system to be used, including but not limited to 
ducts, anchorage assemblies and grout used for pressure 
grouting ducts. 

For prestressed cast-in-place concrete, the term “mem- 
ber” as used in this section shall be considered to mean the 
concrete which is to be prestressed. 

MATERIALS 

495.02.01 General. Prestressing steel shall be high- 
tensile wire conforming to ASTM Designation: A421, 
high-tensile wire strand conforming to ASTM Designation: 
A416 or high-tensile strength alloy bars conforming to the 
requirements in this section, or any combination thereof. 

The cross-sectional steel area of wire strand shall be 
within 0.005-square inch of the nominal steel areas shown 
in Table I of ASTM Designation: A416 and in Table I 
below. 

In the event the Contractor elects to use a wire strand 
manufactured to a higher breaking strength than is speci- 
fied in ASTM Designation: A416, such higher strength 
strand shall, in addition, conform to the following require- 
ments: 

TABLE I 

Breaking Strength Requirements 

Nominal Diameter (Inches)................ ¥e Ag io) 
Breaking Strength (Lbs.), Min........... 23,000 31,000 41,300 
Nominal Steel Area (Sq. In.).............. 0.085 0.116 0.155 
Nominal Weight, 1,000 ft. (Lbs.)...... 292 400 525 
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TABLE II 

Yield Strength Requirements 

Nominal Diameter (Inches)..............-. ¥e AG WY 
Tati (a ss ae 2,300 3,100 4,130 
Minimum Load, 1 percent Extension 

(CL.DS. ) co. ccnccececendstec-n ule ae 19,600 26,400 35,100 

High-tensile strength alloy bars shall be individually 
proof tested during the manufacturing process to a mini- 
mum of eighty-seven (87) percent of the manufacturer’s 
minimum guaranteed ultimate strength, and shall be ther- 
mally stress relieved to produce a suitable and uniform 
metallurgical structure. The mechanical properties of the 
prestressed bars shall conform to the following require- 
ments: 

Nominal ULTIMATE TENSILE YIELD STRENGTH 
Nominal] Area -—STRENGTH, Las. MIN.— Las. MIN .1———. 
Diameter Square Special Regular Special Regular 
Inches Inches -—Grade— -—Grade— -—Grade— —Grade— 

1262 2 1.485 237,600 215,300 207,900 193,100 
Behe anes E2ct 196,300 177,900 171,800 159,500 
|. en ear ne 0.994 159,000 144,100 139,200 129,200 
Heit oz... 0.785 125,600 113,800 109,900 102,100 
Ce 0.601 96,200 87,100 84,100 78,100 
1 IS Pe 0.442 70,700 64,100 61,900 57,500 

Elongation is 20 bar diameters after rupture, min. percent........ 4.0 
Reduction} in-dvea; mim: percents. ..20)2542-5i3- al ate esti 20.0 
Modulus of elasticity at 70 percent of the manufacturer’s 
minimum guaranteed ultimate strength, min. p.s.i............. pipe oi Vs 

Permissible Variations in Size: The maximum variation in diameter 

of a bar shall not exceed +2.0 percent or —1.0 percent from 
the nominal diameter. 

1Measured by the 0.7 percent extension under load method. 

All bars in any individual member shall be of the same 
grade, unless otherwise permitted by the Engineer. 

Wires shall be straightened if necessary to produce equal 
stress in all wire or wire groups or parallel lay cables that 
are to be stressed simultaneously or when necessary to 
insure proper positioning in the ducts. 

Where wires are to be button-headed, the buttons shall 
be cold formed symmetrically about the axes of the wires. 
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The buttons shall develop the minimum guaranteed ulti- 
mate tensile strength of the wire. No cold forming process 
shall be used that caused indentations in the wire. 

All prestressing steel shall be protected against physical 
damage and rust or other results of corrosion at all times 
from manufacture to grouting or encasing in concrete. 
Prestressing steel that has sustained physical damage at any 
time shall be rejected. The development of visible rust or 
other results of corrosion shall be cause for rejection, 
when ordered by the Engineer. 

Prestressing steel shall be packaged in containers or 
shipping forms for the protection of the steel against physi- 
cal damage and corrosion during shipping and storage. A 
corrosion inhibitor which prevents rust or other results 
of corrosion shall be placed in the package or form, or 
shall be incorporated in a corrosion inhibitor carrier type 
packaging material, or when permitted by the Engineer, 
may be applied directly to the steel. The corrosion inhibi- 
tor shall have no deleterious effect on the steel or concrete 
or bond strength of steel to concrete. Packaging or forms 
damaged from any cause shall be immediately replaced or 
restored to original condition. 

The shipping package or form shall be clearly marked 
with a statement that the package contains high-strength 
prestressing steel, and the care to be used in handling, and 

the type, kind and amount of corrosion inhibitor used, 
including the date when placed, safety orders and instruc- 
tion for use. 

If ordered by the Engineer, the Contractor shall submit 
the following for the corrosion inhibitor: 

(a) A sample, a list of chemicals and their proportions, 
and instructions for use. 

(b) Evidence that the prestressing steel will be pro- 
tected from rust and other results of corrosion. 

(c) A Certificate of Compliance in accordance with the 
provisions in subsection 106.05, “Certificates of Compli- 
ance,” of the Standard Specifications. 

Prestressing steel for post-tensioning which is installed 
in members prior to placing and curing of the concrete, 
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shall be continuously protected against rust or other cor- 
rosion, until grouted, by means of a corrosion inhibitor 
placed in the ducts or applied to the steel in the duct. The 
corrosion inhibitor shail conform to the requirements spec- 
ified above. 

All water used for flushing ducts shall contain either 
quick lime (calcium oxide) or slaked lime (calcium hydrox- 

ide) in the amount of 0.1 pound per gallon. All compressed 
air used to blow out ducts shall be oil free. 

When acceptable prestressing steel for post-tensioning 
is installed in the ducts after completion of concrete curing, 
and if stressing and grouting are completed within ten (10) 
calendar days after the installation of the prestressing steel, 
rust which may form during said ten (10) days will not 
be cause for rejection of the steel. Prestressing steel 
installed, tensioned and grouted in this manner, all within 
ten (10) calendar days, will not require the use of a cor- 
rosion inhibitor in the duct following installation of the 
prestressing steel. Prestressing steel installed as above but 
not grouted within ten (10) calendar days shall be subject 
to all the requirements in this section pertaining to cor- 
rosion protection and rejection because of rust. 

CONSTRUCTION 

495.03.01 General. Prestressing shall be performed 
by post-tensioning methods. The method of prestressing 
to be used shall be optional with the Contractor, subject 
to the requirements specified herein. 

The Contractor shall submit to the Engineer for review 
complete details and substantiating calculations of the 
method, materials and equipment he proposes to use in 
the prestressing operations, including any additions or 
rearrangement of reinforcing steel from that shown on the 
plans. Such details shall outline the method and sequence 
of stressing and shall include complete specifications and 
details of the prestressing steel and anchoring devices, 
working stresses, anchoring stresses, type of ducts, and all 
other data pertaining to the prestressing operations, includ- 
ing the proposed arrangement of the prestressing steel in 
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the members, pressure grouting materials and equipment. 
The Contractor shall not cast any member to be pre- 
stressed before review of the shop detail drawings is com- 
plete. 

Three sets of all shop detail drawings prepared specifi- 
cally for the contract shall be submitted to the Engineer 
for review. After review five (5) sets shall be submitted to 
the Engineer for use during construction. Shop detail 
drawings shall not exceed twenty-eight (28) inches by 
forty-two (42) inches in size and each drawing shall include 

the jobsite name of the structure as shown on the con- 
tract plans, district-county-route, bridge number, and con- 
tract number. 

At the completion of the contract, one set of either (1) 
ink tracings on cloth, (2) ink tracings on polyester base 
drafting film, (3) silver sensitized cloth duplicate tracings, 
or (4) silver sensitized polyester based reproduction films 
with matte surface on both sides, of all shop detail draw- 
ings for railroad bridges shall be furnished and delivered 
to the Engineer by the Contractor at his expense. 

495.03.02 Anchorages and Distribution. All post- 
tensioned prestressing steel shall be secured at the ends 
by means of approved permanent type anchoring devices. 

All anchorage devices for post-tensioning shall hold the 
prestressing steel at a load producing a stress of not less 
than ninety-five (95) percent of the guaranteed minimum 
tensile strength of the prestressing steel. 

When headed wires are used, the outside edge of any 
hole for prestressing wire through a stressing washer or 
through an unthreaded bearing ring or plate shall not be 
less than one-fourth (14) inch from the root of the thread 
of the washer or from the edge of the ring or plate. 

The load from the anchoring device shall be distributed 
to the concrete by means of approved devices that will 
effectively distribute the load to the concrete. 

Such approved devices shall conform to the following 
requirements: 

(a) The final unit compressive stress on the concrete 
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directly underneath the plate or assembly shall not exceed 
three thousand (3,000) pounds per square inch. 

(b) Bending stresses in the plates or assemblies induced 
by the pull of the prestressing steel shall not exceed the 
yield point of the material or cause visible distortion in 
the anchorage plate when one hundred (100) percent of 
the ultimate load is applied as determined by the Engineer. 

(c) Materials and workmanship shall conform to the 
requirements in Section 506, “Steel Structures.” 

Should the Contractor elect to furnish anchoring 
devices of a type which are sufficiently large and which 
are used in conjunction with a steel grillage embedded in 
the concrete that effectively distributes the compressive 
stresses to the concrete, the steel distribution plates or 
assemblies may be omitted. 

Where the end of a post-tensioned assembly will not 
be covered by concrete, the anchoring devices shall be 

recessed so that the ends of the prestressing steel and all 
parts of the anchoring devices will be at least two (2) 
inches inside of the end surface of the members, unless a 
greater embedment is shown on the plans. Following post- 
tensioning, the recesses shall be filled with concrete con- 

forming to the requirements for the structure and finished 
flush. 

4953.03.03 Ducts. Duct enclosures for prestressing 
steel shall be rigid galvanized ferrous metal, mortar-tight, 
and accurately placed at the locations shown on the plans 

- or approved by the Engineer. 
All ducts or anchorage assemblies shall be provided 

with pipes or other suitable connections for the injection 
of grout after prestressing. 

Ducts for prestressing steel when bars are _ used shall 
have a minimum inside diameter three-eighths (36) inch 
larger than the diameter of the bars to be used. 

Ducts for prestressing steel shall be securely fastened 
in place to prevent movement. 

After installation in the forms, the ends of ducts shall — 
at all times be covered as necessary to prevent the entry | 
of water or debris. If prestressing steel is to be installed | 
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after the concrete has been placed, duct shall be blown 
out or flushed and blown out immediately prior to instaila- 
tion of the steel. 

Rigid ducts may be fabricated with either welded or 
interlocked seams. Galvanizing of the welded seam will not 
be required. Rigid ducts shall have sufficient strength to 
maintain their correct alignment during placing of con- 
crete. Joints between sections of rigid duct shall be posi- 
tive metallic connections which do not result in angle 
changes at the joints. Water proof tape shall be used at 
the connections. Ducts shall be bent without crimping or 
flattening. Transition couplings connecting said ducts to 
anchoring devices need not be galvanized. 

All ducts for continuous structures shall be vented 
within three (3) feet of the high points or the cable path. 
Vents shall be one-half (#2) inch minimum diameter stand- 

ard pipe. Connections to ducts shall be made with metallic 
structural fasteners. The vents shall be mortar tight, taped 
as necessary, and shall provide means for injection of 
grout through the vents and for sealing the vents. Ends of 
vents shall be removed one (1) inch below the top of top 
slab after grouting has been completed. | 

495.03.04 Prestressing. All prestressing steel shall be 
tensioned by means of hydraulic jacks so that the force 
in the prestressing steel shall not be less than the value 
shown on the plans. 

Unless otherwise specified or shown on the plans, the 
average working stress in the prestressing steel shall not 
exceed sixty (60) percent of the specified minimum ultimate 
tensile stress of the prestressing steel. The maximum tem- 
porary tensile strength (jacking stress) in prestressing steel 
shall not exceed seventy-five (75) percent of the specified 

minimum ultimate tensile strength of the prestressing steel. 
The prestressing steel shall be anchored at stresses (initial 
stress) that will-result in the ultimate retention of working 
forces of not less than those shown on the plans, but in no 
case shall the initial stress exceed seventy (70) percent of 

the specified minimum ultimate tensile cle. of the at 
stressing steel. 
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Working force and working stress will be considered as 
the force and stress remaining in the prestressing steel after 
all losses, including creep and shrinkage of concrete, elastic 
compression of concrete, creep of steel, losses in post-ten- 
sioned prestressing steel due to sequence of stressing, 
friction and take up of anchorages, and all other losses 
peculiar to the method or system of prestressing have taken 
place or have been provided for. 

The loss in stress in post-tensioned prestressing steel due 
to creep and shrinkage of concrete, creep of steel, and 
sequence of stressing shall be as indicated on the plans. 

The following formula and friction coefficients shall be 
used in calculating friction losses in tendons: 

° = T,e(Ua-+-K]) 

T° = Steel stress at jacking end 
T, = Steel stress at any point x 
e = Base of Naperian logarithms 
U = Friction curvature coefficient 
a = Total angular change of prestressing steel profile 

in radians from jacking end to point x 
K = Friction wobble coefficient 
1 = Length of prestressing steel from jacking end to point x 

Type of Steel Type of Duct K U 

Bright metal wire or strand.....Galvanized—trigid...... 0.0002 0.25 
Bright metal ‘bars..<..222222)..2.- Cralvatized:. sete 0.0002 0.15 | 

Each jack used to stress tendons shall be equipped with 
either a pressure gage or a load cell for determining the 
jacking stress, at the option of the Contractor. The pressure 
gage, if used, shall have an accurate reading dial at least | 
six (6) inches in diameter and each jack and its gage shall | 
be calibrated as a unit with the cylinder extension in the | 
approximate position that it will be at final jacking force, | 
and shall be accompanied by a certified calibration chart. | 
The load cell, if used, shall be calibrated and shall be pro- 

vided with an indicator by means of which the prestressing | 
force in the tendon may be determined. The range of the | 
load cell shall be such that the lower ten (10) percent of the 
manufacturer’s rated capacity will not be used i in determin- | 
ing the jacking stress. | 
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The certified calibration charts for the hydraulic jacks, 
pressure gages, or load cells used for tensioning prestress- 
ing steel may be checked before and during tensioning 
operations with State-furnished load cells. The Contractor 
shall provide, at his expense, sufficient labor, equipment, 
and material to install and support the load cells at the pre- 
stressing tendons and to remove the load cells after the 
checking is complete, as ordered by the Engineer. The 
checking operations, except as provided in this paragraph, 
will be conducted by state forces. 

Prior to placing forms for closing slabs of box girder 
cells, the Contractor shall demonstrate to the satisfaction of 

the Engineer that either the prestressing steel is free and 
unbonded in the duct or, if prestressing steel has not yet 
been placed, that all ducts are unobstructed. 

Prior to post-tensioning any member, the Contractor 
shall demonstrate to the satisfaction of the Engineer that 
the prestressing steel is free and unbonded in the duct. 

Except as herein provided, cast-in-place concrete shall 
not be prestressed until at least ten (10) days after the last 
concrete has been placed in the member to be prestressed 
and until the compressive strength of said last placed con- 
crete has reached the strength specified for the concrete at 
the time of stressing. The Contractor at his option may, 
however, apply not more than fifty (50) percent of the 
required stressing force to the structure five (5) days or 
more from the date the last concrete was placed in the 
member to be prestressed, provided the compressive 
strength of said concrete is in accordance with the plans. 

Where F’c 3500 concrete is specified on the plans for 
cast-in-place prestressed concrete, the tendons shall not be 
tensioned until the concrete to be prestressed has attained 
a compressive strength equal to the strength at the time of 
initial prestressing shown on the plans. 

The tensioning process as applied to post-tensioned 
members shall be so conducted that tension being applied 
and the elongation of the prestressing steel may be meas- 
ured at all times. A record shall be kept of gage pressures 
and elongations at all times and shall be submitted to the 
Engineer for approval. 
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Prestressing tendons in continuous post-tensioned mem- 
bers shall be tensioned by jacking from both ends of the 
tendon. 

495.03.05 Bonding and Grouting. Post-tensioned 
prestressing steel shall be bonded to the concrete by com- 
pletely filling the entire void space between the duct and 
the tendon with grout. 

Grout shall consist of Portland cement, water, and an 
expansive admixture approved by the Engineer. 

Portland cement shall be Type II “low-alkali”; cement 
conforming to the requirements of Section 701 of the 
Standard Specifications. 

Water shall comply with the requirements of Section 722 
of the Standard Specifications. 

The use of admixtures shall comply with the require- 
ments of subsection 501.02.03 of the Standard Specifica- 
tions except that the admixture shall not contain chloride 
ions in excess of 0.25 percent by weight of admixture and 
the admixture may be dispensed in solid form. 

Water shall be first added to the mixer followed by 
cement and admixtures. 

The grout shall be mixed in mechanical mixing equip- 
ment of a type that will produce uniform and thoroughly 
mixed grout. The water content shall be not more than five 
(5) gallons per sack of cement. Retempering of grout will 
not be permitted. Grout shall be continuously agitated 
-until it is pumped. 

The pump-ability of the grout shall be determined by the 
Engineer in accordance with the U.S. Corps of Engineers 
Test Method CRD-C79. The efflux time of a grout sample 
immediately after mixing shall be not less than eleven (11) 
“seconds. 

Grouting equipment shall be capable of grouting at a | 
pressure of at least one hundred (100) pounds per square 
‘inch. 

Grouting equipment shall be furnished with a pressure | 
gage having a full-scale reading of not more than three | 
-hundred (300) pounds per square inch. 

Standby flushing equipment capable of developing a> 
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pumping pressure of two hundred fifty (250) pounds per 
square inch and of sufficient capacity to flush out any par- 
tially grouted ducts shall be provided. 

All ducts shall be clean and free of deleterious materials 
that would impair bonding of the grout or interfere with 
grouting procedures. 

All grout shall pass through a screen with 0.07 inch 
maximum clear openings prior to being introduced into the 
grout pump. . 

When hot weather conditions would contribute to quick 
stiffening of the grout, the grout shall be cooled by 
approved methods as necessary to prevent blockages during 
pumping operations. 

Grout injection pipes shall be fitted with positive 
mechanical shutoff valves. Vents and ejection pipes shall 
be fitted with valves, caps or other devices capable of with- 
standing the pumping pressures. Valves and caps shall not 
be removed or opened until the grout has set. Leakage of 
grout through the anchorage assembly shall be prevented 
by positive mechanical means. 

Grout shall be pumped through the duct and continu- 
ously wasted at the outlet until no visible slugs of water or 
air are ejected and the efflux time of ejected grout is not 
less than eleven (11) seconds. The outlet pipe shall then be 
closed and the pumping pressure held momentarily. The 
valve at the inlet shall then be closed while maintaining this 
pressure. 

The surface of concrete against which concrete encase- 
ment over anchorage assemblies is to be placed shall be 
abrasive blast cleaned and clean aggregate exposed after 
grouting of the ducts has been completed. 

495.03.06 Samples for Testing. Sampling and testing 
shall conform to the specifications of ASTM Designation: 
A416 and ASTM Designation: A421 and as specified 
below. 

Samples from each size and each heat of prestressing 
bars, from each manufactured reel of prestressing steel 
strand, from each coil of prestressing wire and from each 
lot of anchorage assemblies and bar couplers to be used 
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shall be furnished for testing. With each sample of pre- 
stressing steel wires, bars or strands furnished for testing, 
there shall be submitted a certification stating the manu- 
facturer’s minimum guaranteed ultimate tensile strength of 
the sample furnished. 

All materials for testing shall be furnished by the Con- 
tractor at his expense. The Contractor shall have no claim 
for additional compensation in the event his work is 
delayed awaiting approval of the materials furnished for 
testing. 

All bars of each size from each mill heat, all wire from 

each coil, and all strand from each manufactured reel to be 
shipped to the site shall be assigned an individual lot num- 
ber and shall be tagged in such a manner that each such lot 
can be accurately identified at the jobsite. Each lot of 
anchorage assemblies and bar couplers to be installed at the 
site shall be likewise identified. All unidentified prestressing 
steel, anchorage assemblies or bar couplers received at the 
site will be rejected. 

The following samples of materials and tendons, selected 
by the Engineer from the prestressing steel at the plant or 
jobsite, shall be furnished by the Contractor to the Engi- 
neer well in advance of anticipated use: 

(a) For wire, strand, or bars, one seven (7) foot long 
sample of each size shall be furnished for each heat or reel. 

(b) If the prestressing tendon is to be prefabricated, one 
completely fabricated prestressing tendon five (5) feet in 
length for each size of tendon shall be furnished, including 
anchorage assemblies. If the prestressing tendon is to be 
assembled at the jobsite, sufficient wire or strand and end 
fittings to make up one complete prestressing tendon five 
(5) feet in length for each size of tendon shall be furnished, 
including anchorage assemblies. 

(c) If the prestressing tendon is a bar, one seven (7) foot 
length complete with one end anchorage shall be furnished 
and in addition, if couplers are to be used with the bar, two 
four (4) foot lengths of bar equipped with one coupler and 
fabricated to fit the coupler shall be furnished. 

When prestressing systems have been previously tested 
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and approved for Department of Highways’ projects, com- 
_ plete tendon samples need not be furnished, provided there 
is no change whatsoever in the materials, design or details 
_ previously approved. Shop drawings shall contain an identi- 
_ fication of the project on which approval was obtained, 

otherwise sampling will be required. 
For prefabricated tendons, the Contractor shall give the 

: Engineer at least ten (10) days notice before commencing 
_ the installation of end fittings or the heading of wires. The 
_ Engineer will inspect end fitting installations and wire 
_ headings while such fabrication is in progress at the plant 

and will arrange for the required testing of the material to 
_ be shipped to the site. 

No prefabricated tendon shall be shipped to the site 
_ without first having been released by the Engineer, and 

each tendon shall be tagged before shipment for identifica- 
tion purposes at the site. All unidentified tendons received 
at the site will be rejected. 

Jobsite or site as referred to herein shall be considered to 

_ mean the bridge site. 
The release of any material by the Engineer shall not 

_ preclude subsequent rejection if the material is damaged in 
transit or later damaged or found to be defective. 

MEASUREMENT 

495.04.01 Measurement. The unit of measurement 

~ for “Prestressing Cast-in-Place Concrete” shall be lump 
_ sum. 

PAY MENT 

495.05.01 Payment. The contract lump sum price 
paid for “Prestressing Cast-in-Place Concrete” shall include 

| full compensation for furnishing all labor, materials, tools, 
equipment, and incidentals, and for doing all work involved 

| in furnishing, placing, and tensioning the prestressing steel 
in cast-in-place concrete structures, complete in place, as 
shown on the plans, as specified in these special provisions, 
and as directed by the Engineer. 

Full compensation for furnishing and placing additional 
deformed bar reinforcing steel required by the particular 
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system used, ducts, anchoring devices, distribution plates 
or assemblies and incidental parts, for furnishing samples 
for testing, for grouting recesses and pressure grouting 
ducts shall also be considered as included in the contract 
lump sum price paid for “Prestressing Cast-in-Place Con- 
crete,” and no additional compensation will be allowed 
therefor. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Prestressing Cast-in-Place Concrete................0.02..00c0000000+- Lump Sum 
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SECTION 501 

PORTLAND CEMENT CONCRETE 

DESCRIPTION 

| 01.01.01 General. This work shall consist of Port- 
_ land cement, fine aggregate, coarse aggregate, water and 
_ when specified, an air-entraining admixture, proportioned, 
_ placed, and cured as herein specified. 

MATERIALS 

: 501.02.01 General. Materials shall meet the require- 
_ ments of the following sections: 

me Weater eR 10 SS'2 Ye In Sots 50? 2oenbin wine tT Section 722 
_ Aggregate for Portland Cement Products...............22..... Section 706 
meroriiand Cementro 2. je) en a BT Section 701 
_ Concrete Curing Materials and Admixtures.................... Section 702 

| 501.02.02 Gradation Requirements. The gradation 
_ requirements represent the extreme limits in determining 
_ the suitability of material. The gradation from any one 
- source shall maintain a uniformity such that variations in 
| the fineness modulus will not exceed +0.2 from the fine- 

_ ness modulus of samples of the material offered for use. 
_ Fine aggregate from any one source having a variation in 
_ fineness modulus of more than 0.2 as prescribed above 
_ shall be rejected, or at the discretion of the Engineer, may 
_ be accepted subject to such approved changes. The fineness 
modulus of fine aggregate shall be determined by adding 

_ the cumulative percentages, by weight, of material retained 
_ on each of U.S. Standard sieves Nos. 4, 8, 16, 30, 50, and 

100, and dividing by 100. 
Fine aggregates from different sources of supply shall not 

be mixed or stored in the same pile. They shall not be used 
alternately in the same class of construction or job-mix 
without written permission of the Engineer. Such permis- 
sion shall be contingent on amending the job-mix and 
batch weights as necessary to protect the quality of the 
concrete produced. 
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If the fine aggregate for a job-mix is to be a composite 
material from two or more sources, material from respec- 
tive sources shall be proportioned separately or blended by 
methods which will maintain the degree of uniformity or 
gradation required by these specifications. 

Adequate supplies of aggregate shall be produced and 
stockpiled sufficiently in advance of construction operations 
as to permit sampling and testing before use. 

Coarse aggregates secured from the same or different 
sources and which vary widely in gradation shall be placed 
in separate stockpiles or bins and recombined in propor- 
tions approved by the Engineer. Different sizes of aggre- 
gates shall be stored in stockpiles sufficiently removed from 
each other to prevent the materials at the edges of piles 
from becoming intermixed. 

If the Contractor changes the source of any size of aggre- 
gate, opportunity shall be given in advance of use to permit 
the Engineer to determine the concrete-making properties 
as provided in subsection 501.02.04, “Concrete Making 
Properties.” 

3501.02.03 Admixtures. Air-entraining admixtures and 
water reducers and retarders shall conform to the require- 
ments of subsections 702.03.03, “Air-Entraining Admix- 
tures,” and 702.03.04, “Water Reducers and Retarders.” 

No admixtures shall be used without written permission 
from the Engineer, except as otherwise provided in these 
specifications or in the special provisions. 

Admixtures shall not be used to replace cement. Admix- 
tures containing chlorides as CL— in excess of one (1) per- 
cent by weight shall not be used in prestressed concrete. If 
admixtures are used to entrain air, to reduce the water- 
cement ratio, to retard or accelerate setting time, or to 

accelerate the development of strength, they shall be used 
at the rate of dosage specified in the contract documents or 
as approved by the Engineer. 

When the use of an air-entraining agent is specified, it 
shall be added in a quantity conforming to Table I of sub- 
section 501.03.04, “Classifications and Proportions.” It 
shall be measured accurately into each batch by equipment 
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and methods approved by the Engineer. Adjustments shall 
be made in the weights of the aggregates used per batch to 
compensate for increased yield due to air-entrainment so 
that the quantities of cement per cubic yard of concrete 
remain constant. Such adjustments shall be made by 
decreasing the weight of fine aggregate without changing 
the weight of coarse aggregate unless otherwise approved 
by the Engineer. 

Admixtures shall be measured accurately into each batch 
by methods approved by the Engineer. 

Except as otherwise provided for air-entraining agents, 
samples of admixtures proposed for use shall be submitted 
by the Contractor to the Engineer in advance of intended 
use sufficiently to permit tests to be made to determine 
compliance with claimed properties. 

Any type of admixture shall be uniform in properties 
throughout its use in the work. Should it be found that the 
admixture as furnished is not uniform in properties, its use 
shall be discontinued. 

Admixtures shall be dispensed in liquid form. Dispensers 
for liquid admixtures shall have sufficient capacity to meas- 
ure at one time the full quantity required for each batch. 
Unless liquid admixtures are added to premeasured water 
for the batch, their discharge into the batch shall be 

arranged to flow uniformly into the stream of water. Dos- 
ages of liquid admixtures shall not vary from the dosage 
approved by the Engineer by more than five (5) percent. 
Equipment for measurement shall be designed for conven- 
ient confirmation of the accuracy of measurement. If more 
than one liquid admixture is used, each shall be dispensed 
by separate equipment unless otherwise permitted in writ- 
ing by the Engineer. 

When water-reducing agents or water-reducing retarders 
are used, the permitted dosage of the admixture shall not 
exceed that which will result in an increase in the drying 
shrinkage of the concrete in excess of twenty (20) percent 
when used in precast, prestressed concrete; ten (10) percent 
when used in cast-in-place prestressed concrete; ten (10) 
percent when used in cast-in-place reinforced concrete; or 
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three (3) percent when used in nonreinforced concrete 
pavements. 

Water reducers shall reduce the water demand of con- 
crete for a given slump at least seven (7) percent when used 
at the maximum dosage recommended by the manufac- 
turer. Set retarders shall not be used in greater dosages than 
those recommended by the manufacturer, nor more than 
that needed to obtain the desired retardation. The strength 
of the concrete containing the admixture in the amount 
approved by the Engineer shall at the age of forty-eight 
(48) hours and longer be not less than that of similar con- 

crete without the admixture. 
When the Contractor proposes to use an air-entraining 

admixture which has been previously approved, he shall 
submit a certification stating that the admixture is the same 
as that previously approved. If an admixture offered for use 
is essentially the same (with only minor differences in con- 
centration) as another previously approved material, a cer- 
tification will be required stating that the product is 
essentially the same as the approved admixture and that no 
other admixture or chemical agent is present. 

Either prior to or at any time during construction, the 
Engineer may require that the admixture selected by the 
Contractor be further tested to determine its effect upon 
the strength of the concrete. When so tested, seven (7) days 

compressive strength of concrete made with the cement and 
aggregates in the proportions to be used in the work and 
containing the admixture under test shall not be less than 
eighty-eight (88) percent of the strength of concrete made 
with the same materials and with the same cement content 
and consistency but without the admixtures. 

501.02.04 Concrete Making Properties. Portland 
cement concrete shall be subject to the following require- 
ments and test methods: 
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Test - Test Designation Requirements 

Compressive Strength of 
Molded Concrete 

RV AICION Suction Nev. T475* Table I 

Making and Curing Con- 
crete Compression and 
Flexure Test Specimens 
in the Laboratory.............. Nev. jFASS- | ijeescdacts 

Making and Curing Con- 
crete Compression Test = 
Specimens in the Field.....Nev.T428 ewww... 

Unit Weight and Cement 
Factor, Fresh Concrete.....Nev. T435 Table I 

Aut UOnten tiated ik. Nev. T432 or Table I 
Nev. T431B 

Method of Test for Specific 
Gravity and Absorption 
of Coarse Aggregate......... Nev. T492 Min. saturated surface 

dry condition 

STUMDA Josclstatae teases Nev. T438 or ‘Table I 
Nev. T4397 

Coring Concrete...................- Nev. T474 Section 502.04.01 

*The compressive strength requirements of Portland cement concrete shall 
be based on the strength test, which is defined as the average of the breaking 
strength of three standard cylinders at twenty-eight (28) days. The cylinder 
strengths shall be determined in accordance with Test Method No. Nev. T475. 

+Unless otherwise required, Test Method No. Nev. T7438 will be used. 

A test, as defined above, will be required for each one hundred (100) cubic 
yards, or portion thereof, placed each day. There shall be at least one strength 
test made each day that concrete is placed, regardless of the volume placed. 
Other cylinders may be made and broken for information purposes. 

CONSTRUCTION 

501.03.01 Equipment Methods employed in _per- 
forming the work, and all equipment, tools, and machinery 
used for handling materials and executing any part of the 
work, shall be subject to the approval of the Engineer. 
All equipment necessary shall be on hand and approved 
before concrete operations are begun by the Contractor. 

The Contractor shall maintain the equipment in good 
condition and adjustment. Concrete mixers and other 
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equipment which are not adequate or suitable for the work 
_ shall be removed and suitable equipment shall be provided 
__ by the Contractor. 

501.03.02 Protecting and Sampling Cement. Suitable 
- means of storing and protecting the cement against mois- 

ture or other injurious effects shall be provided by the 
Contractor. Sacked or bulk cement which, for any reason, 
has become partially set or which contains lumps of caked 
cement shall be rejected and shall be immediately removed 
from the worksite. 

Different brands of cement shall not be mixed during 
use or in storage, nor shall they be used alternately in 
any one structure. The same brand and kind of cement 
shall be used in a given structure above the ground line. 

The sacked cement shall be so piled as to permit access 
for tally, inspection, and identification of each shipment. 

The Contractor shall obtain from the cement company 
from which the cement is purchased, a certificate stating 
that the cement delivered to the work complies with the 
specifications for the type of cement specified for use. 
The certificate shall be dated, signed, and indicate the 
quantity of shipment. Two copies shall be delivered directly 
to the Engineer in charge of the work. 

Upon receipt of the Certificate of Compliance, the Engi- 
neer may permit the use of the cement. When a Certificate 
of Compliance is not furnished the Engineer, the cement 
shall not be used in the work until a release for its use 
has been received by him from the Department’s Materials 
and Research Division. 

When a Certificate of Compliance is not furnished, the 
Department shall be afforded sufficient time to make a 
seven (7) day test on approved brands of cement in com- 
mon use, and a twenty-eight (28) day test on new or 
unapproved brands of cement. 

Whenever it is determined by subsequent laboratory 
tests of mill or field samples that the cement does not 
comply with the specifications, subsequent use of cement 
from the same cement company will be delayed, if required 
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by the laboratory, until tests can be made on each lot of 
cement delivered. 

All cement not conforming to the specifications and all 
cement damaged by exposure to moisture shall be removed 
immediately and permanently from the work. 

501.03.03 Storage of Aggregates. The handling and 
storage of aggregates shall be such as to prevent segrega- 
tion or contamination by foreign materials. 

In placing materials in storage or in moving them from 
storage to the mixer, any method which may cause the 
segregation, degradation, or the combining of material of 
different gradings which will result in any stockpile or 
bunker failing to meet specified requirements shall be dis- 
continued and the materials shall be reprocessed or wasted. 

501.03.04 Classifications and Proportions. The Con- 
tractor shall notify the Engineer not less than thirty-two 
(32) calendar days in advance of use of the proposed 
sources of materials and shall make arrangements for 
the Engineer to obtain samples as required for testing 
purposes. 

_ When requested by the Contractor, exceptions to the 
above requirement may be granted in writing by the Engi- 
neer under either of the following conditions: 

(a) The concrete structures on the project are minor in 
nature, such as culvert headwalls, manholes, small boxes, 

sidewalks, etc., generally, when less than one hundred 
(100) cubic yards of concrete are called for on the project. 

(b) When the aggregate source has been previously 
tested within the past one (1) year and accepted by the 
State. 

Samples will not exceed five hundred (500) pounds for 
each separate grading. The Contractor shall furnish a writ- 
ten statement giving the cement factor in sacks per cubic 
yard, the proportions of cement, water, and each size of 
ageregate by weight in a saturated surface dry condition, 
and the percentage of air in the concrete proposed for 
use in the work. If the Contractor proposes to use an 
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admixture other than an air-entraining agent, he shall 
state its complete brand name and the quantity proposed 
to be used per sack of cement. 

Portland cement concrete shall be proportioned, using 
the aggregates tested, such that the compressive strength 
requirements in Table I will be satisfied without falling 
below the minimum, or exceeding the maximum values 
given. The Contractor shall give the Engineer advance 
notice in writing when any changes are to be made in the 
batch proportions. 

Batches of concrete shall not vary more than plus or 
minus three (3) pounds per cubic foot in unit weight 
from design mix. The cement factor of any individual batch 
placed in the work shall not be more than 0.15 sack per 
cubic yard less, nor more than 0.25 sack per cubic yard 
greater than the designated factor (sacks of cement per 
cubic yard). Aggregates shall be batched and reported to 
the resident engineer. The weights used may be varied as 
necessary to comply with the above tolerances in cement 
factor and unit weight. 

501.63.05 Proportioning Methods. Except as here- 
inafter noted, aggregate bins shall conform to either (a) or 
(b) as follows: 

(a) Each specified size of aggregate shall be stored in a 
separate bin. Except as hereinafter specified, each bin 
shall be provided with an individual outlet gate, designed 
and constructed to prevent leakage when closed. The 
gates shall cut off quickly and completely. 

(b) Each size aggregate shall be weighed individually in 
a single bin, providing there is a satisfactory method 
employed to eliminate any excess material resulting from 
over-charging of the bin before the material reaches the 
surge hopper. 

(a) and (b) above will not be required when batching 

for culvert headwalls, manholes, small boxes, sidewalks, 
etc., and the total quantity of class A, AA, D, DA, con- 

crete called for on the project does not exceed three 
hundred (300) cubic yards. 
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All aggregates for use in Portland cement concrete shall 
be proportioned by weight, with the exception that aggre- 
gates for culvert headwalls, short pieces of curbs and gut- 
ter, or small sections of sidewalk and related minor work 
may be proportioned either by weight or volume as the 
Contractor may elect. Measuring boxes of known capacity 
shall be furnished and used to measure each size of aggre- 
gate proportioned by volume. 

Batches requiring fractional sacks of cement will not be 
permitted, unless the Contractor elects to weigh the cement 
in each batch. 

Bulk cement shall be weighed separately when the batch 
is one (1) cubic yard or more. The scale and weigh hopper 
for the cement shall be separate and distinct from the 
ageregate hopper or hoppers. The discharge mechanism 
of the bulk cement hopper shall be interlocked against 
opening before the full amount of cement is in the hopper, 
against closing before the contents of the hopper are 
entirely discharged and the scales are back in balance, and 
against opening when the amount of cement in the hopper 
is under weight by more than one (1) percent of the amount 
specified. An interlock system will not be required on 
projects having less than three hundred (300) cubic yards 
in the bid schedule. 

Scales utilized in the proportioning device may be of 
the springless dial type or of the multiple beam type. 

If of the dial type, the dial shall be of such size and so 
arranged that it may be read easily from the operating 
platform. 

If of the multiple beam type, the scales shall be provided 
with an indicator operated by the main beam which will 
give positive visible evidence of over or under weight. The 
indicator shall be so designed that it will operate during 
the addition of the last four hundred (400) pounds of any 
weighing. The over travel of the indicator hand shall be 
at least one-third (14) of the loading travel. The indicator 
shall be enclosed against moisture and dust. 

Weighing equipment shall be insulated against vibration 
or movement of other operating equipment in the plant. 
When the entire plant is running, the scale reading and 
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cutoff shall not vary from the weight designated by more 
than one (1) percent for cement and one and one-half 
(112) percent for any size of aggregate, nor one (1) percent 
for the total aggregate in any batch. 

Scales shall be approved with a Certificate of Inspection 
as required in subsection 109.01, “Measurement of Quan- 
tities.” 

Should separate supplies of aggregate and material of 
the same size group, but of different moisture content or 
specific gravity be available at the proportioning plant, 
withdrawals shall be made from one supply exclusively 
and the material therein completely exhausted before start- 
ing upon another. 

Stockpiled aggregates shall be in a saturated surface dry 
condition just prior to batching. The moisture content of 
the aggregate shall be such that no visible separation of 
moisture and aggregate will take place during transporta- 
tion from the proportioning plant to the point of mixing. 
Aggregate containing excess moisture shall be stockpiled 
prior to use until sufficiently dried to meet the above 
requirements. 

Batches with cement in contact with damp aggregates 
shall be mixed within thirty (30) minutes after being pro- 
portioned. Batch trucks hauling more than one batch of 
cement and aggregate shall be so constructed that materials 
do not flow from one compartment to another during haul 
or discharge. 

Coarse and fine aggregate shall be handled and meas- 
ured separately. Each bag of cement shall contain ninety- 
four (94) pounds net and shall be emptied directly into 
charging skip of the mixer. Water shall be measured either 
by volume or by weight. 

The equipment for measuring and supplying the water 
to the mixer shall be so constructed and arranged that the 
amount of water added to the mixture can be measured 
positively and that the predetermined quantity of water 
required can be discharged rapidly in one operation into 
the mixing drum without dribbling. The equipment shall 
be so designed that water from the source of supply cannot 
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enter the measuring tank while the water is being dis- 
charged from the measuring tank into the mixer. Tanks or 
other equipment for measuring and discharging water into 
the mixer shall be sufficiently accurate that the amount of 
water delivered to the mixer for any batch shall not vary 
more than one (1) percent from the required quantity of 
water for any position of the mixer with respect to level 
plane. The tanks or other equipment shall be so arranged 
as to permit the checking of the amount of water delivered 
by discharging into measured containers. 

501.03.06 Machine Mixing. (a) General. All con- 
crete shall be mixed in mechanically operated mixers, 
except that when permitted by the Engineer, batches not 
exceeding one-third (4%) cubic yard may be mixed by 
hand methods in accordance with the provisions of sub- 
section 501.03.07, “Hand Mixing.” Mixers shall have 
legible permanently attached plates showing manufac- 
turer’s rated capacity, mixing speeds, and serial number. 

Mixers may be stationary mixers or truck mixers. Agi- 
tators may be truck mixers operating at agitating speed 
or truck agitators. Each mixer and agitator shall have 
attached thereto in a prominent place a metal plate or 
plates on which is plainly marked the various uses for 
which the equipment is designed, the manufacturer’s guar- 
anteed capacity of the drum or container in terms of the 
volume of mixed concrete and the speed of rotation of the 
mixing drum or blades. 

The Contractor, at his expense, shall furnish samp!es of 
the fresh concrete and provide safe and satisfactory facili- 
ties for obtaining the samples. 

Concrete mixers may be of the revolving drum or the 
revolving blade type and the mixing drum or blades shall 
be operated uniformly at the mixing speed recommended 
by the manufacturer. 

The temperature of materials as charged into the mixer 
shall be such that the temperature of the mixed concrete 
at the time it is placed in final position is not less than 
fifty (50) degrees Fahrenheit nor more than ninety (90) 
degrees Fahrenheit as specified in subsection 501.03.10(b). 
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Aggregates and water used for mixing shall not exceed one 
hundred fifty (150) degrees Fahrenheit. 

Concrete for structures shall be mixed for a period of 
not less than sixty (60) seconds nor more than five (5) min- 

utes after all materials, including water, are in the mixer. 

Cement shall be batched and charged into the mixer 
by means that will not result either in loss of cement due 
to the effect of wind, or in accumulation of cement on 

surfaces of conveyors or hoppers, or in other conditions 
which reduce or vary the required quantity of cement in 
the concrete mixture. 

Stationary mixers having a capacity of one (1) cubic 
yard or more and all paving mixers shall be operated with 
an automatic timing device that can be locked by the 
Engineer. The time device and discharge mechanisms shall 
be so interlocked that during normal operations no part of 
the batch will be discharged until the specified mixing time 
has elapsed. 

The total elapsed time between the intermingling of 
damp aggregates and cement and the start of mixing shall 
not exceed thirty (30) minutes. 

Mixers and agitators which have an accumulation of 
hard concrete or mortar or worn blades shall not be used. 

When central-mixed concrete is furnished and non- 
agitating hauling equipment is used for transporting con- 
crete to the delivery point, for Portland cement concrete 
pavement, discharge into the laydown machine shall be 
completed within forty-five (45) minutes after the addition 
of the cement to the aggregates. 

(b) On-Site Mixed Concrete. When mixing at the site 
of the work the mixers used shall be of the paving or 
stationary type. The size of batch shall not exceed the 
rated capacity as determined by the standard requirements 
of the Associated General Contractors of America, except 

that in paving mixers when used for Portland cement con- 
crete pavement, concrete slope protection and curbs and 
sidewalks, the size of batch may exceed the rated capacity 
of the mixer as determined by the standard requirements 
of the Associated General Contractors of America to a 
total of 32.4 cubic feet in 27 E mixers and 40.8 cubic 
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feet in 34 E mixers, provided that all parts of the mixer 
will hold the overcharge without spillage, that the uni- 
formity and strength of the resulting concrete is not 
reduced, and provided further that when paving mixers are 
operating on grades in excess of six (6) percent, the size 
of batch shall not exceed 29.7 cubic feet in 27 E mixers or 
37.4 cubic feet in 34 E mixers. 

(c) Ready-Mixed Concrete. Ready-mixed concrete shall 
include central-mixed, shrink-mixed and transit-mixed 
concrete. Shrink-mixed concrete is that which has been 
mixed partially in a stationary mixer and the mixing com- 
pleted in a truck mixer. 

The size of batch in truck mixers and truck agitators 
shall not exceed the rated capacity as determined by the 
current Standard Requirements of Truck Mixer Manu- 
facturers Bureau. The size of batch in stationary mixers 
shall not exceed the rated capacity of the mixer as deter- 
mined by the standard requirements of the Associated 
General Contractors of America. No batches requiring 
fractional sacks of cement will be permitted unless all of 
the cement is weighed when added to the batch. . 

If the use of ready-mixed concrete is approved, the 
producer shall use only that cement approved by the State 
for use on the project. State approved cement shall be 
stored at the concrete plant in such a manner that it can 
be identified and kept separate from other cement. 

Ready-mixed concrete for structures shall be transported 
in truck mixers or truck agitators. 

The mixer, when loaded to capacity, shall be capable of 
combining the ingredients of the concrete within the speci- 
fied time, into a thoroughly mixed and uniform mass and 
of discharging the concrete with a satisfactory degree of 
uniformity. The agitator, when loaded to capacity, shall 
be capable of maintaining the mixed concrete in a thor- 
oughly mixed uniform mass and of discharging the concrete 
with a satisfactory degree of uniformity. 

Mixers and agitators shall be examined periodically for 
changes in condition due to accumulation of hardened 
concrete or mortar or to wear of the blades. When any 
such change of condition is found, the concrete should be 
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subjected to the slump tests. If the tests indicate that the 
concrete is not being properly mixed, the faulty equipment 
shall be corrected before its further use is allowed. 

Truck mixers shall be equipped with electrically or 
mechanically actuated revolution counters by which the 
number of revolutions of the drum or blades may be read- 
ily verified. The counters shall be of the continuous- 
registering, nonresettable type, which accurately register 
the number of revolutions, and shall be mounted on the 
truck mixer so that the Engineer may safely and conven- 
iently inspect them from alongside the truck. 

When a truck mixer is used, each batch of concrete shall 

be mixed for not less than seventy (70) nor more than 
one hundred (100) revolutions of the drum or blades at 

the rate of rotation designated by the manufacturer of the 
equipment as mixing speed. If any additional mixing is 
done, it shall be at the speed designated by the manu- 
facturer of the equipment as agitating speed. 

When shrink-mixed concrete is furnished, concrete that 

has been partially mixed at a central plant shall be trans- 
ferred to a truck mixer and all requirements for transit- 
mixed concrete shall apply. No credit in the number of 
revolutions at mixing speed shall be allowed for partial 
mixing in a central plant. 

No additional mixing water shall be incorporated into 
the concrete during hauling or after arrival at the delivery 
point, unless permitted by the Engineer. If the Engineer 
permits additional water to be incorporated into the con- 
crete, the drum shall be revolved not less than thirty (30) 
revolutions at mixing speed after the water is added and 
before discharge is commenced. 

The rate of discharge of mixed concrete from truck 
mixer-agitators shall be controlled by the speed of rotation 
of the drum in the disphatge direction with the eanGIES 
gate fully open. 

When truck mixer or truck agitator is used for trans- 
porting concrete that has been completely mixed in a 
stationary mixer, mixing during transportation shall be at 
the speed designated by the manufacturer of the ine 
ment as agitating speed. ah 
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When a truck mixer or agitator is used for transporting 
concrete, the concrete shall be delivered to the site of the 

work and discharge shall be completed within ninety (90) 
minutes after the introduction of the mixing water to the 
cement and aggregates, or the introduction of the cement 
to the aggregates. In hot weather, or under conditions 
contributing to quick stiffening of the concrete as deter- 
mined by the Engineer, a delivery time of less than ninety 
(90) minutes may be required. When a truck mixer is used 
for the complete mixing of the concrete the mixing opera- 
tions shall begin within thirty (30) minutes after the cement 
has been intermingled with the aggregate. 

If the mixing plant is such a distance from the site of 
the work that it is not practical to have the mixed concrete 
delivered and placed in forms within the time limit speci- 
fied, cement and water shall not be added until such time 
requirement can be complied with. 

The organization supplying concrete shall have sufficient 
plant capacity and transporting apparatus to insure con- 
tinuous delivery at the rate required. The rate of delivery 
of concrete shall be such as to provide for the proper 
handling and placing of concrete. An interval of more 
than forty-five (45) minutes between any two consecutive 
batches or loads, or a delivery and placing rate of less 
than eight (8) cubic yards of concrete per hour shall con- 
stitute cause for shutting down work for the remainder of 
the day, and if so ordered by the Engineer, the Contractor 
shall make, at his own expense, a construction joint at the 
location and of the type directed by the Engineer in the 
concrete already placed. 

After mixing of ready-mixed concrete has been com- 
pleted it shall be agitated continuously at agitating speed 
until it has been discharged from the drum. 

Concrete manufactured by any procedure which results 
in any unmixed lumps of cement in the mixed product 
shall be rejected. 

A ticket system shall be used for recording the transpor- 
tation and delivery of batches from the plant to the site 
of the work. The tickets will be issued by a state inspector 
to the truck operator at the plant for each load. The tickets 
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shall be delivered to the inspector at the site of the work. 
Loads which do not carry such tickets or which do not 

arrive in satisfactory condition shall not be used in the 
work. 

501.03.07 Hand Mixing. Hand mixing shall not be 
permitted, except in case of an emergency or under written 
permission of the Engineer. When permitted, it shall be 
done only on watertight platforms. The sand shall be 
spread evenly over the platform and the cement spread 
upon it. The sand and cement shall then be thoroughly 
mixed while dry by means of shovels until the mixture is 
of uniform color, after which it shall be formed into a 
“crater” and water added in the amount necessary to pro- 
duce mortar of the proper consistency. The material upon 
the outer portion of the “crater” ring shall then be shov- 
eled to the center and the entire mass turned and sliced 
until a uniform consistency is produced. The coarse aggre- 
gate shall then be thoroughly wetted and added to the 
mortar and the entire mass turned and re-turned at least 
six times and until all of the stone particles are thoroughly 
covered with mortar and the mixture is of a uniform color 
and appearance. Hand mixing will not be permitted for 
concrete to be placed under water. 

501.03.08 Retempering. Concrete shall be mixed 
only in such quantities as are required for immediate use 
and shall be placed before initial set has taken place. Any 
concrete in which initial set has begun shall be wasted and 
not used in the work. No retempering of concrete shall be 
allowed. 

~ §01.03.09 Curing. (a) General. All concrete shall 
be cured for the length of time hereinafter specified. If 
Type III cement is used, the curing time may be reduced 
as directed by the Engineer. In the event of low tempera- 
tures, the time will be increased according to the procedure 
specified in subsection 501.03.10(b), “Cold Weather.” 

Curing shall commence immediately upon completion 
of the finish. In the event that the application or placement 
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of the curing medium is delayed, curing will be as described 
under (b) below. 

(b) Water Method. The concrete shall be kept contin- 
uously wet by the application of water for a minimum 
period of seven (7) days after the concrete has been 
placed. | 

The entire surface of the concrete shall be kept damp 
by applying water in the form of a fine fog mist until the 
surface of the concrete is covered with the curing medium. 
The moisture from the nozzle shall not be applied under 
pressure directly upon the concrete and shall not be 
allowed to accumulate on the concrete in a quantity suffi- 
cient to cause a flow or wash the surface. 

Cotton mats, rugs, carpets, or earth or sand blankets 
may be used as a curing medium to retain the moisture 
during the curing period. The cotton mats, rugs, or carpets 
shall be of such character that they will retain water. — 

(c) Curing Compound Method. The entire surface of 
the concrete shall be sprayed uniformly with a curing com- 
pound. It shall be applied when just a light film of water 
is present on the surface. If the surface is dry, water shall 
be added as specified in (b) above before the curing com- 
pound is applied. 

On decks or slabs cured by this method, foot traffic 
must be held to a minimum and these surfaces shall not be 
used as a work area during the cure period. Should the 
film of the compound be damaged before the expiration 
of seven (7) days, the damaged portions shall be repaired 
immediately with additional compound. 

This method shall not be used on surfaces until all 
finishing is completed. 3 

The curing compound shall be delivered to the work in 
ready-mixed form. At the time of use, the compound shall 
be in a thoroughly mixed condition with the pigment uni- 
formly dispersed throughout the vehicle. The compound 
shall not be diluted or altered in any manner, unless dilu- 
tion is recommended by the manufacturer. 

Curing compound that has become chilled to such an 
extent that it is too viscous for: satisfactory application 
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shall be warmed to a temperature not exceeding one 
hundred (100) degrees Fahrenheit. 

The curing compound shall be applied to the exposed 
surface at a uniform minimal rate of one (1) gallon per 
one hundred fifty (150) square feet of area. 

All Portland cement concrete pavement shall be cured 
with a white pigmented curing compound. White pig- 
mented curing compound shall conform to the require- 
ments of subsection 702.03.01, except as modified herein. 

Surfaces of the concrete which are exposed to the air 
shall be sprayed uniformly so as to obtain total coverage 
of the concrete surface, with either white pigmented chlo- 
rinated rubber curing compound, or white pigmented 
curing compound at the option of the Contractor. The 
rate of application of white pigmented curing compound, 
at any point, shall be one (1) gallon per 200 +50 sq. ft. 
and the average rate of application shall be one (1) gallon 
per 200 +25 sq. ft. The rate of application for white pig- 
mented chlorinated rubber curing compound, at any point, 
shall be one (1) gallon per 250 +50 sq. ft. and the average 
rate of application shall be one (1) gallon per 250 +25 
sq. ft. Power operated spraying equipment for application 
of curing compound shall be equipped with an operational 
pressure gage and means of controlling the pressure. 

All surface finishing of the concrete shall be completed 
before application of the curing compound. The compound 
shall be applied immediately after the moisture sheen 
begins to disappear from the surface; but, before any dry- 
ing shrinkage or craze cracks begin to appear. In the event 
of any delay in the application of curing compound appli- 
cation of water with an atomizing nozzle as specified in 
subsection 501.03.09(b), water method of the Standard 

Specifications, shall be started immediately and shall be 

continued until the application of the compound is resumed 
or started. Should the film of compound be damaged from 
any causes before the expiration of seventy-two (72) hours 
after the concrete is placed, the damaged portion shall be 
repaired immediately with additional compound. 

All curing compounds shall remain sprayable at temper- 
atures above forty (40) degrees Fahrenheit and shall not 
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hard settle in storage. They shall not be diluted or altered 
in any manner after manufacture. At the time of use, the 
compound shall be in a thoroughly mixed condition with 
the pigment uniformly dispersed throughout the vehicle. 
If the compound has not been used within one hundred 
twenty (120) days after the date of manufacture, the Engi- 
neer may require additional testing before use, to determine 
compliance to requirements. 

An antisettling agent or combination of antisettling 
agents shall be incorporated in the curing compound to 
prevent caking and excessive settling of the pigment in the 
package. The total amount of antisettling agent used shall 
not exceed five (5) pounds per one hundred (100) gallons 
of the curing compound. There shall be no caking or 
excessive settling of the pigment in the package that cannot 
be readily redispersed with a paddle. 

Curing compound may be sampled by the Engineer at 
the source of supply and at the jobsite. Each container of 
a packaged compound shall be clearly labeled showing the 
date of manufacture and date of shipment, the manufac- 
turer’s name and batch number, and the type of compound. 

Portland cement concrete bridge decks that are to be 
the roadway surfaces shall be cured with a White Pig- 
mented Curing Compound—Chlorinated Rubber Base 
conforming to the requirements of Section 702. The area 
to be treated shall be the top surface of concrete bridge 
decks except that care shall be exercised to keep the com- 
pound off all parapets or other surfaces which are to 
receive a “Fine Surface Finish (““FSF’’)” as specified on the 
plans. 

The average minimal rate of application of the chlo- 
rinated rubber base type, at any point, shall be one (1) 
gallon per 250 +50 sq. ft. Power operated spraying equip- 
ment for application of curing compound shall be equipped 
with an operational pressure gage and means of con- 
trolling the pressure. 

The curing compound shall be applied to the top sur- 
face of concrete bridge decks following the surface finish- 
ing operation immediately after the moisture sheen begins 
to disappear from the surface, but before any drying 
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shrinkage or craze cracks begin to appear. In the event of 
any delay in the application of curing compound, which 
_ could result in any drying or cracking of the surface, appli- 
cation of water with an atomizing nozzle as specified in 
subsection 501.03.09(b), ““Water Method,” of the Standard 

Specifications, shall be started immediately and shall be 
continued until application of the compound is resumed 

_ or started; however, the compound shall not be applied 
_ over any resulting free standing water. Should the film of 
_ compound be damaged from any cause before the expira- 

tion of seven (7) days after the concrete is placed, the 
damaged portion shall be repaired immediately with addi- 

tional compound. 

Curing compound shall remain sprayable at tempera- 
_ tures above forty (40) degrees Fahrenheit and shall not hard 

settle in storage. The compound shall not be diluted or 
_ altered in any manner after manufacture. At the time of 

use, the compound shall be in a thoroughly mixed condi- 
tion with the pigment uniformly dispersed throughout the 

_ vehicle. If the compound has not been used within one 
_ hundred twenty (120) days after the date of manufacture, 
_ the Engineer may require additional testing before use, to 

_ determine compliance to requirements. 

An antisettling agent or combination of antisettling 
agents shall be incorporated in the curing compound to 

_ prevent caking and excessive settling of the pigment in 
_ the package. The total amount of antisettling agent used 

shall not exceed six (6) pounds per one hundred (100) 
gallons of the curing compound. There shall be no caking 
or excessive settling of the pigment in the package that 
cannot be readily redispersed with a paddle. 

The curing compound shall be packaged in clean fifty- 
_ five (55) gallon steel barrels or round five (5) gallon steel 

containers or shall be supplied from a suitable storage 
tank located at the jobsite. Each fifty-five (55) gallon 
barrel shall be equipped with a built-in agitator having 
two (2) sets of blades; one at the bottom, and the second, 

midway between top and bottom of container, and shall 
have removable lids and airtight band fasteners. On-site 
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storage tanks shall be kept clean and free of all contami- 
nants. Each tank shall have a permanent system designed 
to completely redisburse any settled material without intro- 
ducing air or any other foreign substance. Barrels shall be 
filled in a manner that will prevent skinning. Five (5) 

gallon containers shall be well sealed with ring seals and 
lug type crimp lids. The lining of the containers shall be 
of a character that will resist the solvent of the curing 
compound and will not permit skins to be loosened into 
the body of the curing compound. Each container shall be 
labeled with the manufacturer’s name, batch number, num- 

ber of gallons and date of manufacture, and shall have an 
Interstate Commerce Commission Red Label warning 
concerning flammability. The label shall also warn that 
the curing compound shall be well stirred before use. When 
the curing compound is shipped in tanks or tank trucks, 
a shipping invoice shall accompany each load. The invoice 
shall contain the same information as that required herein 
for container labels. 

The curing compound shall not be applied until all 
patching and surface finishing, except grinding, has been 
completed. When deemed necessary by the Engineer during 
periods of hot weather, fogging of the concrete with water 
shall be continued after curing compound is applied until 
the Engineer determines that a cooling effect is no longer 
required. Such fogging after the application of the curing 
compound will be paid for as extra work as provided in 
subsection 104.03, “Extra Work.” 

(d) Waterproof Paper. The membrane shall be formed 
into sheets of such width as to provide a complete cover 
of the entire concrete surface. All joints in the sheets shall 
be securely cemented together in such a manner as to 
provide a waterproof joint. Overlap of sheets shall have a 
minimum lap of eighteen (18) inches. The sheets shall be 
securely weighted down by placing a bank of earth on the 
edges of the sheets or by other means satisfactory to the 
Engineer. 

The curing membrane shall remain in place for a period 
of not less than seven (7) days. 

Should any portion of the sheets be broken or damaged 
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before the expiration of the curing period, the broken or 
damaged portion shall be immediately repaired with new 
sheets properly cemented into place, or water curing as 
described above shall commence immediately. Sections of 
the membrane shall not be used which have lost their 
waterproof qualities or have been damaged to such an 
extent as to render them unfit for curing. 

(e) Form Method. If forms are kept on concrete sur- 
faces, this will be considered adequate cure for these 
surfaces. However, should the forms be removed within 
seven (7) days after the concrete has been placed, one of 
the above methods must be used on the exposed surfaces. 

Attention is directed to subsection 502.03.12, “Removal 

of Falsework, Forms, and Housing.” 

501.03.10 Weather Limitations. (a)General. If 
impending inclement weather conditions exist, the Con- 
tractor shall decide whether or not to begin the pour and 
he shall have sole responsibility for his decision. Before 
any concrete is placed, the Contractor shall have adequate 
provisions readily available as approved by the Engineer, 
to protect the concrete from any impending weather con- 
ditions. In case precipitation should occur after placing 
operations have started, the Contractor shall provide ample 
covering to protect the work. The placing of concrete shall 
be stopped before the quantity of precipitation is sufficient 
to cause a flow or to wash the surface. 

(b) Cold Weather—General. All concrete shall be 
maintained at a temperature of not less than fifty (50) 
degrees Fahrenheit for three (3) days or not less than 
forty (40) degrees Fahrenheit for seven (7) days. The count 
of time shall commence immediately upon completion of 
final placement and vibration. The three (3) fifty (50) 
degree days need not be consecutive. 

One twenty-four (24) hour period shall constitute one 
(1) day. 

The temperature of the concrete shall be determined by 
placement of thermometers on the concrete surfaces and 
properly insulating said devices to record the surface 
temperature of the concrete in accordance with Test 
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Method No. Nev. T440. Temperatures shall be monitored 
continuously throughout the total protection time required 
by this subsection. In case the surface temperature of the 
concrete falls below forty (40) degrees Fahrenheit for a 
duration of three (3) hours or more in any twenty-four 
(24) hour period during the time of temperature protection, 
the time shall be increased one (1) day for each day this 
occurs. An absolute minimum temperature of thirty-five 
(35) degrees Fahrenheit must be maintained for the total 
time of protection specified in this subsection. Should the 
temperature of the concrete fall below thirty-five (35) 
degrees Fahrenheit at any time, damage may occur. The 
assessment of damage will be determined by the Depart- 
ment and concrete so damaged may require repair or 
replacement at the option of the Engineer. 

The concrete shall have a temperature of at least fifty 
(50) degrees Fehrenheit and not more than ninety (90) 
degrees Fahrenheit at the time of placing. (See also sub- 
section 501.03.06, “Machine Mixing.”) Heating equip- 
ment or methods which alter or prevent the entrainment of 
the required amount of air in the concrete shall not be 
used. The equipment shall be capable of heating the mate- 
rials uniformly. Aggregates and water used for mixing 
shall not be heated to a temperature exceeding one hundred 
fifty (150) degrees Fahrenheit. Concrete containing frost 
or lumps at the time of placing shall not be used. 

Stockpiled aggregates may be heated by the use of dry 
heat or steam. Aggregates shall not be heated directly by 
gas or oil flame or on sheet metal over fire. The use of 
live steam on or through binned aggregates will not be 
permitted. 

Reinforcing steel shall be free of ice, snow or frost dur- 
ing placement of concrete. Concrete shall not be placed 
on frozen ground. 

(c) Low Temperature Protection. 

1. General. After the concrete has been placed, 
means shall be taken to protect the concrete from any 
impending low temperatures. Methods and materials not 
hereinafter prescribed may be used if approved by the 
Engineer and the following requirements adhered to: 
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a. Materials shall be fire resistant; 
b. Materials shall be waterproof; and 
c. Materials shall not adhere, abraid or damage the 

surface of the concrete. 
Approval of the Engineer shall not relieve the Con- 

tractor from obtaining specification results. 
2. Insulating Blankets. Insulating blankets used to 

protect concrete from low temperatures shall be fire resist- 
ant and waterproof. The blankets must be secured and 
overlapped along the edges and joints to insure that no 
opening will exist in the protection due to high winds 
or other adverse conditions. Provisions shall be made to 
allow the reading of any thermometers placed inside of 
the protection. When depositing concrete against pre- 
viously cast concrete, the blanket insulation shall extend 
at least fourteen (14) inches onto the existing concrete 
and securely held in place. 

3. Low Temperature Protection—Heating and Hous- 
ing. In order to meet the provisions of articles (a) and 
(b) of this subsection, the concrete may be protected by 
applying artificial heat within an enclosure. The enclosure 
will be constructed with fire resistant material, unless 
otherwise directed by the Engineer, and shall be subject to 
his approval. The heating system shall be so arranged as 
to provide uniform heating, insuring that the concrete 
farthest from the source of heat is receiving adequate pro- 
tection without drying the concrete near the source of 
heat so as to cause shrinkage cracks. 

(d) Hot Weather. The maximum temperature of cast- 
in-place concrete shall not exceed ninety (90) degrees 
Fahrenheit immediately before placement. 

For continuous placement on the deck on continuous 
steel units, the initial set of the concrete shall be retarded 
sufficiently to insure that it remains plastic in not less than 
the span immediately preceding the one being placed. 

For both simple and continuous spans, a retardation 
schedule shall be submitted by the Contractor and approved 
by the Engineer. 

The consistency of the concrete as placed should allow 
the completion of initial finishing operations without the 
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addition of water to the surface. When conditions are such 
that additional moisture is needed for initial finishing, the 
required water shall be applied to the surface by fog spray 
only, and shall be held to a minimum amount. Fog spray 
for this purpose may be applied with hand operated fog 
equipment, as approved by the Engineer. 

From the time of initial strike-off until final finish is 
complete, the uniformed surfaces of slab concrete shall be 
protected from rapid evaporation of mixing water from 
the concrete due to wind, high temperature, low humidity 
or combinations thereof. 

Equipment for fogging, type of evaporation retarder and 
method of application shall be approved by the Engineer. 
Equipment shall be portable adapted for intermittent use 
and operable in the direction of any prevailing wind. 

After all finishing operations are complete a final curing 
membrane shall be applied. 

BASIS OF PAYMENT 

501.05.01 Payment. Portland cement concrete will 
be measured and paid for in accordance with the pro- 
visions specified in the various sections of these specifica- 
tions covering construction requiring concrete. 
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SECTION 502 

CONCRETE STRUCTURES 

DESCRIPTION 

502.01.01 General. This work shall consist of fur- 
nishing and placing Portland cement concrete in bridges, 
culverts, headwalls, retaining walls, barrier rail, and all 
other types of concrete structures. The concrete structures 
shall be constructed to the lines and grades given by the 
Engineer and in accordance with the design shown on the 
plans; the concrete shall be of the class or classes of con- 
crete designated in the proposal and on the plans and shall 
conform to the requirements of Section 501, “Portland 
Cement Concrete.” Unless otherwise specified, Class AA 
concrete shall be used, however, the Contractor may at his 
option substitute Class DA for Class AA concrete or Class 
D for Class A concrete. 

MATERIALS 

502.02.01 General. The materials used shall be those 
prescribed for the several items which constitute the fin- 
ished work and shall conform to the requirements for such 
materials in the following sections: 

Poruand (cient CONCTCUC. eae ot eet ee ee Section 501 

Concrete Curing Materials and Admixtures.................... Section 702 
JointaMaterialsenae>. bseorxe-iis je. beialia. ad Hed: Section 707 
menforcemenioce To bale scucs wAtta rte on bet ncec Section 713 
Miscellaneous Wetals ees ae ee terrace. Section 712 
PU ASLOMETIC HCATIN G) PAGS, Aa inch cn tuvcastAge tena thse ceen ee Sans Section 725 

Type II “low alkali” cement shall be used in all concrete 
structures unless otherwise specified. 

CONSTRUCTION 

502.03.01 Depth of Footings. The elevation of the 
bottoms of footings, as shown on the plans, shall be con- 
sidered as approximate only and the Engineer may order, 
in writing, such changes in dimensions or elevations of 
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footings as may be necessary to secure a satisfactory foun- 
dation. 

502.03.02 Forms. All forms shall be built mortar 
tight and of sufficient rigidity to prevent distortion due to 
the pressure of the concrete and other loads incidental to 
the construction operations. Forms previously used shall be 
thoroughly cleaned of all dirt, mortar, and foreign matter 
before being reused. Before concrete is poured in forms all 
inside surfaces of the forms shall be thoroughly coated with 
an approved coating or form oil. Coating or form oil shall 
leave no film on the surface of the form that can be 
absorbed by the concrete. When required by the Engineer 
and immediately before placing concrete, the forms shall 
be thoroughly wetted with water. 

When requested by the Engineer, the Contractor shall 
submit detailed plans of form work for examination by the 
Engineer. If such plans are not satisfactory to the Engineer, 
the Contractor shall make such changes as may be required, 
but it is understood that the Engineer’s concurrence in the 
use of the plans as submitted or corrected shall in no way 
relieve the Contractor of responsibility in obtaining satis- 
factory results. . 

The forms shall be substantial and unyielding and shall 
be so designed that the finished concrete will conform to 
the proper dimensions and contours. The design of the 
forms shall take into account the effect of vibration on the 
concrete as it is placed. 

Forms shall be filleted at all exposed corners unless cor- 
ners are rounded as hereinafter provided. Triangular mold- 
ing used for fillets shall have two (2) equal sides. In 
general, the width of the equal sides of moldings shall be 
three-fourths (34) inch; for massive work, such as heavy 
pier copings and columns, the width shall be one and one- 
half (142) to two (2) inches. Top edges of walls may be 
filleted or rounded as hereinafter provided for curbs. Top 
edges of curbs and slabs shall be rounded with an edging 
tool to a radius of one-half (12) to three-fourths (34) inch. 

When concrete is placed in excavation, forms shall be 
provided for all vertical surfaces unless otherwise permitted 
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by the Engineer. Ports shall be provided in high, thin walls 
to permit thorough cleaning before placing concrete. 

If the forms develop any defects, such as bulging or 
sageing, after the concrete has been poured, that portion 
of the work shall be corrected in a manner satisfactory to 
the Engineer, without additional compensation to the Con- 
tractor. 

During the erection and after the completion of the 
forms, they shall be protected in such manner as to pre- 
clude shrinkage, warping, curling, and distortion. Form 
lumber used a second time shall be free from bulge or warp 
and shall be thoroughly cleaned. 

Forms for concrete over or in the vicinity of operating 
railroads shall be so constructed and placed that standard 
clearances demanded by the railroad company will be 
maintained at all times. 

The falsework and forms supporting the bottom slab of 
the superstructure of box girder structures shall remain in 
place until the curing period of the deck of the superstruc- 
ture has expired. Unless otherwise permitted by the Engi- 
neer, forms for the webs of box girders shall be removed 

before the deck slab is poured. All interior forms in box 
girders, except those permitted to remain in place, shall be 
completely removed and the inside of the box girder 
cleared of all loose material and swept clean. 

Side forms for beams, girders, columns, railing, or other 
members of the structure wherein the forms do not resist 
dead load bending may be removed as specified in subsec- 
tion 502.03.12(c). 

The side forms for arch rings, columns and piers shall be 
removed before the members of the structure which they 
support are poured or placed, so that the quality of the 
concrete may be inspected. All such side forms shall be so 
constructed that they may be removed without disturbing 
other forms which resist direct load or bending stresses. 

The condition of the forms will have a direct bearing 
upon the amount of finishing required. 

Full pieces of forms shall be used and shall extend from 
the bottom to the top of the wall or post. 
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Curved surfaces shall be formed to provide a smooth 
surface without visible breaks. 

The forms shall be so constructed that portions, where 
finishing is required, may be removed without disturbing 
portions of forms to remain. 

Forms shall be of sufficient strength to carry the dead 
weight of the concrete as a liquid without a deflection in 
excess of L, and if such deflection occurs, it shall be suf- 

270 
ficient cause for rejection of the work. 

Forms for girders and slabs shall be cambered in such 
amounts as may be required by the Engineer. 

Approved form clamps or bolts shall be used to fasten 
forms. The use of ties consisting of twisted wire loops to 
hold forms in position during the placing of concrete will 
not be permitted. 

Bolts or form clamps shall be positive in action and shall 
be of sufficient strength and number to prevent spreading 
of the forms. They shall be of such type that they can be 
entirely removed or cut back sufficiently to allow finishing 
of the concrete. 

Plywood for forms shall be “exterior type” of the grade 
Concrete-Form Exterior, conforming to the specifications 
of U.S. Department of Transportation, National Bureau of 
Standards, Commercial Standards, latest edition. Plywood 
form panels shall be furnished and placed in four (4) foot 
widths and in uniform lengths of not less than eight (8) 
feet, except where the diminsions of the member form 
are less than the specified panel dimensions. Where form 
panels are attached directly to the studding or joints, the 
panel shall not be less than five-eighths (%) inch thick. 
Form panels less than five-eighths (%) inch thick, other- 
wise conforming to the requirement herein specified, may 
be used with continuous backing of one (1) inch nom- 
inal thickness surfaced material. All form panels shall be 
placed in a neat symmetrical pattern subject to the 
approval of the Engineer. The panel shall be placed with 
the long dimension perpendicular to the studs. 

Plywood for left-in-place forms in box girders may be of 
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/ any grade and thickness that will satisfy the other require- 
_ ments of this subsection. 

Fabricated stay-in-place metal forms may be used for 
concrete floor slabs at the Contractors option when so 
noted on the plans. 

Metal forms to remain in place for concrete floor slabs 
shall be fabricated from steel conforming to ASTM Desig- 
nation: A466 (Grade A through E) having a coating class 

| of G165 according to ASTM Designation: A525. 
The following criteria shall govern the design of perma- 

nent stay-in-place steel bridge deck forms. 
The steel forms shall be designed on the basis of dead 

load of form, reinforcement and plastic concrete plus fifty 
(50) pounds per square foot for construction loads. The 
unit working stress in the steel sheet shall be not more than 
0.725 of the specified minimum yield strength of the mate- 
rial furnished, but not to exceed thirty-six thousand (36,- 
000) pounds per square inch. 

Deflection under the weight of the forms, the plastic 

concrete and reinforcement shall not exceed one one- 
eightieth (1/180) of the form span or one-half (12) inch, 

whichever is less, but in no case shall this loading be less 
than one hundred twenty (120) PSF total. 

The permissible form camber shall be based on the 
actual dead load condition. Camber shall not be used to 
compensate for deflection in excess of the foregoing limits. 

The design span of the form sheets shall be the clear 
span of the form plus two (2) inches measured parallel to 
the form flutes. 

Physical design properties shall be computed in accord- 
ance with requirements of the American Iron and Steel 
Institute Specification for the Design of Cold Formed Steel 
Structural Members, latest published edition. 

All reinforcement shall have minimum concrete cover of 
one (1) inch. 

The plan dimensions of both layers of primary deck 
reinforcement from the top surface of the concrete deck 
shall be maintained. 

Permanent steel bridge deck form shall not be considered 
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as lateral bracing for compression flanges of supporting 
structural members. 

Permanent steel bridge deck form shall not be used in 
panels where longitudinal deck construction joints are 
located between stringers. 

Welding shall not be permitted to flanges in tension or to 
structural steel bridge elements fabricated from non-weld- 
able grades of steel. 

Fabricator shop and erection drawings shall be sub- 
mitted to the Engineer for approval. These plans shall indi- 
cate the grade of steel the physical and section properties 
for all permanent steel bridge deck form sheets and a clear 
indication of locations where the forms are supported by 
steel beam flanges subject to tensile stresses. 

All forms shall be installed in accordance with detailed 
fabrication and erection plans submitted to the Engineer 
for approval. The fabrication plans shall clearly indicate 
locations where the forms are supported by steel beam 
flanges subject to tensile stresses. 

Form sheets shall not be permitted to rest directly on the 
top of the stringer or floor beam flanges. Sheets shall be 
securely fastened to form supports and shall have a mini- 
mum bearing length of one (1) inch at each end. Form sup- 
ports shall be placed in direct contact with the flange of 
stringer on floor beam. All attachments shall be made by 
permissible welds, bolts, clips or other approved means. 
However, welding of form supports to flanges of steels not 
considered weldable and to portions of flange subject to 
tensile stresses shall not be permitted. Welding and welds 
shall be in accordance with the provisions of AWS D2.0 
pertaining to fillet welds except that one-eighth (4%) inch 
fillet welds will be permitted. 

Any permanently exposed form metal where the gal- 
vanized coating has been damaged shall be thoroughly 
cleaned, wire brushed and painted with two coats of zinc 
oxide-zinc dust primer, Federal Specification TT—P-—641d, 
Type I, no color added, to the satisfaction of the Engineer. 
Minor heat discoloration in areas of welds need not be 
touched up. 
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Transverse construction joints shall be located at the bot- 
tom of a flute and one-fourth (14) inch weep holes shall be 
field drilled at not more than twelve (12) inches on center 
along the line of the joint. 

Particular emphasis shall be placed on proper vibration 
of the concrete to avoid honeycomb and voids, especially 
at construction joints, expansion joints, and valleys and 
ends of form sheets. Pouring sequences, procedures and 
mixes shall be approved by the Engineer. Calcium chloride 
or any other admixture containing chloride salts shall not 
be used in the concrete placed on permanent steel bridge 
deck forms. 

The Contractor’s method of construction shall be care- 
fully observed during all phases of the construction of the 
bridge deck slab. These phases include installation of the 
metal forms; location and fastening of the reinforcement; 

composition of concrete items; mixing procedures, concrete 
placement and vibration; and finishing of the bridge deck. 
Should the Engineer determine that the procedures used 
during the placement of the concrete warrant inspection 
of the underside of the deck, the Contractor shall remove 

at least one section of the forms at a location and time 
selected by the Engineer for each span in the contract. 
This should be done as soon after placing the concrete as 
practicable in order to provide visual evidence that the 
concrete mix and the Contractor’s procedures are obtain- 
ing the desired results. An additional section shall be 
removed if the Engineer determines that there has been 
any change in the concrete mix or in the Contractor’s pro- 
cedures warranting additional inspection. 

After the deck concrete has been in place for a minimum 
period of two (2) days, the concrete shall be tested for 
soundness and bonding of the forms by sounding with a 
hammer as directed by the Engineer. If areas of doubtful 
soundness are disclosed by this procedure, the Contractor 
will be required to remove the forms from such areas for 
visual inspection after the pour has attained adequate 
strength. This removal of the permanent steel bridge deck 
forms shall be at no cost to the project. 
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At locations where sections of the forms are removed, 
the Contractor will not be required to replace the forms, 

but the adjacent metal forms and supports shall be repaired 
to present a neat appearance and assure their satisfactory 
retention. As soon as the form is removed, the concrete 

surfaces will be examined for cavities, honeycombing and 
other defects. If irregularities are found, and it is deter- 
mined by the Engineer that these irregularities do not 
justify rejection of the work, the concrete shall be repaired 
as the Engineer may direct and shall be given an Ordinary 
Surface Finish. If the concrete where the form is removed 
is unsatisfactory, additional forms, as necessary, shall be 
removed to inspect and repair the slab, and the Contrac- 
tor’s methods of construction shall be modified as required 
to obtain satisfactory concrete in the slab. All unsatisfac- 
tory concrete shall be removed or repaired as directed by 
the Engineer. 

The amount of sounding and form removal may be 
moderated, at the Engineer’s discretion, after a substantial 
amount of slab has been constructed and inspected, if the 
Contractor’s methods of construction and the results of the 
inspections as outlined above indicate that sound concrete 
is being obtained throughout the slabs. 

502.03.03 Falsework. Detailed plans of the false- 
work or centering shall be furnished by the Contractor to 
the Engineer in accordance with subsection 105.02, “Plans 
and Working Drawings,” for any structures having a clear 
cast-in-place span of twenty (20) feet or over or any cast- 
in-place structure over traffic. If such plans are not satis- 
factory to the Engineer, the Contractor shall make such 
changes in them as may be required. 

In addition to the detailed drawings of the falsework or 
centering which are to be furnished the Engineer as speci- 
fied herein, the Contractor shall also furnish the Engineer 
with a copy of falsework or centering design calculations. 

All falsework or centering shall be designed and con- 
structed to provide the necessary rigidity and to support the 
loads. Falsework for the support of superstructures for box 
girder spans shall be designed to support the loads that 
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would be superimposed were the entire superstructure 
poured at one time. 

For designing falsework and centering, a weight of one 
hundred fifty (150) pounds per cubic foot shall be assumed 
for green concrete (one hundred twenty (120) pounds for 
lightweight concrete) and an allowance of not less than 
twenty-five (25) pounds per cubic foot for forms, live load, 
and impact. Falsework or forms shall be constructed to 
produce in the finished structure the lines and grades indi- 
cated on the plans. Suitable screw jacks or wedges in pairs 
shall be used in connection with falsework or centering to 
set the forms to grade or cambered as shown on the plans, 

or to take up any settlement in the form work either before 
or during the placing of concrete. Excessive use of block- 
ing and shims shall be cause for rejection of the falsework. 
Falsework failures shall become the sole responsibility of 
the Contractor. 

Immediately prior to placing bridge deck or slab con- 
crete, the Contractor shall check all falsework and wedges 
or jacks and shall make all necessary adjustments. Care 
shall be exercised to insure that settlement and deflection 
due to the added weight of the deck or slab concrete will 
be a minimum. Suitable means such as telltales shall be 
provided by the Contractor to permit ready measurement 
of settlement and deflection as it occurs. 

Falsework or centering shall be founded on a solid foot- 
ing safe from undermining and protected from softening. 
Falsework which cannot be founded on a satisfactory foot- 
ing shall be supported on piling which will be spaced, 
driven, and removed in a manner approved by the Engi- 
neer. 

Arch span shall be removed uniformly and gradually 
beginning at the crown and working toward the spring, to 
permit the arch to take its load slowly and evenly. Center- 
ing for bridges having two or more adjacent arch spans 
shall be struck simultaneously. 

Falsework supporting the main carrying members of all 
continuous structures shall not be removed from any span 
until all spans between expansion joints are cured. False- 
work and forms left in place in the cells of box girders shall 
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not exceed twelve (12) pounds per square foot of deck. All 
supports between the top and bottom slabs in the cells of 
box girders shall be water soaked for a period of not less 
than forty-eight (48) hours. 

502.03.04 Reinforcement. Reinforcing shall be fur- 
nished and placed as shown on the plans and in accordance 
with the applicable provisions of Section 505, “Reinforcing 
Steel,” of these specifications. 

502.03.05 Cofferdams and Cribs. Cofferdams for 
foundation construction shall be carried well below the 
bottom of the footings and shall be well braced and as 
watertight as practical. The interior dimensions of coffer- 
dams shall be such as to provide sufficient clearance for 
constructing forms and, when no seal is placed, to permit 
pumping outside the forms. 

The Contractor shall submit for approval drawings 
showing proposed method of construction of cofferdams or 
cribs in accordance with subsection 105.02, “Plans and 

Working Drawings.” Approval of such drawings shall in no 
way relieve the Contractor of his responsibility under the 
contract for the successful completion of the improvement. 
Cofferdam construction shail not start before the submitted 
drawings are approved and returned. 

After the completion of the substructure, the cofferdams 
with all sheeting and bracing shall be removed to one (1) 
foot below the stream bed, by the Contractor, and such 
removal shall be performed in such a manner as not to 
disturb or mar the finished concrete foundation. Removal 
of cofferdams, sheeting, and bracing shall be considered 
subsidiary to other pay items of work and no further pay- 
ment will be made therefor. 

502.03.06 Pumping Water. Pumping from the inte- 
rior of any foundation enclosure shall be done in such a 
manner as to preclude the possibility of the movement of 
water through any fresh concrete. No pumping will be per- 
mitted during the placing of concrete or for a period of at 
least twenty-four (24) hours thereafter, unless it be done 
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from a suitable pump separated from the concrete work by 
a watertight wall or other effective means. 

Pumping to unwater a sealed cofferdam shall not com- 
mence until the seal has set sufficiently to withstand the 
hydrostatic pressure. 

502.03.07 Mixing Concrete. All concrete shall be 
mixed and proportioned as specified in Section 501, “Port- 
land Cement Concrete.” 

502.03.08 Handling and Placing Concrete. (a) Gen- 
eral. In preparation for the placing of concrete, all saw- 
dust, chips, and other construction debris, and extraneous 

matter shall be removed from the interior of forms. Struts, 

stays, and braces, serving temporarily to hold the forms in 
correct shape and alignment, pending the placing of con- 
crete at their locations, shall be removed when the concrete 
placing has reached an elevation rendering their service 
unnecessary. These temporary members shall be entirely 
removed from the forms and not buried in the concrete. 

No concrete shall be used which does not reach its final 
position in the forms within the time stipulated under Sec- 
tion 501, “Portland Cement Concrete.” 

Surfaces on which concrete is to be placed shall be thor- 
oughly moistened with water immediately before placing 
concrete. 

Concrete shall be placed so as to avoid segregation of the 
material and the displacement of the reinforcement. The 
use of long troughs, chutes, and pipes for conveying con- 
crete from the mixer to the forms shall be permitted only 
on written authorization of the Engineer. In case an inferior 
quality of concrete is produced by the use of such convey- 
ors, the Engineer may order discontinuance of their use 
and the substitution of a satisfactory method of placing. 

Open troughs and chutes shall be of metal or metal 
lined; where steep slopes are required, the chutes shall be 
equipped with baffles or be in short lengths that reverse the 
direction of movement. 

All chutes, troughs, and pipes shall be kept clean and 
free from coatings of hardened concrete by thoroughly 

385 



502 CONCRETE STRUCTURES 

flushing with water after each run; water used for flushing 
shall be discharged clear of the structure. 

When placing operations would involve dropping the 
concrete more than five (5) feet, it shall be deposited 
through sheet metal or other approved pipes, except when 
placing concrete for thin vertical walls less than fifteen (15) 
inches thick, double belting may be used in lieu of adjust- 
able pipes or elephant trunks. As far as practicable, the 
pipes shall be kept full of concrete during placing and their 
lower ends shall be kept buried in the newly placed con- 
crete. After initial set of the concrete, the forms shall not 
be jarred and no strain shall be placed on the ends of rein- 
forcement bars which project. 

All concrete placed in concrete structures, except tremie 
steel concrete, shall be compacted by means of mechanical 
vibration subject to the following provisions: 

1. The number of vibrators employed shall be ample 
to consolidate incoming concrete to a proper degree within 
fifteen (15) minutes after it is deposited in the forms. In all 
cases, at least two vibrators shall be available at the site of 
the structures in which more than twenty-five (25) cubic 
yards is being placed. 

2. The vibration shall be internal unless special 
authorization of other methods is given by the Engineer or 
as provided herein. 

3. Vibrators shall be capable of transmitting vibra- 
tion to the concrete at frequencies of not less than four 
thousand five hundred (4,500) impulses per minute. 

4. The intensity of vibration shall be such as to 
visibly affect a mass of concrete of one (1) inch slump 
over a radius of at least eighteen (18) inches. 

5. Vibrators shall be manipulated so as to thor- 
oughly work the concrete around the reinforcement and 
imbedded fixtures and into the corners and angles of the 
forms. 

Vibration shall be applied at the point of deposit and 
in the area of freshly deposited concrete. The vibrators 
shall be inserted and withdrawn out of the concrete slowly. 
The vibration shall be of sufficient duration and intensity 
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to thoroughly compact the concrete, but shall not be con- 
tinued at any one point to the extent that localized areas 
of grout are formed. 

Application of vibrators shall be at points uniformly 
spaced and not farther apart than twice the radius over 
which the vibration is visibly effective. 

6. Vibration shall not be applied directly or through 
the reinforcement to sections or layers of concrete which 
have hardened to the degree that the concrete ceases to be 
plastic under vibration. It shall not be used to make con- 
crete flow in the forms over distances so great as to cause 
segregation, and vibrators shall not be used to transport 
concrete in the forms. 

7. Vibration shall be supplemented by such spading 
as is necessary to insure smooth surfaces and dense con- 
crete along form surfaces and in corners and locations 
impossible to reach with the vibrators. 

8. The provisions of this article shall apply to the 
filler concrete for steel grid floor except that the vibrator 
shall be applied to the steel. 

Immediately following the discontinuance of placing 
concrete, all accumulations of mortar splashed upon the 
reinforcement steel and the surfaces of forms shall be 
removed. Dried mortar chips and dust shall not be pud- 
died into the unset concrete. If the accumulations are not 
removed prior to the concrete becoming set, care shall be 
exercised not to injure or break the concrete-steel bond 
at and near the surface of the concrete while cleaning the 
reinforcement steel. 

(b) Culverts. In general, the base slab or footings of 
box culverts shall be placed and allowed to set before the 
remainder of the culvert is constructed. In this case, suit- 

able provision shall be made for bonding the sidewalls to 
the culvert base. 

Before concrete is placed in the sidewalls, the culvert 
footing shall be thoroughly cleaned of all shavings, sticks, 
sawdust, or other extraneous material and the surface 

carefully chipped and roughened in accordance with the 
method of bonding construction joints as specified therein. 
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Walls and top slab shall not be constructed as a mono- 
lith on box culverts where the depth of pour below the 
bottom of the top slab exceeds four (4) feet unless 
approved in writing by the Engineer. When this method of 
construction is used any necessary construction joints shall 
be vertical and at right angles to the axis of the culvert. 

When walls are poured separately, in non-rigid frame 
box culverts, the concrete in the walls shall be placed and 
allowed to set a minimum of two (2) hours before the top 

slab is placed. 
When walls are poured separately, in rigid frame box 

culverts, the concrete in the walls shall be placed and 
allowed to set a minimum of twelve (12) hours before the 

top slab is placed. 
Each wing wall shall be constructed, if possible, as a 

monolith. Construction joints, where unavoidable, shall be 
horizontal and so located that no joint will be visible in 
the exposed face of the wing wall above the ground line. 

(c) Girders, Slabs, and Columns. When the height of 

any point of web is more than three (3) feet from the 

bottom of the top slab to bottom of the web for “T” 
beams, or to construction joint for box girders, the top 
slab shall be poured independent of webs. 

Concrete in slab spans shall be placed in one continuous 
operation for each span unless otherwise specified. 

Concrete in columns shall be placed in one continuous 
operation unless otherwise specified. The concrete shall 
be allowed to set at least twelve (12) hours before the 
succeeding pour is started. 

Before pouring concrete for superstructure, the forms on 
base of columns shall be exposed sufficiently to determine 
the character of the concrete in the columns. 

502.03.09 Pumping Concrete. Placement of concrete 
by pumping will not be permitted unless authorized in 
writing by the Engineer. The equipment shall be so 
arranged that no vibrations result which might damage 
freshly placed concrete. 

Where concrete is conveyed and placed by mechanically 
applied pressure the equipment shall be suitable in kind 

388 



CONCRETE STRUCTURES 502 

and adequate in capacity for the work. The operation of 
the pump shall be such that a continuous stream of con- 
crete without air pockets is produced. When pumping is 
completed, the concrete remaining in the pipeline, if it is 
to be used, shall be ejected in such a manner that there 
will be no contamination of the concrete or separation of 
the ingredients. After this operation, the entire equipment 
shall be thoroughly cleaned. 

The use of aluminum conduit for concrete pumping is 
prohibited. 

502.03.10 Concrete Deposited Under Water. If con- 
ditions render it impossible or inadvisable, in the opinion 
of the Engineer, to dewater excavations before placing 
concrete, the Contractor shall deposit under water, by 
means of a tremie or underwater bottom dump bucket, a 
seal course of concrete of sufficient thickness to thoroughly 
seal the cofferdam. The concrete shall be carefully placed 
in a compact mass and shall not be disturbed after being 
deposited. Still water shall be maintained at the point of 
deposit. 

The use of an aluminum tremie for placing concrete is 
prohibited. | 

A tremie shall consist of a watertight tube having a 
diameter of not less than ten (10) inches with a hopper 
at the top. The tube shall be equipped with a device that 
will prevent water from entering the tube while charging 
the tube with concrete. The tremie shall be supported so 
as to permit free movement of the discharge end over the 
entire top surface of the work and to permit rapid lower- 
ing when necessary to retard or stop the flow of concrete. 
The tremie shall be filled by a method that will prevent 
washing of the concrete. The discharge end shall be com- 
pletely submerged in concrete at all times and the tremie 
tube shall contain sufficient concrete to prevent any water 
entry. When a batch is dumped into the hopper, the flow 
of concrete shall be induced by slightly raising the dis- 
charge end, always keeping it in the deposited concrete. 
The flow shall be continuous until the work is completed 
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and the resulting concrete seal shall be monolithic and 
homogeneous. 

The underwater bucket shall have an open top and the 
bottom doors shall open freely and outward when tripped. 
The bucket shall be completely filled and slowly lowered 
to avoid backwash and shall not be dumped until it rests 
on the surface upon which the concrete is to be deposited. 
After discharge, the bucket shall be raised slowly until 
well above the concrete. 

Concrete deposited in water shall be Class A or Class 
AA with ten (10) percent extra cement added. The exact 
thickness of the seal will depend upon the hydrostatic 
head, bond and spacing of piles, size of cofferdam, and 

other related factors, but in no case shall the seal be less 
than two (2) feet in thickness, unless otherwise shown on 
the plans. Before dewatering, the concrete in the seal 
shall be allowed to cure for not less than five (5) days 
after placing. 

If a seal which is to withstand hydrostatic pressure is 
placed in water having a temperature below forty-five (45) 
degrees Fahrenheit, the curing time before dewatering 
shall be increased. Periods of time during which the tem- 
perature of the water has been continuously below thirty- 
eight (38) degrees Fahrenheit shall not be considered as 
curing time. After sufficient time has elapsed to insure 
adequate strength in the concrete seal, the cofferdam shall 
be dewatered and the top of the concrete cleaned of all 
scum, laitance, and sediment. Before fresh concrete is 

deposited, local high spots shall be removed as necessary 
to provide proper clearance for reinforcing steel. 

502.03.11 Construction Joints. Construction joints 
shall be made only where located on the plans or shown 
in the pouring schedule, unless otherwise approved by the 
Engineer. 

Construction joints where the placing of concrete is 
delayed until the concrete has taken its initial set and for 
which no expansion is provided, shall be planned in 
advance and shall be subject to approval by the Engineer. 
The placing of concrete shall be continuous from joint to 
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joint. These joints shall be perpendicular to the principal 
lines of stress and, in general, located at points of minimum 
shear. Only joints shown on the plans will be permitted in 
a cantilevered member. Horizontal joints at piers and 
abutments, except where specified, shall generally be 
avoided, and when used shall not be located within two 

(2) feet of the normal water level. 

Unless otherwise specified, construction joints shall be 
struck off but not troweled. 

When making a horizontal construction joint, care 

shall be taken to have the concrete as dry as possible, and 
any excess water or creamy material shall be drawn off 
before the concrete sets. On all exposed surfaces, the line 
of the proposed joint shall be made truly straight by taking 
a temporary straightedge on the inside of the form and 
pouring the concrete so that it will set flush with the edge 
as provided. 

To avoid visible joints as far as possible upon exposed 
faces the top surfaces of the concrete adjacent to the 
forms shall be smoothed with a trowel. Where a “feather 
edge” might be produced at a construction joint, as in the 
sloped top surface of a wing wall, an insert form work 
shall be used to produce a blocked out portion in the 
preceding layer which shall produce an edge thickness of 
not less than six (6) inches in the succeeding layer. 

When the work is unexpectedly interrupted by break- 
downs, storm, or other causes, and the concrete as placed 
would produce an improper construction joint, the Con- 
tractor shall either rearrange the freshly deposited con- 
crete, or continue by hand mixing, if necessary, until a 
suitable arrangement is made for a construction joint. 
When such a joint occurs at a section on which there is 
shearing stress, he shall provide adequate mechanical bond 
across the joint by inserting reinforcing steel, or by some 
other means satisfactory to the Engineer, which will pre- 
vent a plane of weakness. 

In resuming work, the surface of the concrete previously 
placed shall be thoroughly cleaned of dirt, scum, laitance, 
or other soft or porous materials by one of the following 
methods: 
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(a) Concrete surface of fresh concrete (not more than 
eight (8) hours after placement) shall be cleaned with air 
and water jets in such a manner that the surface is thor- 
oughly cleaned and the aggregate is not loosened. 

(b) Hardened concrete surface (more than eight (8) 
hours after placement) shall be cleaned by abrasive blast 
methods in such a manner that the aggregate is not 
loosened or the edges of the concrete shattered. 

The surface of the joint shall be thoroughly washed 
with clean water and the forms tightened to close contact 
with the previously placed work, after which the concreting 
may proceed. The surface of the joint shall be wet just 
prior to placing new concrete. 

502.03.12 Removal of Falsework and Forms. 
(a) General. 

1. Method of form removal likely to cause over- 
stressing of the concrete shall not be used. Forms and 
their supports shall not be removed without the approval 
of the Engineer. Supports shall be removed in such a 
manner as to permit the concrete to uniformly and grad- 
ually take the stresses due to its own weight. 

2. Compressive strengths will be determined by 
Test Methods Nos. Nev. T475 and T428 and will be con- 
sidered information tests only and not acceptance tests as 
described in subsection 501.02.04, “Concrete Making 
Properties.” 

3. Attention is directed to subsection 501.03.09, 
“Curing.” 

(b) Falsework. Where stresses will be placed on the 
concrete in arch centers, centering under beams and 
girders, and in floor slabs, falsework shall not be removed 
until the concrete has reached an age of ten (10) days 
and it has reached seventy-five (75) percent of the required 
twenty-eight (28) day compressive strength. 

In the event of cold weather, the ten (10) day time 
requirements shall be increased one (1) day for every day 
the curing time is increased as prescribed in subsection 
501.03.10(b), “Cold Weather—General.” 

In case the concrete does not reach the desired strength 
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within the time specified, the Engineer shall determine 
when the strength is adequate to allow removal of false- 
work. 

Form removal and replacement with shoring will not be 
permitted. 

(c) Forms. Forms on parapets and curbs shall not be 
removed until concrete has set sufficiently to prevent dis- 
torting or cracking. 

Forms for columns, walls, sides of beams, girders and 

all other parts which are not subjected to stress shall not 
be removed until the concrete has reached a minimum age 
of twelve (12) hours. 

Forms which are subjected to stresses shall not be 
removed until the requirements of (b) above have been 
satisfied, unless otherwise approved by the Engineer. 

502.03.13 Expansion and Fixed Joints and Bearings. 
All joints shall be constructed according to details shown 
on the plans and the following: 

(a) Open Joints. Open joints shall be placed in the 
locations shown on the plans and shall be constructed by 
the insertion and subsequent removal of a wood strip, 
metal plate, or other approved material. The insertion and 
removal of the template shall be accomplished without 
chipping or breaking the corners of the concrete. Rein- 
forcement shall not extend across an open joint unless so 
specified on the plans. 

(b) Filled Joints. Poured expansion joints shall be 
constructed similar to open joints. When premolded types 
are specified, the filler shall be placed in correct position 
as the concrete on one side of the joint is placed. When 
the form is removed, the concrete on the other side shall 

be placed. 
(c) Steel Joints. The plates, angles, or other structural 

shapes shall be accurately shaped, at the shop, to con- 
form to the section of the concrete floor. The fabrication 
and painting shall conform to the requirements of these 
specifications covering those items. When called for on 
the plans or in the special provisions the materials shall be 
galvanized in lieu of painting. Care shall be taken to insure 
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that the surface in the finished plane is true and free of 
warping. Positive methods shall be employed in placing 
the joints to keep them in correct position during the plac- 
ing of the concrete. The opening at expansion joints shall 
be that designated on the plans at normal temperature, 
and care shall be taken to avoid impairment of the clear- 
ance in any manner. 

(d) Waterstops. Waterstops shall be furnished and 
installed in accordance with the details shown on the 
plans. The edge of the waterstop shall be supported in a 
manner satisfactory to the Engineer. 

Waterstops shall be manufactured from either natural 
rubber, synthetic rubber, or polyvinyl chloride (PVC), at 
the option of the Contractor. 

Waterstops shall be manufactured with an integral cross 
section which shall be uniform within + % inch in width, 
and the web thickness or bulb diameter, within +14 ¢ inch 
and —14.5 inch. No splices will be permitted in straight 
strips. Strips and special connections pieces shall be well 
cured in a manner such that any cross section shall be 
dense, homogeneous, and free from all porosity. All junc- 
tions in the special connection pieces shall be full molded. 
During the vulcanizing period the joint shall be securely 
held by suitable clamps. The material at the splices shall 
be dense and homogeneous throughout the cross section. 

Field splices for either natural or synthetic rubber 
waterstops shall be either vulcanized; mechanical, using 
stainless steel parts; or made with a rubber splicing union 
of the same stock as the waterstop, at the option of the 
Contractor. All finished splices shall have a full size 
tensile strength of 600 (width in inches) pounds. 

6 
Field splices for polyvinyl chloride waterstops shall be 

formed by heat sealing the adjacent surfaces in accordance 
with the manufacturer’s recommendations. A thermostat- 
ically controlled electric source of heat shall be used to 
make all splices. The heat shall be sufficient to melt but 
not char the plastic. 

Waterstops, when being installed, shall be cut and 
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| spliced at changes in direction as may be necessary to 
_ avoid buckling or distortion of the web or flange. 

| (ce) Bearing Devices. Bearing plates, bars, rockers, 
assemblies, and other expansion or fixed devices shall be 
constructed in accordance with the details shown on the 
plans and shall be hot-dip galvanized after fabrication in 
accordance with Section 715, “Galvanizing.” Structural 

steel and cast steel shall conform to the provisions in 
Section 506, “Steel Structures,” for those items. 

The bearing plates shall be set level and the rockers or 
other expansion devices shall be set to conform to the 
temperature at the time of erection or to the setting speci- 
fied. 

When bearing assemblies or masonry plates are shown 
on the plans to be placed (not embedded) directly on con- 

crete, the concrete bearing area shall be constructed 

slightly above grade and shall be finished by grinding or 
other approved means to a true level plane which shall not 
vary perceptibly from a straightedge placed in any direction 
across the area. The finished plane shall not vary more than 
one-eighth (¥s) inch from the elevation shown on the plans. 

When elastomeric bearing pads, elastic bearing pads, 
preformed fabric pads, or asbestos sheet packing are 
shown on the plans, the concrete surfaces on which pads 
or packing are to be placed shall be wood float finished to 
a level plane which shall not vary more than one-sixteenth 
(46) inch from a straightedge placed in any direction 
across the area. The finished plane shall not vary more than 
one-eighth (7%) inch from the elevation shown on the 
plans. 

Where bearing assemblies or masonry plates are shown 
on the plans to be placed on grout pads, they shall be 
placed in accordance with the provisions in subsection 
506.03.28, “Bearing and Anchorage.” 

(f) Elastomeric Bearing Pads. Pads over one (1) inch 
in thickness shall be laminated. Laminated pads shall con- 
sist of alternate laminations of elastomer and metal or 
elastomer and fabric bonded together. 
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All elastomeric bearing pads shall be fifty (50) durom- 

eter. 

Pads shall be installed where designated on the plans. 

502.03.14 Curing. Curing of formed concrete shall 
conform to the requirements of subsection 501.03.09, 
“Curing,” and attention is directed thereto. 

502.03.15 Patching. After removal of forms, all 
metal ties except those to be used to a future forming 
shall be cut back and patched. Honeycomb shall be 
removed and patched. When honeycomb is determined by 
the Engineer to be excessive, it shall be sufficient cause 
for rejection of all or a part of the structure. 

Loose or broken material shall be chipped away until 
a dense, uniform surface exposing solid coarse aggregate is 
obtained. Feather edges shall be cut away to form a face 
perpendicular to the surface being patched. All surfaces of 
the cavity shall be thoroughly saturated with water. Con- 
tact surfaces shall be coated with an approved bonding 
agent. Bonding agent may be mixed with mortar in lieu of 
coating the contact surfaces. 

Patching mortar shall consist of one part cement and 
three parts sand. White cement or other approved tinting 
materials shall be used on all surfaces where an “ordinary 
finish” is final. For patching large or deep areas, coarse 
ageregate shall be added to the patching mortar. 

The patching mortar shall be thoroughly tamped into 
place. Mortar may be placed pneumatically when approved 
by the Engineer. The surface of the mortar shall be floated 
with a wooden float before initial set takes place. The 
patch shall present a neat and workmanlike appearance. 

The patched surface shall be cured by one of the meth- 
ods described in subsection 501.03.09, “Curing.” 

Patching is the only treatment required for those por- 
tions of the structure below ground. 

502.03.16 Finish of Horizontal Surfaces. Concrete 

bridge decks shall be struck off with a template immediately 
after pouring to provide the proper crown and shall be 
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finished to a smooth even surface by means of both longitu- 
 dinal and transverse wooden floats, or other suitable means. 
_ When a transversely broomed finish is used, the allowable 
| variations noted herein shall be independent of the depth 

of the broom marks. No variations will be permitted that 
will tend to prevent complete drainage on all parts of the 
deck. The surface shall be corrected by grinding off the 
high spots, or other approved method, as may be required 
in order to conform to these limits. An edging tool shall be 
used at expansion joints and deck edges not armored. 

Approach slabs to concrete bridges shall be finished to 
the tolerances specified for bridge decks. 

FINISHING BRIDGE DECKS 

A smooth riding surface of uniform texture, true to the 
required grade and cross section, shall be obtained on all 
bridge roadway decks. The Contractor may use hand tools, 
or finishing machines or a combination of both, conforming 
to the requirements specified herein for finishing bridge 
roadway deck concrete. 

Finishing of concrete placed in bridge decks shall consist 
essentially of striking off the surface of the concrete as 
placed and floating with longitudinal floats the surface so 
struck off. 

The placing of concrete in bridge roadway decks will not 
be permitted until the Engineer is satisfied that the rate of 
producing and placing concrete will be sufficient to com- 
plete the proposed placing and finishing operations within 
the scheduled time, that experienced finishing machine 
operators and concrete finishers are employed to finish the 
deck, that fogging equipment and all necessary finishing 
tools and equipment are on hand at the site of the work and 
in Satisfactory condition for use. Finishing machines shall 
be set up sufficiently in advance of use to permit inspection 
by the Engineer during the daylight hours before each 
pour. 

The adjustment and operation of deck finishing machines 
shall be verified by moving the machine over the full length 
of the deck section to be placed and traversing the float 
completely across all end bulkheads before placement of 
concrete is begun. 
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Unless adequate lighting facilities are provided by the 
Contractor, the placing of concrete in bridge decks shall 
cease at such time that finishing operations can be com- 
pleted during daylight hours. 

Supports for rails for the support of finishing machines 
shall be completely in place and firmly secured for such a 
length that will insure continuity of operations for concrete 
placement before placing of concrete will be permitted. 
Rails for finishing machines shall extend beyond both ends 
of the length of concrete placement to a distance that will 
permit the float of the finishing machine to fully clear the 
concrete to be placed. Rails shall be adjustable for eleva- 
tion and shall be set to elevations, with allowance for 

anticipated settlement, camber, and deflection of falsework, 
as required to obtain a bridge roadway deck true to the 
required grade and cross section. Rails shall be of a type 
and shall be so installed that no springing or deflection will 
occur under the weight of the finishing equipment, and 
shall be so located that finishing equipment may operate 
without interruption over the entire bridge roadway deck 
being finished. Rails shall be adjusted as necessary to cor- 
rect for unanticipated settlement or deflection which may 
occur during finishing operations. 

Should settlement or other unanticipated events occur, 
which in the opinion of the Engineer would prevent obtain- 
ing a bridge deck conforming to the requirements of these 
specifications, placing of deck concrete shall be discontin- 
ued until corrective measures satisfactory to the Engineer 
are provided. In the event satisfactory measures are not 
provided prior to initial set of the concrete in the affected 
area, the placing of concrete shall be discontinued and a 
bulkhead installed at a location determined by the Engi- 
neer. All concrete in place beyond the bulkhead shall be 
removed. 

Unless otherwise permitted by the Engineer, bridge deck 
concrete shall be placed and struck off in a uniform head- 
ing approximately parallel to the bridge pier or bent caps. 
The rate of placing concrete shall be limited to that which 
can be finished before the beginning of initial set, except 
that concrete for the deck surface shall not be placed more 
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than ten (10) feet ahead of strike off. Strike off and consoli- 

_ dation shall be completed within fifteen (15) minutes after 
the concrete is in place. 

After the concrete has been placed and consolidated, the 

surface of the concrete shall be carefully struck off by 
means of a self-propelled mechanical finishing machine 
operating on rails. 

Following strike off, longitudinal floating of the concrete 
shall be performed by means of a hand-operated pipe float 
or float board or a finishing machine equipped with a longi- 
tudinal float. The longitudinal float on the finishing 
machine shall have a length of not less than eight (8) feet 
nor more than twelve (12) feet. 

Finishing machines used for strike off having a wheel 
base six (6) feet or less shall be followed by hand-operated 
longitudinal floating. All the provisions in this section per- 
taining to hand-operated float boards shall apply to float 
boards when used for longitudinal floating. 

Longitudinal floats, either hand-operated or machine- 
operated, shall be used with the long axis of the float par- 
allel to the centerline of the bridge roadway. The float shall 
be operated with a combined longitudinal and transverse 
motion planing off the high areas and floating the material 
removed into the low areas. Each pass of the float shall lap 
the previous pass by one-half the length of the float. Float- 
ing shall be continued until a smooth riding surface is 
obtained. 

In advance of curing operations, the surface of the con- 
crete shall be textured by brooming with a stiff bristled 
broom or by other suitable devices which will result in uni- 
form scoring. Brooming shall be performed transversely 
from finishing bridges. 

Hand-operated float boards shall be from twelve (12) 
feet to sixteen (16) feet long, ribbed and trussed as neces- 
sary to provide a rigid float and shall be equipped with 
adjustable handles at each end. The float shall be wood, not 
less than one (1) inch thick and from four (4) inches to 
eight (8) inches wide. Adjusting screws spaced not to 
exceed twenty-four (24) inches on centers shall be provided 
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between the float and the rib. The float board shall be 
maintained free of twist and true at all times. 

Hand-operated float boards shall be operated from trans- 
verse finishing bridges. The finishing bridges shall span 
completely the roadway area being floated and a sufficient 
number of finishing bridges shall be provided to permit 
operation of the floats without undue delay. Not less than 
two transverse finishing bridges shall be provided when 
hand-operated float boards are used. When a finishing 
machine is used for longitudinal floating, one finishing 
bridge equivalent to the transverse finishing bridge specified 
herein shall be furnished for use by the Engineer. 

All finishing bridges shall be of rigid construction and 
shall be free of wobble and springing when used by the 
operators of longitudinal floats and shall be easily moved. 

Fogging equipment to be furnished shall be capable of 
applying water to the concrete in the form of a fine fog 
mist in sufficient quantity to curb the effects of rapid evap- 
oration of mixing water from the concrete on the deck 
resulting from wind, high temperature or low humidity, or 
a combination of these factors. The fog mist shall be 
applied at the times and in the manner directed by the 
Engineer. 

Immediately following completion of the deck finishing 
operations, the concrete in the deck shall be cured as speci- 
fied in subsection 501.03.09, “Curing.” 

The finished surface of the concrete shall be tested by 
means of a straightedge twelve (12) feet long. The surface 
shall not vary more than 0.01 foot from the lower edge of 
the straightedge. All high areas in the hardened surface in 
excess of 0.01 foot as indicated by testing shall be removed 
by abrasive means. After grinding by abrasive means has 
been performed, the surface of the concrete shall not be 
smooth or polished but shall have a surface texture satis- 
factory to the Engineer. Ground areas shall be of uniform 
texture and shall present neat and approximately rectangu- 
lar patterns. 

Where the concrete of the bridge deck is to be covered 
by bituminous surfacing, earth, or other cover, one (1) inch 

or more in thickness, the surface of the concrete shall not 
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vary more than 0.03 foot from the lower edge of the 
twelve (12) foot straightedge. 

Bridge deck surfaces under the curbs, railings, and side- 
walks shall be struck off to the same plane as the roadway 
and left undisturbed when future widening is shown on the 
plans. 

The top and face of the finished parapet and curb shall 
be true and straight, and the top surface shall be of uniform 
width, free from humps, sags, or other irregularities. When 
a straightedge twelve (12) feet long is laid on top of the 
face of the curb or on the face of the parapet, the surface 
shall not vary more than one-eighth (4%) inch from the 
theoretical grade or alignment in twelve (12) feet, except 
that proper allowance shall be made for curves and cam- 
ber. 

502.03.17 Formed Surfaces Requiring Finishing. Sur- 
faces requiring a “fine surface finish” (FSF) will be noted 
on the plans. All exposed surfaces of structures not requir- 
ing a fine surface finish shall be given an ordinary surface 
finish unless otherwise specified on the plans or in these 
specifications. Only exposed surfaces of structures, to one 
(1) foot below finished grade, will require finishing (ordi- 
nary or fine). 

The inside of culvert barrels, except for a horizontal dis- 
tance into the ends equal to the height when the end of 
culvert may be seen from a traveled way, will not be 
defined as an exposed surface. 

502.03.18 Ordinary Surface Finish. The surface shall 
have all holes left by form ties and all other holes one- 
fourth (4) inch or more in largest diameter repaired in 
accordance with subsection 502.03.15, “Patching.” The 
surface shall be true and even, free from stone pockets, 
depressions or projections beyond the surface. All fins and 
projections shall be knocked off or ground flush. Offsets 
greater than one-eighth (1%) inch shall be filled or tapered 
back to present a smooth appearance. All patches shall be 
of such color and appearance that will blend with the sur- 
rounding surface. 
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502.03.19 Fine Surface Finish. Where it is indicated 
on the plans that a fine surface finish is required, the finish 
shall conform to the requirements for “Bonded Grout 
Finish” as hereinafter set forth. Before the finish is applied, 
the surface shall be true and even and free from stone 
pockets, depressions or projections beyond the surface. 
All fins and projections shall be knocked off or ground 
flush. Offsets greater than one-eighth (%) inch shall be 
filled or tapered back to present a smooth appearance. All 
holes one-fourth (14) inch or more in largest diameter shall 
be patched in accordance with subsection 502.03.15, 
“Patching.” 

Bonded Grout Finish. This finish shall be an applica- 
tion of grout consisting of sand and other pigments and 
mineral fillers combined with a suitable binder. The sand 
shall pass a No. 30 sieve. The binder shall be either an 
epoxy, acrylic, vinyl, or phenolic resin. This mixture may 
be thinned by not more than twenty-five (25) percent 
water by volume. 

The finish shall be of such consistency and composition 
that it will provide a uniform appearance in color and 
texture when applied as specified below, and shall meet 
the requirements set forth in Section 727. 

At least thirty (30) days in advance of placing bonded 
grout finish, the Contractor shall furnish the Engineer a 
‘quart sample or larger, of the completed mixture for test- 
ing. The Contractor shall also furnish two certificates, 
issued by the manufacturer, certifying that the product 
complies with the specifications. Said certificates shall be 
delivered to the Engineer at least thirty (30) days in 
advance of placing the material. 

The grout shall be applied by spray, using conventional 
spray equipment with a one-fourth (4) inch round spray 
head. Material is supplied by either a surge pump with a 
twelve (12) to one (1) ratio or an auger type pump, with 
air pressure sufficient to achieve uniform texture. Worn 
‘spray heads shall be replaced as required to achieve a 
‘uniform finish. 

Application shall be at the rate of twenty-four to forty 
(25—40) square feet per gallon. 
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The finished surface shall present a uniform appearance. 

Color of fine surface finish to be applied will be as 
shown on the plans. Where the color of the fine surface 
finish that is to be applied is not indicated on the plans 

‘it shall conform to Federal Color No. 37875 as shown in 
Table I of Federal Standard No. 595. 

Surfaces of concrete shall be thoroughly cleaned just 
before applying fine surface finish. This may be accom- 
plished by: 

(a) Application of a ten (10) percent solution of muriatic 
acid or a twenty-five (25) percent zinc sulfate solution, 
which shall be applied as to completely remove any oily 
film and to lightly etch the surface, or 

(b) Thorough cleaning by approved abrasive as required 
to remove all oily film. 

Following cleaning, the surface shall be thoroughly 
rinsed with clean water. Surface to be finished need not 
be completely dry, but may be damp, prior to application 
of finish. 

CAUTION: Do not apply finish unless temperature 
is at least forty (40) degrees Fahrenheit and is rising. 
Application shall be stopped if temperature is forty (40) 
degrees Fahrenheit and is dropping. 

502.03.20 Live Loads. Live loads such as traffic or 
superimposed earth loads shall not be allowed on the 
structure until concrete has reached an age of fourteen (14) 
days and it has reached the twenty-eight (28) day strength 
required. Live loads may be allowed on the structure when 
the concrete has reached an age of eight (8) days and the 
twenty-eight (28) day strength required in cases where 
Type III (high-early strength) cement is used with the 
approval of the Engineer. Approach slabs shall be treated 
as concrete paving under Section 409. 

In the event of cold weather, the above specified time 
requirement shall be increased one (1) day for every day 
the curing time is increased as prescribed in the subsection 
501.03.10(b), “Cold Weather—General.” 

In case the concrete does not reach the desired strength 
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within the time specified, the Engineer shall determine 
when the strength is adequate to carry live loads. 

METHOD OF MEASUREMENT 

502.04.01 Measurement. The estimated quantity 
shown on the plans, plus or minus quantities covered by 
approved changes will be the quantity used for payment. 
The Engineer or the Contractor may however, request a 
final measurement. The Contractor’s request for final 
measurement shall be in writing. Final measurement will 
be made according to the dimensions shown on the plans 
plus or minus approved changes and quantities derived 
therefrom will be the quantity used for payment. Each 
class of concrete will be considered separately. 

Such box culverts, bridges, and such other miscellaneous 
concrete structures that are identified on the plans or in 
the special provisions as major structures will be paid for 
at the contract unit price bid for “Class ............ Concrete 
(Major),” or “Class .........--- Concrete Modified (Major),” 
as the case may be. 

Such pipe headwalls, endwalls, drop inlets, and such 
other miscellaneous concrete structures that are identified 
on the plans or in the special provisions as minor struc- 
tures will be paid for at the contract unit price bid for 
SL lASG senna Concrete (Minor).” 

In the event any class of Portland cement concrete is 
placed and is shown by test to be below the specified 
twenty-eight (28) day compressive strength, a determina- 
tion shall be made by the Engineer as to whether the con- 
crete shall be removed and replaced or allowed to remain 
in place. This determination shall be based on an evalu- 
ation of the durability and other qualities of the concrete 
necessary to the integrity of the structure. If the concrete 
is allowed to remain in place, it is agreed by the parties 
to the contract that the Department will deduct from 
money due, or to become due the Contractor from the 
Department, a percentage of the contract unit bid price. 
This deduction shall be considered to be liquidated dam- 
ages and shall be at a rate of five (5) percent of the con- 
tract unit bid price for each fifty (50) p.s.i. or portion 
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thereof below the specified minimum compressive strength, 
to a maximum of fifty (50) percent, as set forth in the 

following example for the class of concrete shown: 

Specified Liquidated Damage 
28 Day Compressive (Per Unit Bid Price), 

Strength—p.s.i. Percent 

3,000 0 
2,999-2,950 5 
2,949-2,900 10 
2,899—2,850 15 

2,849-2,800 20 
2,799-2,750 25 

2,749-2,700 30 
2,699-—2,650 an 

2,649—2,600 40 
2,599-—2,550 45 
Below 2,550 50 

The reduced price shall apply to all concrete represented 

by the strength tests below the specified minimum com- 
pressive strength. 

When a compressive strength test falls below the speci- 
fied twenty-eight (28) day compressive strength, the Depart- 
ment may determine that an alternate strength test is 
required or the Contractor may request such a test. When 
the Department determines that an alternate strength test is 
required, the Contractor will not be liable for the cost of 
such test. In case the Department has not determined that 
an alternate strength test is necessary and the Contractor 
elects to have an alternate strength test made, the Depart- 
ment will then make such a test; however, should this test 
fail to indicate that the twenty-eight (28) day compressive 
strength requirements have been met, the cost thereof shall 
be deducted from any money due or to become due the 
Contractor from the Department. The cost of all other 
alternate strength tests made at the Contractor’s request 
shall be borne by the Contractor. The alternate strength 
test shall consist of obtaining and testing three drilled 
core samples in accordance with Test Method No. Nev. 
T474. The test specimens will be taken at a single loca- 
tion approved by the Engineer, and shall be from the 
same area represented by the original strength test. The 
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cores shall be obtained and the test performed by the 
‘Department. The test shall be accomplished as soon as pos- 
sible after the twenty-eight (28) day compressive strength 
test. 

The average compressive strength of the three drilled 
core samples at the age tested shall be converted to a 
twenty-eight (28) day compressive strength as shown by 
‘Chart No. 1 in subsection 501.02.04. This calculated value 
shall be termed the “result of the core test.”” When the 
result of the core test validates the original twenty-eight 
(28) day strength test, the quality of the concrete shall be 
assessed on the basis of the original test. When the core 
test does not validate the twenty-eight (28) day strength, . 
then the result of the core test shall be used to assess the 
quality of the concrete. 

Concrete removed will not be paid for and the removal 
thereof will be at the Contractor’s expense. 

No measurements or other allowances will be made for 
work, material for forms, falsework, cofferdams, pumping, 
bracing, etc. 

The quantity of concrete involved in fillets, scorings and 
chamfers two (2) square inches or less in cross sectional 
area shall be neglected. No deduction shall be made for the 
volume of concrete displaced by reinforcing steel, expan- 
sion joint material, drainage and weep holes. The volume 
of concrete displaced by pipes, conduits, ducts, and forms 
for voids embedded in concrete that are in excess of two 
(2) square inches in cross sectional area shall be deducted. 
Deduction shall also be made for the volume of timber 
piles, concrete piles and cast-in-place piles embedded in 
the concrete. 

Each class of concrete will be considered separately, 
except where the Contractor elects to use either Class DA 
concrete in lieu of Class AA concrete or Class D concrete 
in lieu of Class A concrete, such Class DA concrete or 

Class D concrete shall be measured as Class AA concrete 
or Class A concrete. 
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Tremie seal concrete will be measured on the basis of 
batched volume placed. 

The quantity of concrete barrier rail to be measured for 
| payment will be the number of linear feet installed com- 
_ plete and in place. 

The quantity of steel deck drain to be measured for pay- 
ment will be the number of pounds of steel deck drain and 

_ pipe complete and in place within the structure, measured 
as provided in Section 506, “Steel Structures.” 

All measurements will be made in accordance with 

subsection 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

502.05.01 Payment. The accepted quantity of con- 
crete measured as provided in subsection 502.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per cubic yard for the class or type specified. Rein- 
forcing steel will be paid for as provided in Section 505, 
“Reinforcing Steel.” All metal parts, fabrics, pads, joint 
filler, and any other materials not specifically mentioned 
for payment herein, will be considered subsidiary to the 
other pay items of the work and no further compensation 
will be allowed therefor. 

Steel deck drains measured as provided in subsection 
502.04.01, “Measurement,” will be paid for as “Struc- 
tural Steel’ as set forth in Section 506, “Steel Structures.” 

The accepted quantity of concrete barrier rail, meas- 
ured as provided in subsection 502.04.01, “Measurement,” 
will be paid for at the contract unit price bid per linear 
foot for the type of concrete barrier rail indicated in the 
proposal, which price shall be considered full compensa- 
tion for furnishing all materials, labor, tools, supplies, 
equipment and incidentals necessary to construct the con- 
crete barrier rail complete in place, including the base 
slab where required on the plans, excavation, backfill and 
all finishing as shown on the plans or as specified. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 
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Payment will be made under: 

Pay Item Pay Unit 

Class. taveee Concrete. (Major):8). 24 ve J Pe, Cubic Yard 
Class ............ @ontrete 1¢ Minot)... 120 sus! iit. 2. tivo Cubic Yard 
Classe ee Concrete, Modified (Major)....................... Cubic Yard 
TremiesSealaConcretesmn ree oe. See i ae ee er Cubic Yard 
Concrete Barrier Raila! yne). 222s. 2 hae ee Linear Foot 
Precast. Concrete Barrier’ Rail 4 2 Se ese aes Ree Linear Foot 
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SECTION 503 

PRECAST PRESTRESSED CONCRETE MEMBERS 

DESCRIPTION 

503.01.01 General. This work shall consist of fur- 
nishing and placing precast prestressed concrete members 
as specified in these specifications and the contract docu- 
ments. 

This work shall include the manufacture, transportation, 

and storage of girders, slabs, piling, and other structural 
members of precast prestressed concrete and shall also 
include the placing of all precast prestressed concrete 
members, except piling, which shall be placed as provided 
in Section 508, “Piling.” 

The members shall be furnished complete including all 
concrete, prestressing steel, bar reinforcing steel and inci- 
dental materials in connection therewith. 

MATERIALS 

503.02.01 General. Concrete shall conform to the 
applicable requirements of Sections 501, “Portland Cement 
Concrete,” and 502, “Concrete Structures.” Prestressing 
steel shall conform to the applicable requirements of Sec- 
tion 713, “Reinforcement.” 

If lightweight concrete is used, it shall conform to the 
applicable requirements of Section 504, “Lightweight 
Concrete for Structures.” 

CONSTRUCTION 

503.03.01 Prestressing Methods. Prestressing shall 
be performed by either pretensioning or posttensioning 
methods. The method of prestressing to be used shall be 
optional with the Contractor, subject to the requirements 
specified in these specifications. 

Prior to casting the precast members, the Contractor 
shall submit working drawings to the Engineer for approval 
giving complete details of the methods, materials and 
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equipment he proposes to use in the prestressing and con- 
struction and erection operations. Such details shall outline 
the method of prestressing, and shall include the arrange- 
ment of the prestressing steel and mild steel reinforcement 
in the members, anchoring stresses, sequence of stressing 
posttensioned prestressing steel, and the sequence of 
cutting or releasing pretensioned prestressing steel, type 
of posttensioning enclosures, and specifications and details 
of anchoring devices and distribution plates or assemblies, 
if required, for posttensioning and pressure grouting mate- 
rials and equipment, together with complete drawings of 
the forms proposed for casting the precast members. Such 
drawings shall show complete details of the type of forms 
proposed for providing the cored holes and proposed 
method of supporting and anchoring such forms. 

Working drawings shall be in accordance with sub- 
section 105.02, “Plans and Working Drawings.” | 

503.03.02 Forms. Concrete shall not be deposited 
in the forms until the Engineer has inspected the placing 
of the reinforcement, enclosure, anchorages, and prestress- 

ing steel. 
The concrete shall be vibrated internally or externally, 

or both, as required to consolidate the concrete. The 
vibrating shall be done with care and in such a manner 
that displacement of reinforcement, enclosures, and pre- 
stressing steel will be avoided. 

Holes for anchor bars, and for diaphragm dowels which 
pass through the member, openings for connection rods, 
recesses for grout, and holes for railing bolts shall be 
provided in the members in accordance with the details 
shown on the plans. Where diaphragm dowels do not pass 
through the member, the dowels may be anchored in the 
member by embedment in the concrete or by means of 
an approved threaded insert. 

Forms for interior cells or holes in the members shall 
be constructed of a material that will resist breakage or 
deformation during the placing of concrete and will not 
materially increase the weight of the member. 

Lifting anchors may be installed in members to be 
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_ placed in bridge decks: provided that all of the anchor 
_ above the concrete is removed after the member is placed. 

Side forms for prestressed members may be removed the 
next day after placing concrete therein, provided arrange- 
ments satisfactory to the Engineer are made for curing and 
protecting the concrete. 

503.03.03 Anchorages and Distribution. All post- 
tensioned prestressing steel shall be secured at the ends 
by means of approved permanent type anchoring devices. 

Anchorage devices shall hold the prestressing steel with- 
out slip of more than one-eighth (4%) inch at a load of one 
hundred fifty (150) percent of the amount required for the 
initial stress. Steel distribution plates or assemblies for the 
distribution of the load from the anchorage devices shall 
be furnished and installed, except as hereinafter provided. 

When headed wires are used, the outside edge of any 
hole for prestressing wire through a stressing washer or 
through an unthreaded bearing ring or plate shall not be 
less than one-fourth (4) inch from the root of the thread 
of the washer or from the edge of the ring or plate. 

The load from the anchoring device shall be distributed 
to the concrete by means of approved devices that will 
effectively distribute the load to the concrete. 

Distribution plates or assemblies shall conform to the 
following requirements: 

(a) The final unit compressive stress on the concrete 
directly underneath the plate or assembly shall not exceed 
three thousand (3,000) pounds per square inch. 

(b) Bending stresses in the plates or assemblies induced 

by the pull of the prestressing steel shall not exceed the 
yield point of the material or cause visible distortion in 
the anchorage plate when one hundred (100) percent of 

the ultimate load is applied as determined by the Engineer. 
(c) Materials and workmanship shall conform to the 

requirements in Section 506, “Steel Structures.” 

Should the Contractor elect to furnish anchoring devices 
of a type which are sufficiently large and which are used 
in conjunction with a steel grillage imbedded in the con- 
crete that effectively distributes the compressive stresses 
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to the concrete, the steel distribution plates or assemblies 
may be omitted. 

Where the end of a posttensioned assembly will not 
be covered by concrete, the anchoring devices shall be 
recessed so that the ends of the prestressing steel and all 
parts of the anchoring devices will be at least two (2) 
inches inside of the end surface of the members, unless a 
greater embedment is shown on the plans. Following post- 
tensioning, the recesses shall be filled with grout, and 
finished flush. The grout shall conform to the requirements 
of subsection 706.03.04, “Grout and Mortar Sand,” and 

shall consist of one part cement and two parts sand. 

503.03.04 Enclosures. Enclosures for prestressing 
steel shall be ferrous metal, mortar-tight, and accurately 

placed at the locations shown on the plans or approved by 
the Engineer. 

In lieu of metallic enclosures, openings for prestressing 
steel may be formed by means of cores or ducts composed 
of rubber or other suitable materials which are removed 
prior to installing prestressing steel. 

All enclosures or openings of anchorage assemblies 
shall be provided with pipes or other suitable connections 
for the injection of grout after prestressing. 

503.03.05 Prestressmg. All prestressing steel shall be 
tensioned by means of hydraulic jacks. Each jack shall be 
equipped with either a pressure gage or a load cell for 
determining the jacking stress, at the option of the Con- 
tractor. The pressure gage, if used, shall have an accurate 
reading dial at least six (6) inches in diameter. Each jack 
and its gage shall be calibrated as a unit with the cylinder 
extension in the approximate position that it will be at 
final jacking force, and shall be accompanied by a certified 
calibration chart. The load cell, if used, shall be calibrated 
and shall be provided with an indicator by means of which 
the prestressing force in the tendon may be determined. 
The range of the load cell shall be such that the lower ten 
(10) percent of the manufacturer’s rated capacity will not 
be used in determining the jacking stress. 
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The tensioning of prestressing steel in any posttensioned 
member and the cutting or releasing of prestressing steel 
in any pretensioned member shall not be performed until 
tests on concrete cyclinders made of the same concrete 
and cured under conditions identical to the member has 
attained the minimum compressive strength value specified 
for detentioning or stressing of the steel. 

When ordered by the Engineer, prestressing steel ten- 
dons in pretensioned members, if tensioned individually, 
shall be checked by the Contractor for loss of prestress 
not more than three (3) hours prior to placing concrete 
for the members. The method and equipment for checking 
the loss of prestress shall be subject to approval by the 
Engineer. All tendons which show a loss of prestress in 
excess of three (3) percent shall be retensioned to the 
original computed jacking stress. 

When prestressing steel in pretensioned members is 
tensioned at a temperature appreciably lower than the 
estimated temperature of the concrete and the prestressing 
steel at the time of initial set of the concrete, the calculated 

elongation of the prestressing steel shall be increased to 
compensate for the loss in stress, but in no case shall the 
jacking stress exceed seventy-five (75) percent of the 
specified minimum ultimate tensile strength of the pre- 
stressing steel. 

Subject to prior approval by the Engineer, a portion of 
the total prestressing force may be applied to a member 
when the strength of the concrete in the member is less 
than the value shown on the plans and the member may 
then be moved. Approval by the Engineer of such partial 
prestressing and moving shall in no way relieve the Con- 
tractor of full responsibility for successfully constructing 
the members. 

The cutting and releasing of prestressing steel in pre- 
tensioned members shall be performed in such an order 
that lateral eccentricity of prestress will be a minimum. 
The prestressing steel shall be cut off flush with the end of 
the member and the exposed ends of the prestressing steel 
shail be heavily coated with roofing asphalt or coal tar 
enamel. 
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Posttensioning will not-be permitted until it is demon- 
strated to the satisfaction of the Engineer that the pre- 
stressing steel is free and unbonded in the enclosure. 

The tensioning process as applied to posttensioned 
members shall be so conducted that tension being applied 
and the elongation of the prestressing steel may be meas- 
ured at all times. A record shall be kept of gage pressures 
and elongations at all times and shall be submitted to the 
Engineer for approval. 

Prestressing steel in posttensioned members shall be 
tensioned by simultaneous jacking at each end of the 
assembly, except as provided in the following: 

(a) Jacking from one end of the assembly will be per- 
mitted on simple span members under sixty-five (65) feet 
in length, provided the calculations show that the maxi- 
mum temporary tensile stress at the center of the span 
will not be more than seventy (70) percent of the specified 
minimum ultimate tensile strength of the prestressing steel. 

(b) For simple span members sixty-five (65) feet and 
over in length, jacking from one end will be permitted, 
provided the calculations and also field tests demonstrate 
that the maximum temporary tensile stress at the center 
of the span will not be more than seventy (70) percent of 
the specified minimum ultimate tensile strength of the 
prestressing steel. 

Unless otherwise permitted by the Engineer, half of the 
prestressing steel in each member shall be stressed from 
one end of the span and the other half from the opposite 
end. 

Determination of the jacking stresses shall be supported 
by calculations, or by calculations and field tests when so 
specified, prepared by the Contractor. The Contractor shall 
submit his calculations to the Engineer for approval, and 
prior to making field tests shall submit details of his pro- 
posed gages and load devices for determining the jacking 
load at each end of the test prestressing unit to the Engi- 
neer for approval. Unless otherwise permitted by the Engi- 
neer, a load cell shall be used at the end opposite the 
jacking end. Measurement of elongation and stress shall 
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agree within three (3) percent. The stress at the center will 
be calculated from the average of the end test loads. Jack- 
ing stresses within two (2) percent of the calculated 
required jacking stresses will be considered satisfactory. 

The following friction coefficients shall be used in cal- 
culating friction losses. K represents the wobble of the 
ducts, and U represents the curvature in draped cables: 

Type of Steel . Type of Duct K U 

Bright metal wire or strand...... Bright metal........... 0.002 0.30 
“ 1 Galvanized... 0.0015 0.25 

Bright metal bars.................... Bright metal............ 0.0003 0.20 
ies Galvanized..............0.0002 0.15 

The maximum temporary tensile stress (jacking stress) 
in prestressing steel shall not exceed seventy-five (75) 
percent of the specified minimum ultimate tensile strength 
of the prestressing steel. The prestressing steel shall be 
anchored at stresses (initial stress) that will result in the 
ultimate retention of working forces of not less than those 
shown on the plans, but in no case shall the initial stress 
exceed seventy (70) percent of the specified minimum 
ultimate tensile strength of the prestressing steel. 

The loss in stress in posttensioned or pretensioned pre- 
stressing steel due to creep and shrinkage of concrete, 
creep of steel, and sequence of stressing, shall be as indi- 
cated on the plans. 

Longitudinal prestressing steel in pretensioned members 
shall not be cut or released until tests on concrete cylin- 
ders indicate that the concrete in the member has attained 
a compressive strength of not less than the value shown 
on the plans or the following values, whichever is the 
greater. 

Diameter of Strand Compressive Strength 

¥% inch 3,500 p.s.i. 
"Ae inch 4,000 p.s.i. 
Y inch 4,000 p.s.i. 

The working force in the prestressing steel shall be not 
less than the value shown on the plans. Unless otherwise 
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specified or shown on the plans, the average working stress 
in the prestressing steel shall not exceed sixty (60) per- 
cent of the specified minimum ultimate tensile strength of 
the prestressing steel. 

Working force and working stress will be considered 
as the force and stress remaining in the prestressing steel 
after all losses, including creep and shrinkage of concrete, 
elastic compression of concrete, creep of steel, losses in 
posttensioned prestressing steel due to sequence of stress- 
ing, friction and take up of anchorages, and all other 
losses peculiar to the method or system of prestressing 
have taken place or have been provided for. 

503.03.06 Curing. Curing shall conform to the appli- 
cable provisions of subsection 501.03.09, “Curing,” and 

in addition the following steam curing requirements shall 
apply. 

Any steam curing operation which deviates from the 
procedure listed below shall be subject to the approval 
of the Engineer. 

- Steam curing shall be done under a suitable enclosure 
to contain the live steam in order to minimize moisture 
and heat losses. The initial application of the steam shall 
be from two (2) to four (4) hours after the final placement 
of concrete to allow the initial set of the concrete to take 
place. If retarders are used, the waiting period before 
application of the steam shall be from four (4) to six (6) 
hours. The steam shall be at one hundred (100) percent 
relative humidity to prevent loss of moisture and to pro- 
vide excess moisture for proper hydration of the cement. 
Application of the steam shall not be directly on the con- 
crete. During application of the steam the ambient air 
temperature shall increase at a rate not to exceed forty 
(40) degrees Fahrenheit per hour until a maximum tem- 
perature of from one hundred forty (140) degrees to one 
hundred sixty (160) degrees Fahrenheit is reached. The 
maximum temperature shall be held until the concrete has 
reached the desired strength. In discontinuing the steam, 
the ambient air temperature shall decrease at a rate not to 
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exceed forty (40) degrees Fahrenheit per hour until a 
temperature has been reached about twenty (20) degrees 
Fahrenheit above the temperature of the air to which the 
concrete will be exposed. The concrete shall not be 
exposed to temperatures below freezing for six (6) days 
after casting. 

503.03.07 Shipping. For prefabricated tendons, the 
Contractor shall give the Engineer at least ten (10) days 
notice before commencing the installation of end fittings 
of the heading of wires. The Engineer will inspect end 
fitting installations and wire headings while such fabrica- 
tion is in progress at the plant and will arrange for the 
required testing of the material to be shipped to the site. 

No prefabricated tendon shall be shipped to the site 
without first having been released by the Engineer, and 
each tendon shall be tagged before shipment for identifi- 
cation purposes at the site. All unidentified tendons 
received at the site will be rejected. 

The release of any material by the Engineer shall not 
preclude subsequent rejection if the material is damaged 
in transit or later damaged or found to be defective. 

503.03.08 Handling. Extreme care shall be exercised 
in handling, storing, moving, and erecting precast pre- 
stressed concrete members to avoid twisting, racking, or 
other distortion that would result in cracking or damage to 
the members. Precast prestressed members shall be 
handled, transported, and erected in an upright position, 
and the joints of support and directions of the reactions 
with respect to the member shall be approximately the 
same during transportation and storage as when the mem- 
ber is in its final position. 

503.03.09 Tolerances. Prestressed concrete members 
shall be fabricated to plan dimensions within the tolerances 
listed herein (tolerances are not to be considered accumu- 
lative). Members having dimensions outside the tolerance 
limits shall be subject to rejection. 
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(a) Precast Prestressed Concrete I-Beams: 

Depth (flanges, web and fillets) ............... 

Depth (Overall ta ce tie ene 

Width (flanges and fillets) ........................ 

WVTCtE SC WED bon. Sennen ge tener, tec eee meee 

envi Ole beat n 6.2 ee eee 

Exposed beam ends deviation from 
square or designated skew..................... 

Side inserts (spacing between centers of 
inserts and from the centers of in- 
serts to the ends of the beams)........... 

Bearing Plates (spacing between the 
centers of bearing plates)..................... 

Bearing Plate (spacing from the cen- 
ters of bearing plates to the ends of 
the beams ) ie nS ae ot Po cect 

Bearing Plate or Bearing Area devia- 
HOU SECOM Dialle 2 2 eee 

Stirrup Bars—Projection above top of 
DAT 5 eee ea enn, Sled ES EOE 

Stirrup Bars—Longitudinal Spacing......... 

End Stirrup Bars—not more than 2 in. 
from the end of the beam 

Horizontal Alignment (deviation from 
a straight line parallel to the center- 
line of beam) 

Camber differential between adjacent 

Center of gravity of strand group............. 

Center of gravity of depressed strand 
Rroup at ENG OF: OCAMine ce. ore. eercee 

Position of posttensioning duct................. 

Position of hold-down points for de- 
pressed ‘strands 22 2222272282 1.....882 

Position of handling devices..................... 

+% in. 

+¥ in. to —% in. 

+¥% in. to —% in. 

+% in. to —% in. 

+ in. per 10 ft. or % 
in. whichever is greater 

Horiz. =% in. 
Vertical +'% in. per ft. 

of beam ht. 

“EY 4n. 

+¥ in. per 10 ft. or % 
in. whichever is greater 

mat 7 11 

+14¢ in. 

+% in. 

oe] it. 

¥4 in. per 10 ft. 

1¥~ in. per 10 ft. of span 
to maximum of 1 in. 

+Y% in. 

+Y in. 

+1 in. 

+6 in. 

. £6 in. 

(b) Precast Prestressed Concrete Box Beams and Flat 
Slabs: 
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Depth eftop-Siab); ac sre?.,...--------2--0------ 

Depth (bottom slab) _..0.-....02...222..2....... 

Depth (Overall See re ee 

WV ICL D WED Dire ian ee ncn 

Width Coverall et 298 2 fe ae eee 

OCT RULL Boece enc eee teen, DEN spessmeventonnss ssn rtn 

Void PositiONi. F220. BL Bs cea conenatiapsene-tee 

Square Ends (deviation from square).... 

Skew Ends (deviation from designated 
skew )— 

Skew angle equal to or less than 30 
Gesrees. 6 ni 0 e.-S 

Skew angle greater than 30 degrees... 

Beam Seat Bearing Area (variation 
from plane surface when tested with 
a straight edge) through middle half 
Oleic miDelpe ee eee 

Horizontal Alignment (deviation from 
a straight line parallel to the center- 
Tinesot member) aki 4s set fries 

Dowel Tubes (spacing between the cen- 
ters of tubes and from the centers of 

tubes to the ends and sides of mem- 

DG) shire kp ree ts whan lt ages. on, 

Tie Rod Tubes (spacing between the 
centers of tubes and from the centers 

of tubes to the ends of the member)... 

Tie Rod Tubes (spacing from centers 
of tubes to the bottom of the beams).. 

Total: widthv of ‘Deck2n220in2.20h.22.! 

Camber differential between High and 
Low members in same span................. 

Side Inserts Positioning............................. 

Stirrup Bar Positioning............................. 
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+Y, in. 

+2 in. to —0 in. 

+VY% in. 

+% in. 

+Y% in. 

+¥ in. per 10 ft. or 4% 

in. whichever is greater 
+1 in. from end of void 

to center tie hole 

+1 in. adjacent to end 

block 

+1 in. 

.2:Y in. 

+Y in. 

+4¢ in. 

Y4 in. to 40 ft. lengths 
¥, in. from 40 to 60 ft. 

lengths 
14 in. above 60 ft. 

lengths 

ctY, in. 

+Y% in. 

+Y% in. 

Theoretical width + 1% 
in. per joint 

Y% in. max. 
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Tendon Positioning: 22. i eczs:<cciecccceeszeccezecee Same as for I-beams 

Handling Device Positioning..................... Same as for I-beams 

(c) Precast Prestressed Concrete Piling: 

Width or Diameters. 3 2-....2..2s ce —'Y, in. to +% in. 

Head out ofisquaress..32-2........--.020-------0n0 14g in. per 12 in. of width 

Lenigtheot pilesrrriiiue. 206. o.occccck.enesonceneectens +1 in. 

Horizontal Alignment (deviation from 
a straight line parallel to the center- 
linerofithespile):. ce bo... 2..-cccccsnacoceccanes ¥f% in. per 10 ft. 

Void locations. eee sane +14 .1n. 

Stirrup Bars or Spiral Positioning............. Same as for I-beams 

Tendon. Positioning...:.......2.202 222082 Same as for I-beams 

Handling Device Positioning...................... Same as for I-beams 

METHOD OF MEASUREMENT 

503.04.01 Measurement. Measurement will be made 
per each of the various sizes and types for furnishing and 
erecting precast prestressed concrete members complete 
and in place. 

The length of the members shown in the estimate of 
quantities and/or in the proposal are nominal. For exact 
length see the drawing of the members shown on the plans. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

503.05.01 Payment. The accepted quantities of pre- 
cast prestressed concrete members measured as provided 
in subsection 503.04.01, “Measurement,” will be paid for 
at the contract unit prices bid for furnishing and erecting 
precast prestressed concrete members. 

Payment therefor wiil be full compensation for all labor 
and for furnishing all items involved in the finished mem- 
bers. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(size) Precast Concrete Members22. 024. eee Each 
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SECTION 504 

LIGHTWEIGHT CONCRETE FOR STRUCTURES 

DESCRIPTION 

504.01.01 General. This work shall consist of fur- 
nishing and placing lightweight Portland cement concrete 
in bridges, culverts, and other types of concrete structures. 
The construction of conventionally reinforced lightweight 
concrete structures shall conform to the requirements of 
Sections 501, “Portland Cement Concrete,” and 502, 

“Concrete Structures.” 

MATERIALS 

504.02.01 General. The materials used shall be those 
prescribed for the several items which constitute the fin- 
ished work and shall conform to the requirements for such 
materials in the following sections: 

Portland Cement Concrete:..........::.-2--cccccsccesecentccceececenneese Section 501 

Concrete Sirmictiregte 1 se eit Section 502 

Aggregate for Portland Cement Products........................ Section 706 

Lightweight concrete shall be composed of an intimate 
mixture of Portland cement, water and lightweight aggre- 
gates, with or without natural sand of normal specific grav- 
ity, and an air-entraining admixture proportioned and 

mixed as hereinafter provided. 

504.02.02 Admixtures. Admixtures shall conform to 
the applicable requirements of subsection 501.02.03, 
“Admixtures.” 

504.02.03 Concrete Making Properties. Lightweight 
concrete shall be subject to the following requirements and 
test methods: 
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Test Test Designation Requirements 

Making Test Specimens 
(laboratory) (2 ee NEY: 190) eee 

Making Test Specimens 
(field). suxnncexe 4503..-GEL--oan Nev: T428- seca 

Compressive Strength.................. Nev. T475 Table I 
Unit Weight and Cement 

Factor (Wet):2..2-.20.... 40083 Nev. T435 Table I 
Tests for Popouts......................... Nev. T462 No surface popouts 
Freezing and Thawing................. Nev. T465 —......... 
AinGonten tig, 3058 1.2 a Pe Nev. T431 Table I 
SUD oe Nev. T438 Table I 
Air Dried Weight. -.:.2:.2....-.--...-..2. Nev. T458 Table I 
Coring Concrete...........2..00..0........ Nev. T474 Sec. 504.04.01 

*The compressive strength requirements of Portland cement concrete shall 
be based on the strength test, which is defined as the average of the breaking 
strength of three standard cylinders at twenty-eight (28) days. The cylinder 
strengths shall be determined in accordance with Test Method No. Nev. T475. 

A test, as defined above, will be required for each fifty 
(50) cubic yards, or portion thereof, placed each day. For 

large, continuous pours, one (1) test near the beginning of 
the pour, and one (1) test near the end of the pour may be 
substituted for the fifty (50) cubic yard requirement. In any 
case, there shall be at least one strength test made each day 
that concrete is placed, regardless of the volume placed. 
Other cylinders may be made and broken for information 
purposes. 

CONSTRUCTION 

504.03.01 General. Mixing water, storage of cement, 

measurement of materials, weighing and measuring equip- 
ment, condition of equipment, mixing conditions, and 
mixing equipment shall conform to the requirements of 
Sections 501, “Portland Cement Concrete,” and 502, 

“Concrete Structures.” 
The Contractor shall notify the Engineer not less than 

thirty-two (32) calendar days in advance of use of the pro- 
posed sources of materials and shall make arrangements 
for the Engineer to obtain samples as required for testing 
purposes. Samples will not exceed five hundred (500) 
pounds for each separate grading. The Contractor shall 
furnish a written statement giving the cement factor in 
sacks per cubic yard, the proportions of cement and each 
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CONCRETE STRENGTH P.S.I. 
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size of aggregate in a saturated surface dry condition, the 
slump, and the percentage of air in the concrete proposed 
for use in the work. If the Contractor proposes to use an 
admixture other than an air-entraining agent, he shall state 
its complete brand name and the quantity proposed to be 
used per sack of cement. The Engineer, after making such 
tests as he deems advisable, will either accept the proposed 
materials and proportions or suggest modifications needed 
for acceptance. After acceptance by the Engineer of batch 
proportions and materials, they shall not be altered during 
the course of the work except as found necessary to main- 
tain yield, cement factor, and unit weight within speci- 
fication requirements. In no case shall revised batch 
proportions result in concrete that contains an amount of 
total water per cubic yard greater than one hundred five 
(105) percent of that contained in concrete of the accepted 
proportions. 

504.03.02 Storage of Aggregates. Storage of aggre- 
gates shall conform to the pertinent requirements of subsec- 
tion 501.03.03, “Storage of Aggregates,’ except as noted 
below. 

Lightweight aggregate shall be stockpiled on the job or 
at a central batching plant for a minimum time of twenty- 
four (24) hours prior to its use in the project. 

Fine and coarse aggregates shall be stockpiled sepa- 
rately. 

504.03.03 Classification and Proportions. Lightweight 
concrete shall be proportioned by weight, using the light- 
weight aggregates under test, such that the compressive 
strength requirements in Table I will be satisfied without 
falling below the minimum, or exceeding the maximum 
values given. The Contractor shall give the Engineer 
advance notice in writing when any changes are to be made 
in the batch proportions. 

Batches of lightweight concrete placed on the work shall 
not vary more than plus or minus three (3) pounds per 
cubic foot in unit weight from the design mix. The cement 
factor of any individual batch placed in the work shall not 
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be more than 0.15 sack per cubic yard less nor more 
than 0.25 sack per cubic yard greater than the designated 
factor (sacks of cement per cubic yard). Aggregates shall 
be batched and reported to the Engineer by weight but 
the weights used may be varied as necessary to comply 
with the above tolerances in cement factor and unit weight. 

At the option of the Contractor, natural fine aggregate 
may be substituted for lightweight fine aggregate provided 
such substitution does not result in producing concrete 
having a weight in excess of maximum. 

504.03.04 Mixing. Lightweight aggregates in combi- 
nation with natural sand, if used, shall be of such character 

that workable concrete of the properties specified herein 
will be obtained. Should premoistening be required, it shall 
be done uniformly at least twenty-four (24) hours in 
advance of batching. 

The batch shall be so charged that three-fourths (34) of 
the total mixing, water and admixtures be introduced in the 
mixer in advance of the aggregates. The aggregates shall 
then be introduced and mixed for a minimum of forty-five 
(45) seconds. The amount of absorption by the aggregate 
will be the determining factor in mixing time. The cement 
and final water shall be added and mixing completed. The 
total mixing time for stationary mixers shall not be less 
than three (3) minutes. Minimum mixing for concrete 
mixed in trucks shall be one hundred (100) revolutions of 
the drum. ; 

The drum on truck mixers shall be operated at high 
speed while charging it with aggregate. Cement shall be 
introduced into the mixing drum while it is rotating at slow 
speed. Immediately prior to discharge of the concrete, the 
drum shall be rotated at high speed for at least sixty (60) 
seconds. 

METHOD OF MEASUREMENT 

504.04.01 Measurement. The quantity of lightweight 
concrete to be measured for payment will be the number of 
cubic yards complete and in place. The estimated quantity 
shown on the plans, plus or minus quantities covered by 
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change order, will be the quantity used for payment. The 
Engineer or the Contractor may, however, request a final 
measurement. The Contractor’s request for final measure- 
ment shall be in writing. Final measurement will be made 
according to the dimensions shown on the plans plus or 
minus approved changes and quantities derived therefrom 
will be the quantities used for payment. Each class of light- 
weight concrete will be considered separately. Only those 
quantities complete and in place will be measured for pay- 
ment. 

In the event any class of Portland cement concrete is 
placed and is shown by test to be below the specified 
twenty-eight (28) day compressive strength, a determina- 
tion shall be made by the Engineer as to whether the con- 
crete shall be removed and replaced or allowed to remain 
in place. This determination shall be based on an evalua- 
tion of the durability and other qualities of the concrete 
necessary to the integrity of the structure. If the concrete is 
allowed to remain in place, it is agreed by the parties to the 
contract that the Department will deduct from money due, 
or to become due the Contractor from the Department, a 
percentage of the contract unit bid price. This deduction 
shall be considered to be liquidated damages and shall be 
at a rate of five (5) percent of the contract unit bid price 
for each fifty (50) p.s.i. or portion thereof below the speci- 
fied minimum compressive strength, to a maximum of fifty 
(50) percent, as set forth in the following example for the 
class of concrete shown: 

Specified Liquidated Damage 
28 Day Compressive (Per Unit bid Price) 

Strength p.s.i. Percent 

CRE OES 2-5 2 ROS SERRE. TS SEATS Eten OS eI 25 0 

2 ge i Lo a! eV oem sees eRe egcapacchgce, mrceeen Ne ech noche! iMate x 5 
i 949-P000 2 Sesis JO Peat VG MOM ae Lf 10 
2.399-7-85050) benris).2o.lisd2-sulsv. bets uruoige-2ic 15 
2B49+2.500 + 2508 ccs aclt- 3-3 leepess-pp) 4 oe AT. Mth 20 

1g Ast Sep aeg tel OL RE a ee kame ee, eee Oe eee 25 
Ag 4S eed kl 11 | Naenidl wore ence pee sae seen Seieeinw. aie Spur 9 30 

BOG501 659.20. 21289 OF) MO Doz202ze8 90 Unt? S19): 35 
7649206001 204. SIGDLEN. 220. 2600. 129. 2102 aut LS 40 

2499-25 5003 -3c3-3.3ltigt-ail}-sais-tast- sin gatk.- . 45 
Be lOVi 259 5 Oe te ne SE ae ee ee 50 
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The reduced price shall apply to all concrete represented 
by the strength tests below the specified minimum com- 
pressive strength. 

Concrete removed will not be paid for, and the removal 
thereof will be at the Contractor’s expense. 

When a compressive strength test falls below the speci- 
fied twenty-eight (28) day compressive strength, the Depart- 
ment may determine that an alternate strength test is 
required or the Contractor may request such a test. When 
the Department determines that an alternate strength test 
is required, the Contractor will not be liable for the cost of 

‘such test. In case the Department has not determined that 
an alternate strength test is necessary and the Contractor 
elects to have an alternate strength test made, the Depart- 
ment will then make such a test; however, should this test 
fail to indicate that the twenty-eight (28) day compressive 
strength requirements have been met, the cost thereof shall 
be deducted from any money due or to become due the 
Contractor from the Department. The cost of all other 
alternate strength tests made at the Contractor’s request 
shall be borne by the Contractor. The alternate strength 
test shall consist of obtaining and testing three drilled core 
samples in accordance with Test Method No. Nev. T474. 
The test specimens will be taken at a single location 
approved by the Engineer, and shall be from the same area 
represented by the original strength test. The cores shall be 
obtained and the test performed by the Department. The 
test shall be accomplished as soon as possible after the 
twenty-eight (28) day compressive strength test. 

The average compressive strength of the three drilled 
core samples at the age tested shall be converted to a 
twenty-eight (28) day compressive strength as shown by 
Chart No. 1 in subsection 501.02.04 of these special provi- 
sions. This calculated value shall be termed the “Result of 
the core test.” When the result of the core test validates the 
original twenty-eight (28) day strength test, the quality of 
the concrete shall be assessed on the basis of the original 
test. When the core test does not validate the twenty-eight 
(28) day strength test, then the result of the core test shall 
be used to assess the quality of the concrete. 
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LIGHTWEIGHT CONCRETE FOR STRUCTURES 504 

No measurement or other allowance will be made for 
work, material for forms, falsework, cofferdams, pumping, 
bracing, etc. 

The quantity of concrete involved in fillets, scorings, and 
chamfers two (2) square inches or less in cross sectional 
area shall be neglected. No deduction shall be made for the 
volume of concrete displaced by reinforcing steel, expan- 
sion joint material, drainage and weep holes, pipes, con- 
duits, and ducts embedded in concrete. Deduction shall be 
made for the volume of timber piles, concrete piles, and 
cast-in-place piles embedded in the concrete. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

504.05.01 Payment. The accepted quantity of con- 
crete measured as provided in subsection 504.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per cubic yard for the class of lightweight concrete 
specified. Reinforcing steel will be paid for as provided in 
Section 505, “Reinforcing Steel.” All metal parts, fabrics, 
pads, joint filler, drains, and any other materials not specif- 
ically mentioned for payment herein, will be considered 
subsidiary to the other pay items of the work and no further 
compensation will be allowed therefor. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Classi(2a:2.% iigotweight Concréte.:..uxi ala eee Cubic Yard 
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SECTION 505 

REINFORCING STEEL 

DESCRIPTION 

505.01.01 General. This work shall consist of fur- 
nishing and placing reinforcing steel and mesh reinforcing 
in accordance with these specifications and in conformity 
with the plans. 

-MATERIALS 

505.02.01 General. Materials shall conform to the 
requirements specified in the following subsections: 

Fabricated Steel Bar or Rod Mats 
Reinforcementioinist t6¢..i0ok......emia Subsection 7 13.03.02 

-Bar Steel Reinforcement....2......2..22....2222.s0s000000-+-- Subsection 713.03.01 

_ Welded Steel Wire Fabric 
Remicrrcemient. Sides sehen. SLA ees Subsection 7 13.03.03 

All bar steel reinforcement may be either Grade 40 or 
Grade 60 unless otherwise specified on the plans. 

Spiral Reinforcement may be either bar steel reinforce- 
‘ment or steel wire of the equivalent size of the bar steel. 

505.02.02 Samples. One extra bar of each diameter 
shall be furnished per contract for each one hundred (100) 

tons or fraction thereof. This bar shall be from the longest 
‘bar of each size so that it, or a portion of it, can be used 
to replace any bar of that diameter which is selected to be 
used as a field sample. The field sample must be of suffi- 
cient length to provide for two (2) two (2) foot samples 
‘of each diameter. The extra bars shall be indicated on the 
fabricator’s details. © 

CONSTRUCTION 

505. 03. 01 Bending Diagrams. Before placing rein- 
forcing. steel, two copies of a list of all reinforcing steel 
Shall be: furnished to. the Engineer at. the site for his 1 use in 
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505 REINFORCING STEEL 

administering the contract. Furnishing such lists to the 
Engineer shall not be construed to mean that the lists 
will be reviewed for accuracy. The Contractor shall be 
wholly and completely responsible for the accuracy of the 
lists and for furnishing and placing all bar reinforcing steel 
in accordance with the details shown on the plans and as 
specified. 

505.03.02 Protection of Materials. Reinforcing steel 
shall be protected at all times from damage. When placed 
in the work, the reinforcing steel shall be free from dirt, 
detrimental scale, paint, oil, or other foreign substance. 
However, when steel has on its surface loose mill scale 

or dust which is easily removable, it may be cleaned by a 
satisfactory method, if approved by the Engineer. 

505.03.03 Bending. Bent bar reinforcement shall be 
cold bent to the shape shown on the plans; and unless 
otherwise provided on the plans or by authorization, bends 
shall be made in accordance with the ACI Manual of 
Standard Practice for Detailing Reinforced Concrete Struc- 
tures. 

505.03.04 Placing and Fastening. All bar reinforce- 
ment shall be accurately placed in the positions shown on 
the plans and firmly held during the placing and setting of 
concrete. When the spacing of bars exceeds one (1) foot 
in either direction, all intersections shall be tied. When 
the spacing of bars is one (1) foot or less in both direc- 
tions, alternate intersections shall be tied. 

Distances from the vertical and horizontal forms shall 
be maintained by means of stays, blocks, ties, hangers or 
other approved supports. Blocks used for holding rein- 
forcing bars from contact with the forms or between layers 
of bars, shall be precast mortar blocks of approved shape 
and dimensions and shall have a compressive strength of 
not less than 3,000 p.s.i. Metal chairs which are in con- 
tact with the exterior surface of the concrete shall be 
fabricated of either galvanized steel, or have the steel 
tips plastic coated to at least three-fourths (34) inch into 
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_ REINFORCING STEEL 505 

the concrete, or be of stainless steel conforming to the 
requirements of ASTM A493 Type 430. The use of peb- 
bles, pieces of broken stone or brick, metal pipe, and 
wooden blocks will not be permitted. Reinforcement in 

any member shali be placed, and then inspected and 
_ approved by the Engineer, before the placing of concrete 
_ begins. Concrete placed in violation of this provision 
_ may be rejected and its removal required. 

If mesh reinforcement is shipped in rolls, it shail be 
- straightened into flat sheets before being placed. 

505.03.05 Splicing. All reinforcement bars shall be 
furnished in the full lengths indicated on the plans. Splic- 

ing of bars, except where shown on the plans, will not be 

- permitted without the written approval of the Engineer. 
_ Splices shall be staggered as far as possible. Unless other- 
- wise shown on the plans, bars near the top of beams and 
_ girders having more than twelve (12) inches of concrete 
under the bars shall be lapped thirty-five (35) diameters 
and all other bars shall be lapped twenty (20) diameters 

to make the splice. In lapped splices, the bars shall be 
placed in contact and wired together. Welding of rein- 
forcing steel shall be done only if detailed on the plans or 
authorized by the Engineer in writing. Welding shall con- 
form to the specifications for Welded Highway and Rail- 
way Bridges of the American Welding Society. 

Lapped splices in reinforcement shall not be used for 
sizes larger than No. 11. 

Tensile reinforcement shall preferably not be spliced at 
points of maximum stress. The spliced bar shall develop 
the computed stress at the splice point without exceeding 
three-fourths (%4) of the permissible bond values given 
below. However, the length of lap for deformed bars 
shall not be less than twenty-four (24) and thirty-six (36) 
bar diameters for Grade 40 and Grade 60, respectively, 
nor less than twelve (12) inches. 

Where lapped splices are used in reinforcement in 
which the critical design stress is compressive, the mini- 
mum amount of lap shall be: with concrete having a 
strength of 3,000 p.s.i. or more, the length of lap for 
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505 REINFORCING STEEL 

deformed bars shall be twenty (20) bar and twenty-four 
(24) bar diameters for Grade 40 and Grade 60, respec- 
tively, but not less than twelve (12) inches. When the 
specified concrete strengths are less than 3,000 p.s.i., the 
amount of lap shall be one-third (4%) greater than 
the values given above. 

Bond (for tension bars conforming to ASTM A615) 

(a) Sizes No. 3 through (3.4 V fe 350 p.s.i. max. 

No. 11 top bars* D 

Bars others thantop {4.8 V fé 500 p.s.i. max. 

bars D 

(b) Size No. 14 and No. mF fe 

18 top bars* : 

Bars others than top : 3 fe 

bars 

) For all def d TOT AC GONE a3 fé 400 p.s.i. max. 
compression bars 

*Top bars, in reference to bond, are horizontal bars so placed 
that more than twelve (12) inches of concrete is cast in the 
member below the bar. 
Note: D=Nominal diameter of bar, inches. 

ft—Unit ultimate compressive strength of concrete as 
determined by cylinder tests at the age of twenty-eight 
(28) days. 

Splices in spiral steel shall be made by welding or by a 
lap of one and one-half (112) turns. 

Sheets of mesh reinforcement shall overlap each other 
sufficiently to maintain a uniform strength and shall be 
securely fastened at the ends and edges. The edge lap 
shall not be less than one (1) mesh in width. 

505.03.06 Substitutions. Substitution of different size 
bars will be permitted only with specific authorization by 
the Engineer. The bars substituted shall have an area 
equivalent to the design area or larger. 
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REINFORCING STEEL 505 

METHOD OF MEASUREMENT 

505.04.01. Measurement. The calculated quantity 
shown on the plans, plus or minus quantities covered by 
approved changes, will be the quantity used for payment. 
The Engineer or the Contractor may request final measure- 
ment if a possible error is suspected in the quantities shown 
on the plans. The Contractor’s request for final measure- 
ment shall be in writing. Final measurement will be made 
according to the dimensions shown on the plans plus or 
minus approved changes and quantities derived therefrom 
will be the quantity used for payment. The quantity of 
reinforcing steel measured for payment will be the number 
of pounds complete and in place. 

The calculated weights of the plain and deformed bars 
shall be based on the following table: 

Nominal Diameter Weight per Foot 
Size No. in Inches in Pounds 

1 AE on dye wl locke aR MASS ipa sachet 0.250 0.167 

Se Mee: Oe ere eae or ON ore 0.375 0.376 

eee Bete Peat doe, FIR A ccs antcs: 0.500 0.668 

a ea eee Be Gos a leccu sacks 0.625 1.043 

EE ae RAE a ot ca PEC nO 0.750 1.502 

OE PE ee aye al oN Oa lana 0.875 2.044 

EE ES TS Ee Sees 1.000 2.670 

ino dip sea ou, SESS aeons Beatie: Fohy en Bele aa 1.128 3.400 

FU. uh 2 ae Neel SRARaS ler SOR Sea SRM 0 SEESoe 1.270 4.303 

cE RE aa i ae AM ap oa a are aca 1.410 5.313 

[sibel n acer ohacheeemenanat tne Shh oo vets oth Ried 1.692 7.650 

fh EAE. Fee te. eee ae ee ene. 2.256 13.600 

The quantity of mesh reinforcement to be measured for 
payment will be the number of square yards complete and 
in place measured along the plane of placement. No 
allowance will be made for laps. 

All measurements will be made in accordance with 
subsection 109.01, ““Measurement of Quantities.” 

BASIS OF PAYMENT 

505.05.01 Payment. The accepted quantity of rein- 
forcing steel measured as provided in subsection 505.04.- 
01, “Measurement,” will be paid for at the contract unit 

price bid per pound. 
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505 REINFORCING STEEL 

The accepted quantity of mesh reinforcement measured 
as provided in subsection 505.04.01, “Measurement,” 
will be paid for at the contract unit price bid per square 
yard. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Remiorcing Siecle eet a ee eae ee, Se Pound 
IMLESD. RCUNIOPCIING: mesure ks 2 een eee eee ee Square Yard 
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SECTION 506 

STEEL STRUCTURES 

DESCRIPTION 

506.01.01 General. This item shall consist of fur- 
nishing, fabricating, casting, machining, or otherwise pre- 
paring, transporting, erecting, and painting any or all 
structural steel, rivet and eyebar steel, steel forgings, cast- 
ings, and any other metal of the type, shape, dimensions, 
and quality, required by these specifications or as shown on 
the plans. 

MATERIALS 

506.02.01 General. Materials shall meet the perti- 
nent requirements of the following sections: 

Biruciiral sand: hyebpar Slee) 2. sen ger ere eae Section 710 
‘Aluminum’ for? Bridge ‘Rail. 5 en en aa Section 711 
Miscellaneous Metals! 42 Bek Ab oe te eee! Section 712 
Paint eae th A Mes, wir) Tsetse a Soe PSO ee eh 7G Section 714 
Gal VaNIZIN &: vec ce peste eh hi, abi ciemy ere vaseres, Beers Section 715 
Miastomeric bearing Pads 2 oe abn nth akn Section 725 

Turned bolts shall meet the material specifications set 
forth for structural rivet steel. Anchor bolts, nuts and wash- 

ers shall be of structural steel, galvanized in accordance 
with ASTM Designation A153. Bolts for fastening tubes to 
the rail posts sockets shall be stainless steel. 

Steel bridge and pedestrian railing shall be primed and 
painted in accordance with Section 714, subparagraph (a). 

Bridge or pedestrian rail and posts made of aluminum 
shall not be painted. 

Shims shall be either aluminum alloy or asbestos sheet 
packing, at the Contractor’s option. Aluminum Alloy Shims 
shall conform to ASTM Designation: B209 Alloy 1100-0. 
Asbestos sheet packing shall be composed essentially of 
asbestos fibers bonded together with a cementing medium 
rendering it tough and pliable. The deformation of the 
packing under a load of ten thousand (10,000) pounds per 
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506 STEEL STRUCTURES | 

square inch shall be less than sixteen (16) percent of the 
thickness and the loss on ignition shall not be more than © 
twenty-five (25) percent. | 

Insulating material for insulating the bases of aluminum 
rail posts from concrete and from steel anchor bolts shall 
be an aluminum impregnated light colored caulking com- 
pound of the consistency of putty. 

Shims for steel railing shall be galvanized steel plates. 
All bolts, nuts and washers shall be either steel galva- 

nized in accordance with ASTM Designation: A153; stain- 
less steel conforming to ASTM Designation: A276; or 
steel, cadmium plated in accordance with ASTM Designa- 
tion: A165, Type TS. 

CONSTRUCTION 

506.03.01 Shop Drawings. Shop drawings shall con- 
sist of shop detail erection and other working plans showing 
dimensions, sizes of material, details, and other information 
necessary for the complete fabrication and erection of the 
metal work. The drawings shall be prepared on sheets 
twenty-two (22) inches wide by thirty-six (36) inches. The 
original drawings may be made either on paper or on cloth, 
but the details must be drawn so that the prints will be 
clear and legible. 

Unless otherwise requested, the Contractor shall submit 
to the Engineer, for approval, two (2) sets of checked draw- 

ings. The Engineer reserves the right to refuse prints of 
shop drawings which are not clear and legible. Upon 
approval the Contractor shall furnish the Engineer with 
the number of sets of shop drawings requested and the 
original tracings or Van Dyke negatives thereof. All shop 
plans shall be submitted for approval at least fifteen (15) 
days before fabrication is started and no material shall be 
fabricated until the plans have been finally approved by the 
Engineer. The shop drawings as approved by the Engineer 
shall become a part of the contract; provided, however, 
that any substitution of sections contemplated by the shop 
drawings different from sections shown on the plans shall 
be made only when approved by the Engineer and in such 
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STEEL STRUCTURES 506 

case, the additional costs resulting from such substitution 
shall be borne by the Contractor. 

After approval there shall be no deviation from the shop 
drawings or changes made thereon without the prior 
approval of the Engineer. 

Approval of shop drawings shall be understood to be an 
acceptance of the character and sufficiency of the details 
and not a check of any dimensions. Checking shop draw- 
ings is intended as a means of facilitating the work and 
avoiding errors so far as possible, but it is expressly under- 
stood that it will not relieve the Contractor from the 
responsibility in regard to errors or omissions on said shop 
drawings. 

The contract price shall include the cost of furnishing all 
shop drawings and the Contractor will be allowed no extra 
compensation for such drawings. 

506.03.02 Notice of Beginning Work. The Contrac- 
tor shall give the Engineer ample notice of manufacturing 
of material at the mill so that inspection may be provided. 
No material shall be manufactured or fabrication begun 
without authorization by the Engineer. The Engineer may 
inspect the material, as provided for in ASTM Designation 
A6, at his option. Material not inspected at the place of 
manufacture shall be subject to inspection as provided for 
in Section 506.03.03, “Mill,” means any rolling mill or 
foundry where material for the work is to be manufactured. 
Prior to the beginning of fabrication, a fifteen (15) day 
written notice shall be provided, by the Contractor, to the 
Engineer. Any purchase of material prior to inspection at 
the mill or fabrication of any work without authorization 
from the Engineer shall be at the Contractor’s risk. 

506.03.03 Inspection and Testing. Inspection and 
Testing of Materials. The Engineer will examine and test 
as necessary all material before fabrication. Adequate facil- 
ities and free access to the necessary work areas will be 
provided to the Engineer by the manufacturer and fabrica- 
tor. Required test samples will be furnished free of charge. 
Material not inspected at the place of manufacture shall be 
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subject to all chemical, physical, and workmanship require- 
ments established for the material supplied. Materials or 
workmanship not in conformity with the specified product 
may be rejected. The Engineer may inspect and test all 
material by any visual, destructive or nondestructive 
method to evaluate the material for its specified properties. 
Mill orders and certificates, showing test values obtained, 
must be furnished in triplicate to the Engineer. All certified 
test values must include physical and chemical results and 
steel making process used. Test samples will be obtained 
from all steel not identified by mill heat numbers. Accept- 
ance of any material at the mill or fabrication shop prior 
to incorporation into the work shall not prevent the rejec- 
tion of the material or finished member if defects are dis- 
covered during the fabrication process. 

Inspection in the fabrication shop is intended as a means 
of facilitating the work and avoiding errors so far as possi- 
ble. It is expressly understood that shop inspection does 
not relieve the Contractor from responsibility for material 
or fabrication defects or errors and the necessity for 
replacement or correction of rejected materials and work- 
manship. 

Shop inspection of rail pipe and tubes will in most cases 
be waived and the Contractor permitted to ship subject to 
inspection at the project site. The field inspection will cover 
the general appearance, size, thickness, etc., of the pipe 

and tubing. Conformance of chemical and mechanical 
properties to requirements of the specifications will also be 
considered before the material is approved. Shop inspec- 
tion of rail posts will be made on the first few rail posts 
castings furnished for each project in order to establish a 
satisfactory class of finish and workmanship. When shop 
inspection is waived on a portion of the handrail posts for 
a project, a careful inspection will be made in the field to 
determine the acceptability of these posts on the basis of 
the finish and workmanship as compared to that of the 
other posts previously inspected and approved. 

Fabrication of aluminum alloy material shall, in general, 

conform to or be equivalent to fabrication methods and 

440 



STEEL STRUCTURES 506 

practices recommended in the handbooks of the major pro- 
ducers of aluminum materials and specifically the following 
requirements: 

(a) Material shall be sawed, routed or milled. 
(b) Flame cutting is not permissible. 
(c) Tubing may be heated to a temperature not exceed- 

ing four hundred (400) degrees Fahrenheit for a period not 
exceeding fifteen (15) minutes to facilitate bending. 

(d) Holes in pipe and tubing shall be drilled. Holes in 
castings shall be cored and reamed, or drilled from the 
solid. Seats for pipe shall be finished smooth. 

The fabrication and handling of aluminum materials in 
the shop and field shall be performed in a manner to pre- 
vent scoring or marring of the surfaces. An objectionable 
appearance resulting from such scoring or marring shall be 
cause for rejection of the material. Sleeves and rails shall 
be fabricated in lengths indicated on the plans. 

The finishing of rail posts shall be performed after fabri- 
cation is completed. All fins, pipes, and other casting irreg- 
ularities and ail drilling, reaming, and other fabrication 

marks shall be removed. 

506.03.04 Storage. The loading, transporting, unload- 
ing, storing, and handling of structural steel shall be con- 
ducted so that the metal will be kept clean and free from 
injury. When unloaded, the material shail be placed on 
skids above the ground. All material for the project shall 
be stored separate from “in stock” materials. Girders and 
beams shall be placed upright and shored. Long members, 
such as columns and chords, shall be supported on skids 
placed near enough together to prevent injury from deflec- 
tions. Different grades or classifications of material shall be 
color coded, as provided for in ASTM Designation A6. 
This color code must be transferred throughout fabrication. 
If the contract covering the erection of the steel does not 
include the fabrication, the Contractor shall check the 
material received by him and report promptly, in writing 
to the Engineer, any shortage or injury discovered. 

506.03.05 Straightening. Rolled material before being 
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laid out or worked shall be straight. Subassemblies and 
completed members shall be straight before being incorpo- 
rated into the work. If straightening is necessary, it shall be 
done by methods acceptable to the Engineer. Details of 
methods proposed for straightening shall be submitted in 
writing to the Engineer prior to their use. After straighten- 
ing, evidence of fracture or other damage will be cause for 

rejection of the material. Dimensional tolerances and 
repairs of surface irregularities, described in ASTM Desig- 
nation A6, shall govern for the acceptance of repaired 
material. 

506.03.06 Rivet Holes. Rivet holes in carbon steel 
which is more than three-fourths (34) inch in thickness 
shall be subpunched and reamed, subdrilled and reamed, 

or drilled full size from the solid. Unless otherwise speci- 
fied, all rivet holes in such material which is three-fourths 
(34) inch or less in thickness may be punched full size 
except where such holes match holes in thicker adjacent 
material. In such cases the holes in the thinner material 
shall be subpunched (or subdrilled) and reamed while the 
parts are assembled or drilled full size from the solid while 
the parts are assembled. 

Rivet holes in material of alloy steels which is more than 
five-eighths (6) inch in thickness shall be subpunched and 
reamed, subdrilled and reamed, or drilled full size from the 

solid. Unless otherwise specified, all rivet holes in such 
material which is five-eighths (%) inch or less in thickness 
may be punched full size except where such holes match 
holes in thicker adjacent material. In such cases the holes 
in the thinner material shall be subpunched (or subdrilled) 
and reamed while the parts are assembled or drilled full 
size from the solid while the parts are assembled. 

Where there are five (5) or more thicknesses of metal, all 
holes regardless of the thicknesses of the separate pieces 
shall be subpunched (or subdrilled) and reamed while the 
parts are assembled or drilled full size from the solid while 
the parts are assembled. 

Full sized punched holes shall be one-sixteenth (4) 
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inch larger than the nominal diameter of the rivet. The 
diameter of the die shall not exceed the diameter of the 
punch by more than one-sixteenth (14) inch. If any holes 

must be enlarged to admit the rivets, they shall be reamed. 
Holes must be clean cut, without torn or ragged edges. 
Poor matching or mispunched holes will be cause for rejec- 
tion. 

Subpunched (or subdrilled) and reamed holes shall be 
punched or drilled not less than three-sixteenths (* ¢) inch 

smaller than the nominal diameter of the rivet. After 
punching or drilling, the holes shall be reamed to a diam- 
eter of one-sixteenth (44.) inch larger than the nominal 

diameter of the rivet. The punch and die shall have the 
same relative sizes as specified for full sized punched holes. 
Reamed holes shall be cylindrical and perpendicular to the 
member. Where practicable, reamers shall be directed by 
mechanical means. Burrs on the outside surfaces shall be 
removed. Poor matching of holes will be cause for rejec- 
tion. Reaming of rivet holes shall be done with twist drills 
or with short taper reamers. 

Full size drill holes shall be one-sixteenth (14) inch 

larger than the nominal diameter of the rivet. Burrs on the 
outside surfaces shall be removed. 

All holes punched full size, subpunched or subdrilled 
shall be so accurately punched after assembly (before any 
reaming is done) a cylindrical pin one-eighth (4%) inch 
smaller in diameter than the nominal size in the punched 
hole may be entered perpendicular to the face of the mem- 
ber, without drifting, in at least seventy-five (75) percent of 
the contiguous holes in the same plane. If the requirement 
is not fulfilled, the badly punched pieces shall be rejected. 

When holes are reamed or drilled eighty-five (85) percent 
of the holes in any contiguous group shall, after reaming 
or drilling, show no offset greater than one thirty-second 
(142) inch between adjacent thicknesses of metal. 

506.03.07 Rivets. Size of rivets called for on the 
plans shall be the size before heating. 

Rivet heads shall be of standard shape unless otherwise 
specified, and of uniform size for the diameter of rivet. 
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They shall be full, neatly made, concentric with rivet holes, 
and in full contact with the surface of the member. 

506.03.08 Shop Riveting. Rivets shall be heated uni- 
formly to a “light cherry red color” and shall be driven 
while hot. Any rivet whose point is heated more than the 
remainder shall not be driven. When a rivet is ready for 
driving, it shall be free from slag, scale, or other adhering 
matter. Any rivet which, in the opinion of the Engineer, is 
scaled excessively, shall be rejected. 

All rivets that are loose, burned, badly formed, or other- 

wise defective shall be removed and replaced with satis- 
factory rivets. Any rivet whose head is deficient in size or 
whose head is driven off center will be considered defective 
and shall be removed. Stitch rivets that are loosened by the 
driving of adjacent rivets shall be removed and replaced 
with satisfactory rivets. Caulking or recupping of rivet 
heads will not be permitted. 

Shop rivets shall be driven by direct-acting rivet 
machines where practicable. Approved beveled rivet sets 
shall be used for forming rivet heads on sloping surfaces. 
When the use of a direct-acting rivet machine is not prac- 
ticable, pneumatic hammers of approved size shall be used. 
Pneumatic bucking tools will be required when, in the 
opinion of the Engineer, the size and length of the rivets 
warrant their use. 

Rivets may be driven cold pravided their diameter is not 
over three-eighths (¥8) inch. 

506.03.09 Subpunching, Drilling, and Reaming. Un- 
less otherwise specified, rivet holes and connections and 
splices (shop and field) of main truss or arch members, 
continuous beams, plate girders and rigid frames and rivet 
holes in plate girder flanges, and stiffeners, intermediate 
stiffeners intended as supports for concentrated loads, and 
web splices shall either be subpunched (or subdrilled) and 
reamed while shop assembled or drilled to full size from 
the solid while assembled at the shop. The assembly, includ- 
ing camber, alignment, accuracy of holes and mill joints, 
shall be approved by the Engineer before reaming is com- 
menced. 
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Unless otherwise specified, each individual (full length) 
truss, arch, continuous beam, or girder shall be assembled 
at the shop before reaming or drilling is commenced. Dur- 
ing shop assembly all members shall be supported at such 
intervals and in such manner as is necessary to avoid unde- 
sirable deflections. 

All holes for fioor beams and stringer field end connec- 
tions shall be subpunched and reamed to a steel template. 

506.03.10 Bolts and Bolted Connections. (a) Gen- 
eral. Bolted connections shall not be used unless called 
for in the contract documents. Where bolted connections 
are permitted, the bolts furnished shall be as hereinafter 
specified. Ribbed high-tensile bolts or high-tensile strength 
bolts may be substituted for field rivets in locations where, 
in the opinion of the Engineer, it is impractical to drive 
rivets. Bolts shall be of such length that they will extend 
entirely through the nut, but not more than three-eighths 
(%) inch beyond. The Contractor shall furnish sufficient 
bolts of each type for each size and length to bolt such con- 
nections as called for with an ample surplus to replace 
those lost or rejected. 

The holes, except holes in end diaphragms, shall be truly 
cylindrical. Holes shall be at right angles to the surface of 
the metal so that both head and nut will bear squarely 
against the metal. Bolts shall be driven accurately into the 
holes without damaging the thread. A snap shall be used 
to prevent damaging the heads. 

Bolt holes in end diaphragms shall be slotted one-half 
(2) inch in addition to the dimensions shown on the plans, 
in the direction to facilitate erection. At all locations where 
such slotted bolt holes are required, circular washers shall 
be placed on each side of the bolted connection, and the 
necessary bolt length adjusted accordingly. 

Bolts in end diaphragms to girder connections shall not 
be tightened until the deck pour has been completed. 

All bolted connections shall be fastened with high-ten- 
sile-strength bolts or ribbed high-tensile-strength bolts. The 
use of unfinished bolts or plain ribbed bolts will not be 
permitted. 

445 



506 STEEL STRUCTURES 

(b) High-Tensile-Strength Bolts. The use of high 
strength bolts in structural connections shall comply with 
article 2.10.20, “Construction Using High Strength Bolts,” 
of the current AASHTO Standard Specifications for High- 
way Bridges. 

506.03.11 Shop Assembly. Shop assembly of trusses, 
arches, continuous beams, continuous plate girders, and 

rigid frames shall be according to subsection 506.03.09, 
“Subpunching, Drilling, and Reaming.” All members shall 
be match marked before being disassembled. 

Complete shop assembly of an entire structure, including 
floor system, which may be necessary in the case of compli- 
cated design or of skewed or super-elevated structure shall 
be done only if required by the special provisions. 

The several component parts of a built-up member shall 
be straight and close fitting. 

Surfaces of metal in contact shall be cleaned before 
assembling. The parts of a member shall be assembled, well 
pinned, and firmly drawn together with bolts before drill- 
ing, reaming, or riveting is commenced. Assembled pieces 
shall be taken apart, if necessary, for the removal of burrs 

and shavings produced by the operations. The member 
shall be free from twists, bends, and other deformations. 

End connections, angles, stiffener angles, and similar 
parts shall be carefully adjusted to correct positions and 
bolted, clamped, or otherwise firmly held in place until 
riveted. 

The drifting done during assembling shall be only such 
as to bring the parts into position, and not sufficient to 
enlarge the holes or distort the metal. If any holes must be 
enlarged to admit the rivets, they shall be reamed. 

Parts not completely riveted in the shop shall be secured 
by bolts insofar as practicable to prevent damage in ship- 
ment and handling. 

Connecting parts assembled in the shop for the purpose 
of reaming holes in field connections shall be match 
marked, and a diagram showing such marks shall be fur- 
nished to the Engineer. 
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506.03.12 Edge Planing. Sheared edges of plates 
more than five-eighths (%) inch in thickness and carrying 
calculated stress shall be planed to a depth of one-fourth 
(44) inch. Re-entrant cuts shall be filleted to a radius of 
three-fourths (34) inch. 

506.03.13 Facing of Bearing Surfaces. The surface 
finish of bearing and base plates and other bearing surfaces 
that are to come in contact with each other or with con- 
crete shall meet the American Standards Association sur- 
face roughness requirements as defined in ASA B46.1-55, 

Surface Roughness, Waviness and Lay, Part 1: 

Sa BART og Serf ae Se ee a eee ASA 2,000 

Heavy plates in contact in shoes to be welded................ ASA 1,000 
Milled ends of compression members, 

stiffeners: and ehillefs! 20. MOO VILA. 2a Vos ASA 500 
Bridge, rollers: and wockers ieiccjicis od tievlacasinae.s ASA 250 

BS ANGI: NOES ciel cea B ning eatntn- pial de--- ASA 125 
ATI RSET TED Oat ROT RSE iy: SATO RNR cle Gare ASA 125 

Surfaces of bronze bearing plates intended for sliding 
contact shall be planed parallel to the movement of the 
spans and polished. 

506.03.14 Abutting Joints. Abutting joints in com- 
pression members of trusses and in columns shall be milled. 

Openings and abutting joints in tension members shall 
not exceed one-fourth (4) inch. 

Abutting joints of continuous I beam spans shall be 
square and tight fit. 

Abutting joints in top and bottom flanges of plate girders 
shall be square and tight fit. 

5006.03.15 Flame Cutting. Preparation of material 
flame cutting. This work shall be in accord with the provi- 
sions of AWS D1.1—72 and revisions as modified by the 
AASHTO Standard Specifications for Welding of Struc- 
tural Steel Highway Bridges. 

506.03.16 End Connection Angles. Floorbeams, 
stringers, and girders having end connection angles shall be 
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built to exact length shown on the plans measured between 
the heels of the connection angles, with a permissible toler- 
ance of plus zero (0) inch to minus one-sixteenth (1/16) 
inch. Where continuity is to be required, end connections 
shall be faced. The thickness of the connection angles shall 
not be less than three-eighths (%%) inch, nor less than that 
shown cn the detail drawings. 

5065.03.17 Lacing Bars. The ends of lacing bars shall 
be neatly rounded unless another form is required. 

5096.03.18 Web Plates. In girders having no cover 
plates and not to be encased in concrete, the top edge of 
the web plate shall not extend above the backs of the flange 
angles and shall not be more than one-eighth (%) inch 
below at any point. Any portion of the plate projecting 
beyond the angles shall be chipped flush with the backs of 
the angles. Web plates or girders having cover plates may 
be one-half (2) inch less in width than the distance back 
to back of flange angles. 

Splices in webs of girders without cover plates shall be 
sealed on the top by welding. 

At web splices, the clearance between the ends of the 
web plates shall not exceed three-eighths (%) inch. The 
clearance at the top and bottom ends of web splice plates 
shal! not exceed one-fourth (% ) inch. 

506.03.19 Stud Shear Connectors. (a) Stud shear 
connectors shali be of a design suitable for end welding 
and shail be end welded to steel beams, girders, or plates 
with automatically timed stud welding equipment. The 
type, size or diameter, and length of stud shall be as speci- 
fied in the contract documents. (See AWS D1.1—72 and 
revisions thereto as modified by AASHTO Standard Speci- 
fications for Welding of Structural Steel Highway Bridges 
for allowable tolerances.) A maximum variation of one 
(1) inch from the location shown will be accepted provided 
the adjacent studs are not closer than two and one-half 
(212) inches center to center. The clear distance between 
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the edge of a girder flange and the edge of the shear con- 
nectors shall be not iess than one (1) inch. Adequate pro- 
vision shall be made in the fabrication of structural 
members to compensate for loss of camber due to welding 
of the shear connectors. 

(b) Studs shall not be painted or galvanized. The studs 
shall be free from rust, scale, rust pits, and oil at the time 
of welding and immediately before the concrete is placed. 
The beam surface to which the studs are welded shall be 
free from excessive mill scale, rust, dirt, paint, grease, 

or any other material which might impair the quality of 
the weld. When necessary to obtain satisfactory welds, the 

areas on the beam, girder, or plate to which the studs are 
to be welded shall be wire-brushed, peened, prick-punched, 
or ground free of scale or rust. 

(c) The Contractor shall submit to the Engineer for 
approval, before installation, information on the studs to be 
furnished as follows: 

1. The name of the manufacturer. 
2. A detailed description of the stud and arc shield. 
3. A certification from the manufacturer that the 

stud is qualified as specified in AWS D1.1-—72 and revisions 
thereto as modified by AASHTO Standard Specifications 
for Welding of Structural Steel Highway Bridges. The 
certification must also indicate the heat from which the 
studs were manufactured. 

Welding specifications and procedure requirements shall 
conform to AWS Di.1—72 and revisions thereto as modi- 
fied by AASHTO Standard Specifications for Welding of 
Structural Steel Highway Bridges. 

506.03.20 Welding. Welding of steel structures when 
authorized in accordance with the provisions contained 
herein, called for in the contract documents, or upon 
written permission from the Engineer shall conform to 
the requirements of the 1972 Edition of the American 
Welding Society Standard Specifications D1.1—-72 and 
revisions thereto as modified by AASHTO Standard Speci- 
fications for Welding of Structural Steel Highway Bridges. 
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Inspection and testing shall also conform to the pro- 
visions of AWS D1.1—72 and revisions thereto as modified 
by AASHTO Standard Specifications for Welding of Struc- 
tural Steel Highway Bridges and Nevada Test Methods 
NHD 900, 901, and 903 except as modified in this sub- 
section. 

All welding shall be performed in the fabrication shop, 
except as otherwise noted on the plans or permitted by 
the Engineer. 

(a) Inspection and Testing of Shop Welds: 

1. Radiographic Inspection: The procedure, tech- 
niques and standards of acceptance shall be in conform- 
ance with the current AWS D1.1—72 and revisions thereto 
as modified by AASHTO Standard Specifications for 
Welding of Structural Steel Highway Bridges. The Engi- 
neer will make all final interpretations of weld defects and 
film quality. All radiographs will be the property of the 
Department during and after completion of the project. 

2. Ultrasonic: The procedure, techniques, and 
standards of acceptance shall be in conformance with the 
current AWS D1.1—72 and revisions thereto as modified 
by AASHTO Standard Specifications for Welding of Struc- 
tural Steel Highway Bridges except as modified in this 
subsection. 

3. Magnetic Particle Inspection: ‘This procedure 
and technique shall be in conformance with the current 
ASTM E-109 “Dry Powder Magnetic Particle Inspection.” 

(b) Inspection and Testing of Field Welds: 
The Department will make either magnetic particle 

inspection, ultrasonic inspection or radiographic inspec- 
tion of field welds when so required by the plans or the 
special provisions and the acceptability of welds will be 
judged in accordance with the Inspection and Testing of 
Shop Welds for the type of inspection employed. 

Welds shall be painted according to the applicable pro- 
visions of Section 614, “Painting. cee 

All groove welds on primary members shall be finished 
smooth and flush with the base metal on all surfaces by 
grinding in the direction of applied stress, leaving surfaces 
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free from depressions. Chipping may be used provided it is 
followed by such grinding. 

506.03.21 Fit of Stiffeners. End stiffeners of girders 
and stiffeners intended as supports for concentrated loads 
shall be milled or ground to secure an even bearing against 
the flange. Intermediate stiffeners shall fit sufficiently tight 
to exclude water after being painted. Fillers under stif- 
feners shall fit within one-fourth (14) inch at each end. 

Welding will be permitted in lieu of milling or grinding 
if noted in the contract documents. Where stiffeners are 
required on one side of the web only, they shall be welded 
to the compression flange. 

506.03.22 Annealing and Stress Relieving. Members 
such as bridge shoes, pedestals, or other parts which are 
built up by welding sections of plate together, and stress 
relieving is called for in the contract documents, stress 
relieving shall be in accordance with the provisions of the 
American Welding Society. 

506.03.23 Pins, Rollers, and Pin Holes. Rollers shall 
be of structural carbon steel, and pins shall be of carbon 
steel forgings meeting the requirements of subsection 710.- 
03.08, “Pins and Rollers.” Pins and rollers shall be accu- 
rately turned to the dimensions shown on the drawings and 
shall be straight, smooth, and free from flaws. Final sur- 
face shall be produced by a finishing cut. 

In pins larger than nine (9) inches in diameter, a hole 
not less than two (2) inches in diameter shall be bored 
full length along the axis after the forging has been cooled 
to a temperature below the critical range under suitable 
conditions to prevent injury by too rapid cooling, and 
before being annealed. 

Pin holes shall be bored true to the specified diameter, 
smooth and straight, at right angles with the axis of the 
member and parallel with each other unless otherwise 
specified. 

The distance outside to outside of holes in tension 
members and inside to inside of holes in compression 
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members shall not vary from that specified more than one 
thirty-second (142) inch. Boring of holes in built-up mem- 
bers shall be done after the riveting is completed. 

The diameter of the pin hole shall not exceed that of the 
pin by more than one-fiftieth (44)) inch for pins five (5) 

inches or less in diameter, or more than one thirty-second 
(42) inch for larger pins. 

Screw threads for all bolts and pins for structural steel 
construction shall conform to the American National 
Coarse Thread Series, Class 2, free fit, except that pin 
ends having a diameter of one and three-eighths (1%) 
inches or more shall be threaded six (6) threads to the inch. 

_ Pilot and driving nuts shall be used in driving pins. 
They shail be furnished by the Contractor without charge. 
Two pilot nuts and two drifting nuts for each size of pin 
shall be furnished, unless otherwise specified. Pins shall 
be so driven that the members will take full bearing on 
them. Pin nuts shall be screwed up tight and the threads 
burred at the face of the nut with a pointed tool. 

506.03.24 Shop Painting. Unless otherwise provided 
the application of shop paints shall conform to the require- 
ments of Section 614, “Painting.” 

Surfaces to be in contact after shop riveting is completed 
shall be cleaned but shall not be painted. 

506.03.25 Marking and Shipping. Each member shail 
be painted or marked with an erection mark for identifica- 
tion and an erection diagram shall be furnished with erec- 
tion marks shown thereon. Members weighing more than 
three (3) tons shall have the weight marked thereon. 
Structural members shall be loaded on trucks or cars in 
such a manner that they may be transported and unloaded 
at their destination without being excessively stressed, 
deformed or otherwise damaged. All girders must be 
shipped in a standing position which position shall be 
maintained in subsequent operations. 

506.03.26 Erection Methods and Equipment. Before 
starting work, the Contractor shall inform the Engineer 
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fully as to the method of erection he proposes to follow 
and as to the amount and character of the equipment he 
proposes to use, the adequacy of which shall be subject 
to the approval of the Engineer. The approval of the Engi- 
neer shall not be considered as relieving the Contractor of 
the responsibility for the safety and adequacy of his 
methods or equipment or from carrying out the work in 
full accordance with the plans and specifications. No 
work shall be done without the sanction of the Engineer. 

Spot welding for the purpose of eliminating field erec- 
tion bolts or for holding steel parts together while riveting 
will not be permitted. 

All work of erection shall be subject to inspection and 
the Contractor shall furnish facilities for such inspection of 
material and workmanship. Material and workmanship 
not previously inspected shall be inspected after its deliv- 
ery to the site of the work. 

The Contractor shall provide the falsework and all tools, 
machinery and appliances, including drift pins and fitting 
up bolts, necessary for the expeditious handling of the 
work. 

Anchor bolts for rail posts shall be galvanized high- 
strength bolts set with suitable templates in exact position 
and securely fixed to prevent displacement during the con- 
creting operations. The areas of concrete upon which 
posts are to be set shall be dressed by grinding or rubbing 
to a true plane for the proper seating of the posts. All 
surfaces of aluminum alloy posts and adjustment shims to 
be in contact with concrete or with the steel anchor bolts, 
nuts, and washers shall be coated with aluminum insulat- 
ing compound. 

Rail posts shall be erected in sections. Erection of sec- 
tions of rails and posts shall continue successively until 
all or an approved portion of the required rail is erected. 
The rail shall then be aligned and the nuts on the anchor 
bolts tightened. In final adjustment no posts shall deviate 
more than one-eighth (1%) inch from true alignment and 
there shall be no abrupt break in alignment at any loca- 
tion. Aluminum shims may be slotted for ease in placing 
if approved by the Engineer. 
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506.03.27 Falsework. The falsework shall be prop- 
erly designed and substantially constructed and maintained 
for the loads which come upon it. The Contractor shall 
prepare and submit to the Engineer, for approval, plans 
for falsework or for changes in an existing structure neces- 
sary for maintaining traffic. Approval of the Contractor’s 
plans shall not be considered as relieving the Contractor 
of any responsibility. 

Upon completion of the erection and before final accept- 
ance, the Contractor shall remove all falsework, excavated 
or useless materials, rubbish and temporary buildings, 
replace or renew any fences damaged, restore in an 
acceptable manner all property, both public and private, 
which may have been damaged during the prosecution of 
the work, and leave the structure site and adjacent highway 
in a neat and presentable condition satisfactory to the 
Engineer. 

All excavated material or falsework placed in the stream 
channel before construction shall be removed by the Con- 
tractor before final acceptance. 

506.03.28 Bearing and Anchorage. Masonry bearing 
plates shall not be placed upon bridge seat bearing areas 
which are improperly finished, deformed, or irregular. 
Bearing plates shall be set level in exact position and shall 
have a full and even bearing upon the masonry. Unless 
otherwise directed by the Engineer, they shall be placed on 
a layer of canvas and red lead applied as follows: Thor- 
oughly swab the bridge seat bearing area with red lead 
paint and place upon it three (3) layers of twelve (12) to 
fourteen (14) ounce duck, each layer being thoroughly 
swabbed on its top surface with red lead paint. Place the 
superstructure shoes or pedestals in position while the 
paint is plastic. As an alternate to canvas and red lead, 
sheet lead may be used if called for on the plans. 

The milled and finished surfaces of castings or bearing 
plates shall have the shop coat of tallow, white lead, or oil 

removed immediately prior to placing in the structure. 
Surfaces designed for sliding movement, one upon the 
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other, shall be given a field coat of graphite grease when 
placed in the structure. 

The Contractor shall drill the holes and set the anchor 
bolts, except where the holes are formed or the bolts are 
built into the masonry. The bolts shall be set accurately 
and fixed with Portland cement grout, completely filling 
the holes. The location of the anchor bolts in relation to 
the slotted holes in the expansion shoes shall correspond 
with the temperature at the time of erection. The nuts on 
anchor bolts at the expansion ends of spans shall be 
adjusted to permit free movement of the span. 

Elastomeric bearing pads shall conform to the require- 
ments specified in subsection 502.03.13, “Expansion and 
Fixed Joints and Bearings.” 

506.03.29 Field Assembling and Riveting. The parts 
shall be accurately assembled as shown on the plans and 
match-marks shall be followed. The material shall be care- 
fully handled so that no part will be bent, broken, or 

otherwise damaged. Hammering which will injure or dis- 
tort the members shall not be done. Bearing surfaces and 
surfaces to be in permanent contact shall be cleaned before 
the members are assembled. Unless erected by the canti- 
lever method, truss spans shall be erected on blocking so 
placed as to give the trusses proper camber. The blocking 
shall be left in place until the tension chord splices are 
fully riveted and all other truss connections pinned and 
bolted. Splices of riveted butt joints of compression mem- 
bers, in railings, and in other field splice connections 
shall have one-half (#2) of the connection holes filled with 
bolts and cylindrical erection pins (half bolts and half 
pins) before riveting. Splices and connections carrying 
traffic during erection shall have three-fourths (34) of the 
holes so filled. 

Fitting-up bolts shall be of the same nominal diameter 
as the rivets, and cylindrical erection pins shall be one 
thirty-second (142) inch larger. 

Pneumatic hammers shall be used for field riveting. Cup- 
faced dollies fitting the head closely to insure good bearing 
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shall be used. Connections shali be accurately and securely 
fitted up before the rivets are driven. Driftings shall be 
only such as to draw the parts into position and not suffi- 
cient to enlarge the holes or distort the metal. Unclear 
holes shall be reamed or drilled. Rivets shall be heated 
uniformly to a light ““cherry-red” color and shall be driven 
while hot. They shall not be overheated or burned. Rivet 
heads shall be full and symmetrical concentric with the 
shank and shall have full bearing all around. They shall 
not be smaller than the heads of the shop rivets. Rivets 
shall be tight and shall grip the connected parts securely 

_ together. Caulking or recupping will not be permitted. In 
removing rivets, the surrounding metal shall not be injured; 
if necessary, they shall be drilled out. 

Field driven rivets shall be inspected and accepted before 
being painted. 

506.03.30 Misfits. The correction of minor misfits 
involving nonharmful amounts of reaming, cutting, and 
chipping shall be considered a legitimate part of the erec- 
tion. However, any error in the shop fabrication, or defor- 
mation resulting from handling and transportation, which 
prevents the proper assembling and fitting up of the parts 
by the moderate use of drift pins or by a moderate amount 
of reaming and slight chipping or cutting, shall be reported 
immediately to the Engineer and his approval of the 
method of correction obtained. The correction shall be 
made in his presence. The Contractor shall be responsible 
for all misfits, errors, and injuries and shall make the 
necessary corrections and replacements. 

506.03.31 Field Painting. Structural steel, unless 
otherwise specified, shall be painted as specified in Section 
614, “Painting.” 

METHOD OF MEASUREMENT 

506.04.01 Measurement. Measurement of structural 
steel will be either by the pound or lump sum as follows 
except that bridge and pedestrian rail may be measured by 
the linear foot. 
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(a) Pound basis. When structural steel is measured for 
payment by the pound, the calculated poundage shown on 
the plans, plus or minus quantities covered by approved 
changes, will be the quantity used for payment. The Engi- 
neer or the Contractor may request final measurement if a 
possible error is suspected in the quantities shown on the 
plans. The Contractor’s request for final measurement shall 
be in writing. Final measurement will be made according 
to the dimensions shown on the plans plus or minus 
approved changes, and quantities derived therefrom will be 
the quantities used for payment. 

The calculated weight shall be based on the following 
assumptions: 

1. Unit weights, pounds per cubic foot: 

Tron ema lea east oe ce ee Pe, ee ee Da 470.0 
EASE ET ATS EEL ER ty aE EE Re Atal REM De Se SNE 487.0 
Steel, rolled, cast, copper bearing, silicon, 

nickel,"and' stainless. &NS2 2003209 Py DRG ie aA SE BG 490.0 

The quantity of structural steel measured for payment 
will be the number of pounds complete and in place except 
that additional weight of substitutions made at the Contrac- 
tor’s request will not be included. 

2. The weight of shop rivets will be computed on the 
basis of reasonable average lengths, in accordance with the 
following table: 

Rivet Diameter (inches) Pounds per 100 Rivets 

2) 20 
Ye 30 

% 50 

i 100 

1 150 

1% 250 
144 325 

The weight of bolts, cap screws, anchor bolts, nuts, 

washers and anchor pipe sleeves remaining in the finished 
structure will be computed on the basis of their nominal 
weight and dimensions. 

3. The weight of paint will not be included in the 
computed weight of metals. 
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4. The weight of weld metal will be computed on the 
basis of the theoretical volume of the dimensions of the 
welds with no allowance for overrun. 

(b) Lump sum basis. When specified, structural steel 
acceptably completed in the structure as shown on the 
plans will be measured for payment by the lump sum. 
There will be no change in measurement due to substitu- 
tions made at the Contractor’s request. 

If the proposal contains such an item, bridge rail shall 
be measured in linear feet between concrete posts in the 

_ completed work. Measurement will be made to the nearest 
linear foot of rail for each structure measured along the top 
of the parapet from concrete end post to concrete end 
post. 

Pedestrian rail shall be measured by the linear foot of 
rail installed, complete in place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

506.05.01 Payment. The accepted quantity of struc- 
tural steel measured as provided in subsection 506.04.01, 
“Measurement,” shall be paid for at the contract unit price 
bid per pound or lump sum for structural steel as set forth 
for the bid item in the proposal. 

The additional steel in substitutions made at the Con- 
tractor’s request will not be paid for. 

The price per pound or lump sum shall constitute full 
compensation for doing all the work involved in furnishing, 
fabricating, delivering, erecting, and painting the steel work 
in accordance with the details shown on the plans and as 
herein specified, including furnishing of mill test reports 
and test specimens, except the specimens for full size tests. 
This price shall also include full compensation for furnish- 
ing and calibrating torque wrenches and/or power wrenches 
and all necessary equipment as required for testing high- 
strength bolt connections. 

Unless otherwise specified and provided for in the pro- 
posal, the lump sum price shall include all specified and 
approved metal in the finished structure, including rivets, 
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bolts, anchor bolts, scuppers and floor drains, castings, pier 
nosing angles, plates, copper, bronze and copper-alloy 
plates, and anchorages; also duck material and preformed 
pads under bearings. 

Bridge rail or pedestrian rail shall be paid for at the 
contract unit price bid per linear foot for the type specified 
whether it be constructed of steel or aluminum, which pay- 
ment shall be full compensation for furnishing, fabricating, 
delivering, erecting, painting and for all labor, materials, 
tools, supplies, equipment and incidentals necessary to 
complete the item, and for furnishing of mill test reports 
and test specimens. 

Full compensation for conforming to the welder qualifi- 
cation requirements of this section shall be considered as 
included in the contract price paid per pound or lump sum 
for structural steel and no separate payment will be made 
therefor. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

SSUES Pe) BED ie Lire) Coot Lyall ere ein pee amet ly Sota oe Pound or Lump Sum 
Bridce Uxailty pe yee. EPS Or See. Soe Linear Foot 
Pedesiriantnaitype) nein oe eA ee, eo Sete Linear Foot 
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SECTION 507 

TIMBER STRUCTURES 

DESCRIPTION 

507.01.0i General. This item shall consist of fur- 
nishing, framing, and installing timber of the kind, sizes, 
and dimensions and in accordance with the lines, grades, 
and sections shown on the plans. 

MATERIALS 

507.02.01 General. Materials shall meet the require- 
ments of the following sections: 

BSUTUClLUTAl ANG EVE DAL NLEC He GA oocctie tc ecesiodc eet Section 710 
Paint athe Foe Ee. ERS bons Re, BRT Bo) EAB Section 714 

Miscellaneous Metalsiisccner.pealiors vile ss.. ae! Section 712 

RAAT OWS Cate res me ee. ce pte Rie Bo eR fee ee eB, Section 723 
“TFG 6 my Sy eat we gee ae re At ati OM nS i li hte PMc ae hapless Section 718 

METLIDEE PE LCSEL VALIV Coren rr rene epee ccdee cebece Section 719 

If material lists or order lists are sent by the Contractor 
to the Engineer for checking or approval, such checking or 
approval by the Engineer shall in no way relieve the Con- 
tractor of responsibility for the correctness of such lists. 
Any expenses incident to the revision of materials furnished 
in accordance with such lists to make them comply with 
the design drawings shall be borne by the Contractor. 

All framing lumber and structural timber, unless other- 
wise specified or shown on the plans, shall be Douglas Fir 
or West Coast Hemlock or Larch. 

CONSTRUCTION 

507.03.01 Storage of Materials. Lumber and timber 
on the site of the work shall be stored in piles. 

Untreated material shall be open-stacked at least twelve 
(12) inches above the ground surface and piled to shed 
water and prevent warping. When required by the Engi- 
neer, it shall be protected from the weather by suitable 
covering. 
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Treated timber and piling shall be close-stacked and 
piled to prevent warping. 

The ground underneath and in the vicinity of all material 
piles shall be cleared of all weeds and rubbish. 

507.03.02 Workmanship. Workmanship shall be first 
class throughout. None but competent bridge carpenters 
shall be employed, and all framing shall be true and exact. 
Unless otherwise specified, nails and spikes shall be driven 
with just sufficient force to set the heads flush with the sur- 
face of the wood. Deep hammer marks in wood surfaces 
shall be considered evidence of poor workmanship and suf- 
ficient cause for removal of the workman causing them. 
The workmanship on all metal parts shall conform to the 
requirements specified in Section 506, “Steel Structures.” 

507.03.03 Treated Timber. Treated timber and pil- 
ing shall be carefully handled without sudden dropping, 
breaking of the outer fibers, bruising, or penetrating the 
surface with tools. It shall be handled with rope sling. Cant 
hooks, peaveys, pikes, or hooks shall not be used. 

All cutting, framing, and boring of treated timbers shall 
be done before treatment insofar as is practicable. 

All cuts in treated piles or timbers, and all abrasions, 
after being carefully trimmed, shall be covered with two 
applications of a mixture of sixty (60) percent creosote oil 
and forty (40) percent roofing pitch, or brush coated with 
at least two applications of hot creosote oil and covered 
with hot roofing pitch. 

All bolt holes, bored after treatment, shall be treated 
with creosote oil by means of an approved pressure bolt 
hole treater. Unfilled holes, after being treated with creo- 
sote oil, shall be plugged with creosoted plugs. 

Whenever, with the approval of the Engineer, forms or 
temporary braces are attached to treated timber with nails 
or spikes, the hole shall be filled by driving galvanized nails 
or spikes flush with the surface or plugging holes as 
required for bolt holes. 

5007.03.04 Untreated Timber. In structures of un- 

treated timber the following surfaces shall be thoroughly 
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coated with two coats of hot creosote oil before assembling: 
Ends, tops, and all contact surfaces of sills, caps, floors, 
and stringers; and all ends, joints and all contact surfaces of 
bracing and truss members. The back faces of bulkheads 
and all other timber which is to be in contact with earth, 
metal, or other timber shall be similarly treated. 

Unless untreated timber is to be used in the construction 
within three (3) days after date of delivery, it shall be 
painted on each end with a prime coat at time of delivery. 

507.03.05 Holes for Bolts, Dowels, Rods, and Lag 
Screws. Holes for round drift-holes and dowels shall be 
bored with a bit one-sixteenth (74) inch less in diameter 
than the bolt or dowel to be used. The diameter of holes 
for square drift-bolts or dowels shall be equal to the least 
dimension of the bolt or dowel. 

Holes for machine bolts shall be bored with a bit of the 

same diameter as the bolt. 
- Holes for rods shall be bored with a bit one-sixteenth 
(4 6) inch greater in diameter than the rod. 

Holes for lag screws shall be bored with a bit not larger 
than the body of the screw at the base of the thread. 

507.03.06 Bolts and Washers. A washer of the size 
and type specified shall be used under all bolt heads and 
nuts which would otherwise come in contact with wood. 

The nuts of all bolts shall be effectively locked after they 
have been finally tightened. 

Countersinking shall be done whenever smooth faces are 
required. Horizontal recesses formed for countersinking 
shall be painted with hot creosote oil, and after the bolts 
are screwed in place, shall be filled with hot pitch. 

507.03.07 Framing. All lumber and timber shall be 
accurately cut and framed to a close fit in such manner that 
the joints will have even bearing over the entire contact 
surfaces. Mortises shall be true to size for their full depth 
and tenons shall fit snugly. No shimming will be permitted 
in making joints, nor will open joints be accepted. 
Mud sills shall be firmly and evenly bedded to solid 

bearing and tamped in place. 
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Concrete pedestals for the support of framed bents shall | 
be carefully finished so that the sills or posts will take even | 
bearing on them. Dowels of not less than three-fourths (34) _ 
inch diameter and projecting at least six (6) inches above © 
the tops of the pedestals, shall be set in them when they are | 
cast, for anchoring the sills or posts. : 

Sills shall have true and even bearing on mud sills, piles, | 
or pedestals. They shall be drift-bolted to mud sills or piles — 
with bolts of not less than three-fourths (34) inch diameter 
and extending into the mud sills or piles at least six (6) 
inches. When possible, all earth shall be removed from 
contact with sills so that there will be free air circulation 
around them. 

Posts shall be fastened to pedestals with dowels of not | 
less than three-fourths (94) inch diameter, extending at 
least six (6) inches into the posts. 

Posts shall be fastened to sills by one of the following 
methods, as indicated on the plans: 

(a) By dowels of not less than three-fourths (34) inch 
diameter, extending at least six (6) inches into posts and 
sills. 

(b) By drift-bolts of not less than three-fourths (34) inch 

diameter driven diagonally through the base of the post and 
extending at least nine (9) inches into the sill. 

507.03.08 Caps. Timber caps shali be placed to 
secure an even and uniform bearing over the tops of the 
supporting posts or piles and to secure an even alignment 
of their ends. All caps shall be secured by drift-bolts, as 
indicated on the plans, extending at least nine (9) inches 
into the posts or piles. Drift-bolts shail be approximately in 
the center of the post or pile. 

507.03.09 Bracing. The ends of bracing shall be 
bolted through the pile, post or cap with a bolt of not 
less than five-eighths (%%) inch diameter. Intermediate 
intersections shall be bolted and spiked with wire or boat 
spikes, as indicated on the plans. In all cases spikes shall be 
used in addition to the bolts. 
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507.03.10 Stringers. Stringers shall be sized at bear- 
ings and shall be placed in position so that knots near edges 
will be in the top portions of the stringers. 

Outside stringers may have butt joints with the ends cut 
on a taper, but interior stringers shall be lapped to take 
bearing over the full width of the floor beam or cap at each 
end. The lapped ends of untreated stringers shall be sepa- 
rated at least one-half (12) inch for the circulation of air 
and shall be securely fastened by drift-bolts where speci- 
fied. When stringers are two panels in length the joints shall 
be staggered. 

Cross-bridging between stringers shall be neatly and 
accurately framed and securely toe-nailed with at least two 
nails at each end. All cross-bridging members shall have 
full bearing at each end against the sides of stringers. 
Unless otherwise specified in the contract, cross-bridging 
shall be placed at the center of each span. 

507.03.11 Plank Floors. Unless otherwise specified, 
flooring plank shall be surfaced one side and one edge. 
Single plank floors shall consist of a single thickness of 
plank supported by stringers or joints. The plank shall be 
laid heart side down with one-fourth (14) inch openings 
between them for locally seasoned material and with tight 
joints for unseasoned material. Each plank shall be securely 
spiked to each joist. The plank shall be carefully graded as 
to thickness and so laid that no two adjacent planks will 
vary in thickness more than one-sixteenth (14 ¢) inch. 

Two-ply timber plank floors shall consist of two layers 
of flooring supported on stringers or joists. The lower 
course shall be pressure-treated with a creosote oil. The top 
course may be laid either diagonal or parallel to the center- 
line of the roadway, as specified, and each floor piece shall 
be securely fastened to the lower course. Joints shall be 
staggered at least three (3) feet. If the top flooring is placed 
parallel to the centerline of the roadway, special care shall 
be taken to securely fasten the ends of the flooring. At each 
end of the bridge these members shall be beveled. 

507.03.12 Laminated Floors. Laminated floors shall 
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be composed of three (3) by six (6) inch or two (2) by six 
(6) inch timbers, as indicated on the plans, laid on edge at 
right angles to the centerline of the roadbed, unless other- 
wise shown on the plans. 

The flooring may be of random length and multiples of 
the stringer spacing with no single piece less than six (6) 
feet long. All splices shall be made on the centerline of a 
stringer and shall not occur oftener than once in six (6) 
inches on any one stringer. 

Laminations shall be laid with a finished edge down. 
Before laying, the tops of stringers shall be checked with a 
straightedge and adjacent stringers which vary more than 
one-eighth (%) inch from a true plane, except treated 
stringers, shall be surfaced to meet this requirement. 
Treated stringers which do not meet the requirements may 
be rejected but shall not be framed or adzed after treat- 
ment. Each piece of flooring shall be fastened to the pre- 
ceding strip at each end and at approximately eighteen (18) 
inch intervals with spikes or nails driven alternately near 
the top and bottom edges. Spikes or nails shall be of suf- 
ficient length to pass through two strips and at least half- 
way through the third strip. If timber supports are used, 
each piece shall be toe-nailed to every other support with 
20d or 30d nails. Care shall be taken to have each strip 
vertical and tight against the preceding one, and bearing 
evenly on all supports. 

507.03.13 Trusses. Trusses, when completed, shall 
show no irregularities of line. Chords shall be straight and 
true from end to end in horizontal projection, and in verti- 
cal projection, shall show a smooth curve through panel 
points conforming to the correct camber. All bearing sur- 
faces shall fit accurately. Uneven or rough cuts at the 
points of bearing shall be cause for rejection of the piece 
containing the defect. 

Unless otherwise directed by the Engineer, housings and 
railings shall be built after the removal of the falsework 
and the adjustment of the trusses to correct alignment and 
camber. 
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507.03.14 Painting. Outside stringers, wheel guards, 
rails, rail posts, and exposed surfaces of scupper blocks, 
filler blocks, and flooring of untreated timber, or timber 
treated with preservative salts, shall be painted as specified 
in Section 614, “Painting.” 

Ends of all pieces of untreated timber not otherwise 
painted shall be painted with one prime coat. 

Metal parts, except hardware, shall be painted as speci- 
fied in Section 614, “Painting,” and given the number of 
coats specified in subsection 714.03.01(b), “Miscellaneous 
Iron.” 

METHOD OF MEASUREMENT 

507.04.01 Measurement. The quantity of timber and 
lumber to be measured for payment will be the number of 
thousand feet board measure (Mfbm) conforming to all the 
requirements in the completed work. 

All measurements will be in accordance with subsection 
109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

507.05.01 Payment. The accepted quantity of mate- 
rials measured as provided in subsection 507.04.01, “Meas- 
urement,” will be paid for at the contract unit price bid per 
thousand feet board measure (Mfbm). 

The above prices shall be full compensation for furnish- 
ing all materials, including hardware, treating, erecting, 
and for all incidentals necessary for doing all the work 
involved, as shown on the plans or established by the Engi- 
neer, all in accordance with subsection 109.02, “Scope of 
Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

reser ALITI GR e. Shee neg ce nee a en Ee NN eS ae Ge Mfbm 
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SECTION 508 

PILING 

DESCRIPTION 

508.01.01 General. This work shall consist of fur- 
nishing and driving bearing piles of the kind, shape, and 
size called for in the contract documents. It includes tim- 
ber piles, precast or cast in place concrete piles, sheet 
piling, and steel piles as described herein and is also appli- 
cable to other types of bearing piles if called for in the 
contract documents. 

MATERIALS 

508.02.01 General. Materials shall conform to the 
requirements of the following sections and subsections: 

Brcel slell for Piles aie 2 See ae ek Subsection 712.03.08 

Steel Piles (“H’” piles, sheet piling).................. Subsection 712.03.07 
memforcement eiclct tre sarltorer, iter en itn deal iis Section 713 

BEPPST CTA CS carton. tuba: rite Ree ARE ere: apres eel Ba spend cst Section 717 

Materials for concrete shall conform to the require- 
ments of Section 501, “Portland Cement Concrete.” 

The Contractor shall furnish the Engineer with copies 
of mill test reports on the steel shells and steel piles. 

CONSTRUCTION 

508.03.01 Determination of Length. Bearing piles of 
any material shall be of such length as is required to 
develop the specified bearing value, to obtain the specified 
penetration, and to extend into the cap or footing block 
as indicated on the plans, after cutoff of any damaged por- 
tion. 

The Contractor shall be responsible for furnishing piling 
of sufficient length to obtain the penetration and bearing 
value required. For the purpose of determining the lengths 
of the piles required, the Contractor, at his expense, may 
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drive test piles, make borings or make such other investiga- 
tions as may be necessary. 

508.03.02 Test Piles. Test piles furnished and driven 
by the Contractor for his use in determining the lengths of 
piles to be furnished may be so located that they may be 
cut off and become a part of the completed structure pro- 
vided that such test piles conform to the requirements for 
piling as specified in these specifications. 

Test piles which are designated in the contract docu- 
ments shall conform to the requirements for piling as 
specified in these specifications and shall be so located that 
they may be cut off and become a part of the completed 
structure. 

Test piles that are to become a part of the completed 
structure shall be driven with the same type of equipment 
that is to be used for driving foundation piles. 

Test piles which are not to be incorporated in the com- 
pleted structure shall be removed to at least two (2) feet 
below the surface of the ground and the remaining hole 
shall be backfilled with earth or other suitable material. 

When piles are shown on the plans or specified in the 
special provisions to be load tested, such piles shall be load 
tested in accordance with the provisions in subsection 
508.03.07, “Load Testing.” 

508.03.03 Equipment. The driving equipment shall 
be in good operating condition. 

The size of hammer shall be selected to suit the condi- 
tions that will be encountered. It shall neither be so small 
that its energy will be largely dissipated in lost energy 
during driving nor so great that it will cause too rapid 
penetration and damage to the pile. If the size of the 
hammer used is found to be unsatisfactory, it shall be 
replaced with a larger or smaller hammer or other cor- 
rective measures shall be used as required to produce satis- 
factory results. 

All piles shall be driven with either single or double act- 
ing steam, air, or diesel hammers. 

Precast concrete piles shall be driven with a steam, air 
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or diesel hammer which shall develop an energy per blow 
at each full stroke of the piston of not less than one (1) 
foot-pound for each pound of weight driven. 

For cast-in-place concrete piles where a mandrel is used 
in driving the shell, the total weight of the mandrel and 
the shell shall be considered as the weight of the pile and 
the hammer shall meet the same requirements as for pre- 
cast concrete piles. 

Hammers for driving H-bearing steel piles and steel 
shells for cast-in-place concrete piles, which are driven 
without mandrel, shall be steam, air, or diesel hammers 
of sufficient capacity to drive the pile or shell to the 
required penetration and bearing value without appre- 
ciable distortion or distress to the pile or shell. 

Steam or air hammers shall be furnished with boiler or 
air capacity at least equal to that specified by the manu- 
facturers of the hammers to be used. The boiler or com- 
pressor shall be equipped with an accurate pressure gauge 
at all times. The valve mechanism and other parts of the 
steam or air hammer shall be maintained in first-class 
condition so that the length of stroke and number of blows 
per minute for which the hammer is designed will be 
obtained. Inefficient steam or air hammers shall be 
removed from the work. When necessary to obtain the 
required penetration, the Contractor shall supply and 
operate at his own expense, single or double water jets 
and pumps or furnish the necessary drilling apparatus and 
drill holes not greater than the diameter of the pile to the 
proper depth and drive the piles therein. If a pile is set in 
a drilled hole, it shall be driven sufficiently to fix the point 
firmly and secure full bearing. Except as described in sub- 
section 508.03.04, “Driving of Piles,” jets or drills may be 
used only when so specified or ordered in writing by the 
Engineer. 

Diesel-powered hammers may be used provided the 
required energy per blow, as specified for steam hammers 
is delivered for the type of piling to be driven. 

Driving leads shall be used and shall be constructed in 
such a manner as to afford freedom of movement of the 
hammer, and they shall be held in position by guys or 
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stiff braces to insure support to the piles during driving. — 
Except where piles are driven through water, the leads 
shall be of sufficient length so that the use of a follower 
will not be necessary. 

508.03.04 Driving of Piles. Unless otherwise per- 
mitted by the Engineer, piles shall not be driven until 
after the excavation is completed. Any material forced up 
between the piles shall be removed to correct elevation 
before masonry for the foundation is placed. 

Care shall be exercised to prevent damage to the piles 
due to overdriving. 

Piles shall be driven battered (sloped) if called for on 
the plans. 

Piles, other than sheet piles, shall not be driven until 
the approach fills are compacted and in place to an eleva- 
tion of one and one-half (112) feet above the bottom of 

the concrete abutment, as indicated on the plans. When 
piles are to be driven through embankment and the depth 
of the embankment at the pile location is in excess of five 
(5) feet, the pile (other than sheet pile) shall be driven in 
a hole drilled through the embankment. The hole shall 
have a diameter large enough to allow a minimum of two 
(2) inch clearance around the pile. After driving the pile, 
the space around the pile shall be filled to ground surface 
with dry sand or pea gravel. 

When an abutment area is to be surcharged, piles shall 
not be driven therein until the surcharge has been in place 
the required period of time. 

All piles raised during the process of driving adjacent 
piles shall be driven down again. 

Unless otherwise ordered, inclined leads shall be used in 
driving battered piles. 

An adequate cushion cap shall be used in driving pre- 
cast concrete piles. When driving timber piles a cushion 
cap shall be used and not less than two separate steel 
straps shall be placed within two (2) feet of the butt of 
each pile. Steel strapping shall conform to the requirements 
of A.W.P.I. specifications, except that the straps shall 
encircle the pile only once per strap. The top of the pile 
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and the cap shall be so shaped that the blow of the ham- 
_ mer will be uniformly distributed to the entire top surface 
_ of the pile. 

When load tests are required, piling shall not be driven 
until after test loading has been completed, except in case 
of service piles driven to serve as anchor piles for the test 
loading. 

If the top of a pile becomes broomed, split, or crushed 
during the driving, the driving shall be stopped until the 
pile has been repaired or replaced by a new one. 

The driving heads shall closely fit the top of the steel 
pile or shall extend down over the sides of the pile at least 
four (4) inches. 

Piles shall be driven to the position and line indicated 
on the plans. Piles out of position and line more than the 
diameter of the pile, shall be pulled and replaced unless 
otherwise approved by the Engineer. When the tops of 
foundation piles are incorporated in a concrete footing, 
the distance from the side of any pile to the nearest edge 
of the footing shall not be less than nine (9) inches. Any 
additional materials required because of out-of-line piles 
that are allowed to remain in place will be at the expense 
of the Contractor. 

508.03.05 Bearing Value and Penetration. Piles shall 
be driven to a bearing value of not less than the design 
loading shown on the plans, and in addition shall penetrate 
at least to the specified tip elevation shown on the plans 
at any location where a specified tip elevation is shown, 
unless otherwise permitted in writing by the Engineer; or 
shall penetrate at least ten (10) feet into the natural ground 
when a tip elevation is not specified, unless a lesser pene- 
tration is approved by the Engineer. 

Natural ground in any area or highway embankment 
shall be defined as the bottom of the highway embankment. 

When the pile design loading is omitted from the plans, 
timber, steel, and concrete piles shall be driven to bearing 

values equal to the Maximum Design Loads for Piles, 
specified in the Standard Specifications for Highway 
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Bridges of the AASHTO. The bearing values for driven 
piles shall be determined from the following formula: 

2E 

S+ 0.1 

P—Safe bearing value in pounds. 
E=The energy of the hammer blow in foot-pounds. 
For drop hammers and single acting steam hammers, E= 

WH, where W is the weight of the striking parts of the ham- 
mer in pounds, and H is the height of fall of the striking parts 
in feet. 

For double acting or differential steam hammers, E=—The 
manufacturer’s rated energy in foot-pounds. 

For diesel hammers, E will be determined by the Engineer. 
S—The average penetration in inches per blow for the last 

five to ten blows. 

i 

The above formula is applicable only when: 
(a) The hammer has a free fall. 
(b) The head of pile is not damaged. 
(c) The penetration is reasonably quick and uniform. 
(d) A follower is not used. 

Twice the height of bounce shall be deducted from H 
to determine its value in the formula. 

If the weight of the pile and the driving cap and all 
parts driven is greater than the weight of the striking parts 
of the hammer, the formula shall be multiplied by the 
factor 2W_ where P is the weight of the pile and cap. 

Ww-+P 
In case jets are permitted in connection with the driving, 

the bearing power shall be determined by the above for- 
mula from results after the jets have been withdrawn. 

508.03.06 Cut Off and Extensions. Timber piles 
which are to be capped shall be accurately cut off so that 
true bearing is obtained on every pile without use of shims. 
Other timber piles shall be cut off on the square at the 
elevation designated. Piles inaccurately cut off shall be 
replaced. Splicing of timber piles will not be permitted 
except upon the written permission of the Engineer. Con- 
crete piles shall be cut off at such elevation that they will 
extend into the cap or footing as indicated on the plans. 
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Concrete piles may be cast the full length of the reinforc- 
ing bars, providing that the concrete is cut off to expose 
the steel as shown on the plans after the piles have been 
driven. When it is necessary, after driving, to increase the 

length of precast concrete piles, concrete shall be removed 
to expose sufficient reinforcing steel to permit a lap of at 
least forty diameters. The added length shall be sufficient 
to reach the elevation of the bottom of the cap and shall 
be of the same section and the same reinforcement as the 
pile itself. 

When the cut off elevation for precast concrete pile is 
below the elevation of the bottom of the cap, the pile 
shall be built up from the butt of the pile to the elevation 
of the bottom of the cap by means of a reinforced concrete 
extension constructed as shown on the plans. 

The work of cutting off precast concrete piles shall be 
performed in such a manner as to avoid spalling or damag- 
ing the pile below the cutoff. In case of such damage the 
pile shall be replaced or repaired as required by the Engi- 
neer. 

All cut off lengths of piling shall remain the property of 
the Contractor and shall be disposed of outside the high- 
way right of way in accordance with the provisions of sub- 
section 107.14, “Disposal of Material Outside Highway 
Right of Way.” 

508.03.07 Load Testing. The number and location 
of the load tests shall be as noted on the plans or desig- 
nated by the Engineer. 

Unless otherwise specified, the Department will furnish 
the jacking equipment, suitable jacking beams and exten- 
someters. 

Piling to be load tested and any anchor piling required, 
which are not part of the permanent structure, shall be 

included as part of the “Load Test.” 
The method of load testing shall be as shown on the 

plans or as designated by the Engineer. 

METHOD OF LOADING 

Test loading shall consist of the application of incre- 
mental static loads to a pile and measuring the resultant 
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settlement. The loads shall be applied by a hydraulic jack 
acting against suitable anchorage, transmitting the load 
directly to the pile or other methods designated by the 
plans or approved by the Engineer. 

The load shall be applied in increments of five (5) or 
ten (10) tons as directed by the Engineer. Gross settlement 
readings, loads and other data shall be recorded by the 
Engineer immediately before and after the application of 
each load increment. 

Each load increment shall be held for an interval of two 
and one-half (2142) minutes. Each succeeding increment 
shall be as directed by the Engineer or as shown on the 
plans and shall be applied immediately after the two and 
one-half (212) minute interval readings have been made. 

When the load-settlement curve obtained from these test 
data shows that the pile has failed, i.e., the load can be 
held only by constant pumping and the pile is being driven 
into the ground, pumping shall cease. Gross settlement 
reading, loads and other data shall be recorded immediately 
after pumping has ceased and again after an interval of two 
and one-half (212) minutes for a total period of five (5) 
minutes. All load shall then be removed and the member 
allowed to recover. Gross settlement readings shall be 
made immediately after all loads have been removed and 
at each interval of two and one-half (212) minutes for a 
total period of five (5) minutes. 

All test loads shall be carried to failure or to the 
capacity of the equipment, unless otherwise noted on the 
plans. 

508.03.08 Timber Piles. The specie of timber used 
for timber piles shall be either Douglas Fir, Southern Yel- 
low Pine, Larch, or Cedar as shown in the contract docu- 

ments. 
When treated piles are required they shall be given a 

preservative treatment of creosote by pressure process to 
retain at least ten (10) pounds of creosote per cubic foot. 

Timber piles shall conform to the requirements of Sec- 
tion 717, “Timber Piles,” and shall be inspected as therein 
provided. 
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Commercially treated piles from stock may be used for 
test piles when required. Where commercially treated piles 
are permitted, stamping the piles by the inspector before 
treatment will not be required. 

Treated timber piles shall be carefully handled during 
and after unloading from cars. They shall not be dragged 
across the ground at any time and shall be handled only 
with rope slings or with wooden equipment. Sharp tools 
shall be permitted only when used for necessary field cut- 
ting and trimming. All places where the surface of creo- 
soted piling is broken by cutting, boring, or otherwise, 
shall be thoroughly coated with at least three applications 
of hot creosote oil. Each application shall be allowed to 
become reasonably dry before the succeeding one is 
applied. 

The piles in any one bent shall be carefully selected as 
to size, to avoid undue bending or distortion of the sway 
bracing. However, care shall be exercised in the distribu- 
tion of piles of varying sizes to secure uniform strength 
and rigidity in the bents of any given structure. 

Heads of piles, when the nature of the driving is such 
as to unduly injure them, shall be protected by caps of 
approved design. 
When timber caps are specified, a coat of hot creosote 

oil shall be first applied to the head of the pile and a pro- 
tective cap shall be built up by applying alternate layers 
of loosely woven fabric in a hot asphalt or tar using three 
layers of asphalt or tar and two layers of fabric. The fabric 
shall measure at least six (6) inches more in each direction 
than the diameter of the pile and shall be turned over the 
pile and the edges secured by binding with two turns of 
No. 10 galvanized wire. The fabric shall be wired in 
advance of the application of the final coat of asphalt or tar 
which shall extend down over the wiring. 

In lieu of the above method of treatment, the sawed sur- 

face may be covered with three applications of a hot mix- 
ture of sixty (60) percent creosote oil and forty (40) 
percent roofing pitch, or thoroughly brush coated with 
three applications of hot creosote oil and covered with hot 
roofing pitch. A covering of galvanized sheet iron shall be 
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placed over the pitch coating and bent down over the sides 
of the pile to shed water. 

The method to be used shall be at the option of the Con- 
tractor unless otherwise provided on the plans or in the 
special provisions. 

508.03.09 Precast Concrete Piles. Precast concrete 
piles shall be constructed of Class A or AA Portland 
cement concrete proportioned and mixed in accordance 
with the requirements of Section 501, “Portland Cement 
Concrete,” and placed in accordance with Section 502, 
“Concrete Structures,” of these specifications. Reinforcing 
steel shall conform to the requirements of Section 505, 
“Reinforcing Steel,” of these specifications. 

Concrete for precast concrete piles shall be poured in 
smooth watertight forms, so supported as to prevent appre- 
ciable deformation or settlement during pouring or curing. 
When removed from the form, the piles shall present true, 
smooth even surfaces free from honeycombs and voids and 
shall be such that a line stretched from butt to tip on any 
face will not be more than one (1) inch from the face of the 
pile at any point. 

Concrete piles shall be kept continuously wet for at least 
ten (10) days after pouring and shall be allowed to harden 
for at least thirty (30) days before being lifted or driven, 
except that this thirty (30) day requirement may be 
decreased if the specimen of concrete from which the piles 
were poured develops a strength of three thousand (3,000) 
pounds or more per square inch of compression. 

When raising or transporting precast concrete piles, the 
Contractor shall provide slings or other equipment to avoid 
any appreciable bending of the pile or cracking of the con- 
crete. Piles materially damaged in handling or driving shall 
be replaced. Concrete piles shall be so handled at all times 
as to avoid breaking or chipping of the edges. 

508.03.10 Cast-In-Place Concrete Piles. Concrete fill- 
ing for cast-in-place concrete piles shall be Class A or AA 
Portland cement concrete conforming to the requirements 
of Section 501, “Portland Cement Concrete,” of these spec- 
ifications. Reinforcement shall conform with the details 
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shown on the plans and the requirements of Section 505, 
“Reinforcing Steel.” Cast-in-place concrete piles shall con- 
sist of one of the following: Steel shells driven permanently 
to the required bearing value and filled with concrete; or, 

drilled holes filled with concrete. 
(a) Steel Shells. Steel shells shall be of sufficient strength 

and rigidity to permit their driving and to prevent distortion 
caused by soil pressures or the driving of adjacent piles 
until filled with concrete. The shells shall also be sufficiently 
watertight to exclude water during the placing of concrete. 

The shells may be cylindrical or tapered, step tapered, or 
a combination of either with cylindrical sections. The tip 
diameter shall not be less than eight (8) inches and the butt 
diameter shall not be less than shown on the plans. 

Shells to be driven without a mandrel shall be equipped 
with heavy steel driving ends and all joints in the shell shall 
be welded or adequately lock seamed. 

After being driven and prior to placing concrete and 
reinforcing steel therein, the steel shells or casings shall be 
examined for collapse or reduced diameter at any point. 
Any shell or casing that is improperly driven or broken or 
shows partial collapse to such an extent as to materially 
decrease its bearing value will not be accepted and shall be 
replaced by the Contractor at his own expense. Driven 
shells or casings shall be clean and free from water before 
concrete and reinforcing steel are placed. The Contractor 
shall have available at all times a suitable light for the 
inspection of the shells, throughout the entire length, before 
they are filled with concrete and reinforcing steel. 

Concrete shall be placed in steel shells so that it is dense 
and homogeneous. The upper portion of the shell shall be 
vibrated to a depth of not less than one-third (44) the 

length of the pile or ten (10) feet, whichever is the greater. 

(b) Drilled Holes. Except for a minimum amount of 
water necessary for penetration of the drill, all holes for 
concrete piles cast in drill holes shall be drilled dry to the 
tip elevation shown on the plans or to the elevation deter- 
mined by the Engineer. No standing water in the bottom 
of hole, after final drilling, will be permitted. All holes shall 
be examined for straightness and any hole which on visual 
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inspection from the top shows less than one-half (12) the 
diameter of the hole at the bottom of the hole shall be 
rejected. Suitable casings shall be furnished and placed 
when required to prevent caving of the hole before concrete 
is placed therein. 

All loose material existing at the bottom of the hole after 
drilling operations have been completed shall be removed 
or compacted to the satisfaction of the Engineer before 
placing concrete in the hole. 

Materials resulting from drilling holes shall be disposed 
of as provided in the last paragraph of subsection 206.- 
03.01, “General.” 

Surface water shall not be permitted to enter the hole 
and all water which may have infiltrated into the hole shall 
be removed before placing concrete therein. 

Casing, if used in drilling operations, shall be removed 
from the hole as concrete is placed therein. The bottom of 
the casing shall be maintained not more than five (5) feet 
nor less than one (1) foot below the top of the concrete 
during withdrawal and placing operations unless otherwise 
permitted by the Engineer. The casing shall be hammered 
or the concrete vibrated during withdrawal of the casing. 

Care shall be exercised to insure that the concrete in the 
hole is dense and homogeneous. Vibration of the concrete 
during placing will not be required. The concrete in the 
hole for the length of the reinforcing cage (bottom of 
spiral wire) shall be vibrated. 

The reinforcing cage shall be placed and secured sym- 
metrically about the axis of the pile and shall be securely 
blocked to clear the sides of the hole. 

For either (a) or (b) the bottom of each shell casing or 

hole shall be filled with mortar to a depth of not less than 
two (2) feet immediately before placing the concrete filling 
materials. The mortar shall consist of one part Portland 
cement, three parts fine aggregate mixed to a suitable 
consistency or Class A or AA concrete with three-fourths 
(%) inch or larger aggregate removed. 

The length of steel shell to be ordered shall be deter- 
mined by the Contractor. Should the Contractor elect to 
order piling in short lengths, all splices necessary to build 
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_ up these shorter lengths to the length required, other than 
those splices specified for payment in subsection 508.04.01 

_ of these specifications, shall be at the Contractor’s expense. 

508.03.11 Steel Piles. Steel piles shall be H-bearing 
of the section shown on the plans. 

The length of steel pile may be built up in sections either 
before or during the driving operations. The sections, 
unless otherwise shown on the plans, shall be identical 
in cross section. The connections shall be made by weld- 
ing the entire cross section in conformance with the 
requirements of subsection 506.03.20, “Welding.” Care 
shall be taken to properly align the sections connected 
so that axis of the pile will be straight. The number 
of welded connections in the length of a pile shall be 
preferably as few as practicable. If a welded splice is made 
during the driving operation, it shall be done when the top 
of the lower portion is at least three (3) feet above the 
ground to permit observation of the welded connection dur- 
ing several feet of driving. 

Piling built up from structural steel plates welded 
together may be substituted for the rolled steel piling shown 
on the plans provided that the depth, width, average mean 
thicknesses and moments of inertia of the built-up sections 
are at least equal to those of the rolled section and the 
flanges are welded to the web with continuous fillet welds 
on each side of the web, and the welding conforms to Sec- 
tion 506. 

METHOD OF MEASUREMENT 

508.04.01 Measurement. The quantity of “Furnish 
(Type) Piles” to be measured for payment will be the num- 
ber of linear feet of (type) pile complete and in place meas- 
ured from the tip of the pile to the plane of pile cutoff. 

The quantity of “Driving (Type) Piles” to be measured 
for payment will be the number of linear feet of (type) 
pile complete and in place measured from the tip of the 
pile to the plane of the pile cutoff. 

If the Contractor casts concrete piles full length of the 
reinforcement bars to facilitate driving, no measurement 
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will be made for that portion where concrete must be 
removed in order that bars may project as shown on the 
plans. 

Load tests will be measured per each and the number 
used in the work will be the number paid for. 

The quantity of splices to be measured for payment will 
be limited to the number required to splice the pile if it 
becomes necessary to drive beyond “Design Pile Tip Pene- 
tration.” Length of extensions will be determined by the 
Engineer. All splices necessary to drive to “Design Pile Tip 
Penetration” and for extensions made of shorter lengths 
than ordered by the Engineer will be at the Contractor’s 
expense. 

Metal pile shells driven with a removable core or man- 
drel shall be spliced according to the manufacturer’s speci- 
fications. No splices will be measured and paid for when 
thin shell piles are used that do not require complete cir- 
cumferential welding performed in the field. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

508.05.01 Payment. The accepted quantity of “Fur- 
nish (Type) Piles,’ measured as provided in subsection 
5308.04.01, “Measurement,” will be paid for at the contract 
unit price bid per linear foot, which price shall be full 
compensation for furnishing all materials including Port- 
land cement concrete, steel shells and reinforcing steel, 
placing filling materials, and disposing of all unused mate- 
rial. 

The accepted quantity of “Driving (Type) Piles” meas- 
ured as provided in subsection 508.04.01, “Measurement,” 
will be paid for at the contract unit price bid per linear 
foot, which price shall be full compensation for doing all 
the work involved in driving, drilling holes, cutting off 
piles, excavation and backfill, and for filling the space 
remaining around the pile with sand or pea gravel; all to 
the required bearing and penetration as shown on the plans 
or ordered by the Engineer. 
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Test piles that become a part of the completed structure 
will be paid for at the contract prices for the type of piling 

used. 

No payment will be made for piles driven out of place 
or for imperfect piles, or for piles which are damaged in 
handling or driving. 

When, in addition to the requirements of the plans and 
specifications, brackets or plates are required on steel piles, 
or special driving shoes are required on timber piles, the 
Contractor shall furnish and place such devices and the cost 
thereof will be paid for as extra work as provided in sub- 
section 104.03, “Extra Work.” 

The accepted quantity of load tests measured as pro- 
vided in subsection 508.04.01, ‘““Measurement,” will be 
paid for at the contract unit price bid per each for load 
tests, which price shall be full compensation for all mate- 
rial, equipment, tools, and labor incidental to make the 
tests and to construct the loading platform, procuring and 
placing the loading material, and removing and disposing 
of platform material in a satisfactory manner. 

The accepted quantity of splices measured as provided 
in subsection 508.04.01, “Measurement,” will be paid for 
at the contract unit price bid per each for the splice, which 
price shall be full compensation for all material, equip- 
ment, tools, and labor incidental to make the splice. 

Where piling built up from structural steel plates is sub- 
stituted for the piling specified on the plans, the Contractor 
shall be entitled to no extra compensation for any excess 
thickness of steel furnished or for any extra work, mate- 
rials, equipment, handling, or treatment required to con- 
struct such piling. 

The accepted quantity of “Furnish Cast in Drilled Hole 
Concrete Piles,” measured as provided in subsection 508.- 
04.01, “Measurement,” will be paid for at the contract unit 

price bid per linear foot, which price shall be full compen- 
sation for drilling holes for piling and disposing of material 
resulting therefrom, and for furnishing and placing all 
materials including Portland cement concrete and reinforc- 
ing steel and for doing all the work necessary to install the 
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piling complete and in place as shown on the plans and as 
directed by the Engineer. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Furnish i(typey iPileses cee eae Oe eee g Linear Foot 
Drive; (type) <Pilésa. sine. Bt ee ste oe ees Linear Foot 
Road est. 5 sae ete, ono eed eee Dy Boerne Each 
SPLiCCS i. ae i a Bar hae Each 
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SECTION 601 

PIPE CULVERTS—GENERAL 

DESCRIPTION 

601.01.01 General. These specifications include gen- 
eral requirements that are applicable to all type culvert 
pipes except structural plate pipe, irrespective of the mate- 
rial or culvert use. 

This work shall consist of furnishing and installing pipe 
culverts, siphons, end sections, end walls, etc., as may be 
required to complete the work shown on the plans or estab- 
lished by the Engineer. 

MATERIALS 

601.02.01 General. The materials used shall be those 
prescribed or used for the several items which constitute 
the finished work and shall conform to the requirements in 
the following subsections: 

Corrugated Metal Pipe and Pipe Arches.......... Subsection 709.03.01 
Bituminous Coated Corrugated Metal Pipe 

andipipe Archésie 2. Genre Ain. Gey SOORR Subsection 709.03.02 
Corrugated Aluminum Pipe..2....2.0.2.........21202 Subsection 709.03.03 
memmrorced:Concrete! Pipe 22 ger. ceeanelt Subsection 708.03.01 
Nonreinforced. Concrete Pipe...::.:+......-2:-.---2-- Subsection 708.03.02 
ETT Hag te Tee ae ee ER oe ea dem Ripe ae. rar) Subsection 708.03.04 
Sxrocr and NiOltal Sali... Subsection 706.03.04 
Rubber !(Gasketsun sole BG PEE Subsection 707.03.02 

When the location of manufacturing plants allows, the 

plants will be inspected periodically for compliance with 
specified manufacturing methods, and material samples 
will be obtained for laboratory testing for compliance with 
materials quality requirements. This can be the basis for 
acceptance of manufacturing lots as to quality. 

All materials will be subject to inspection for acceptance 
as to condition at the latest practicable time the Engineer 
has the opportunity to check for compliance prior to or 
during incorporation of materials in the work. 
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The lengths shown on the plans are approximate. The 
Contractor shall not order and deliver the culvert pipe until 
a list of sizes and lengths is furnished him by the Engineer. 

For structural plate pipe and arches, attention is directed 
to Section 606, “Structural Plate Pipe, Pipe Arch, and 
Arch Culverts.” 

CONSTRUCTION 

601.03.01 Earthwork. Excavation and backfill shall 
conform to the requirements of Sections 206, “Structure 
Excavation,” and 207, “Backfill.” 

The pipe shall be bedded as shown in the standard 
sheets appended to the plans. When no bedding class is 
specified, the requirements for Class C bedding shall apply. 
The lines and grades will be established by the Engineer. 

Where pipes are to be installed in new embankments on 
a steep slope or in a difficult location, the height of new 
embankments may be varied as directed by the Engineer 
before installing pipes. 

When headwalls are not required and granular mate- 
rials are used for backfilling, the fill at the ends of the 
structure shall be sealed against the infiltration of water 
by bedding the ends of the structure in well tamped clay 
as shown on the plans. 

601.03.02 Headwalis. Where shown on the plans, 
inlet and outlet headwalls shall be constructed or installed 
in connection with culvert pipes. Where such headwalls 
are constructed or installed, the ends of pipes shall be 
placed flush or cut off flush with the headwall face, unless 
otherwise permitted by the Engineer. Headwalls are to be 
constructed to conform to the applicable requirements of 
Sections 501, “Portland Cement Concrete,” and 502, 

“Concrete Structures.” 

601.03.03 End Sections. The bed for the end section 
shall be excavated to the required width and grade. For 
metal end sections with toe plates, a trench shall be exca- 
vated for the toe plate in a manner to permit the toe 
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plate being against the inner face of the trench when the 
end section is in its final position. After end sections have 
been properly secured to the pipe, this trench shall be 
backfilled and firmly compacted. 

Precast concrete end section shall be placed with its 
tongue (or groove) fully entered in the grove (or tongue) 
of the pipe. 

601.03.04 Jacked Pipes. Culvert pipe to be jacked 
in place between the limits shown on the plans shall con- 
form to the requirements of the respective section of pipe 
culverts. 

The strength of pipe or gage of pipe will be determined 
for vertical load only. Any additional reinforcement or 
strength required to withstand jacking pressure shall be 
determined and furnished by the Contractor at his expense. 

Variation from theoretical alignment and grade at the 
time of completion of placing shall not exceed 0.2 foot for 
each twenty (20) feet of pipe placed. 

The diameter of the excavated hole shall not be more 
than 0.1 foot greater than the outside diameter of the pipe. 
Sluicing and jetting with water will not be permitted. When 
the material tends to cave in from outside these limits a 
shield shall be used ahead of the first section of pipe or 
the face of excavation shall not extend beyond the end of 
the pipe greater than one and one-half (112) feet unless 
permitted by the Engineer. 

Areas resulting from caving or excavating outside the 
above limits shall be backfilled with sand or grout by a 
method which will fill the voids. 

601.03.05 Laying Culvert Pipe. Laying of culvert 
pipe shall conform to the requirements of the respective 
sections of culvert pipe. 

601.03.06 Extending Existing Culverts. Where shown 
on the plans or directed by the Engineer, existing culverts 
shall be extended in accordance with the provisions for 
installing new culverts and the following additional pro- 
visions. 
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Existing headwalls shall be demolished and removed 
and disposed of or moved to the extended location as indi- 
cated on the plans or ordered by the Engineer. Attention 
is directed to Section 202, “Removal of Structures and 
Obstructions.” 

A headwall that is not to be reset shall be demolished 
without injury to the existing culvert and removed and 
disposed of in accordance with the provisions of Section 
202, ““Removal of Structures and Obstructions.” If shown 

on the plans or ordered by the Engineer, a new concrete 
headwall shall be constructed in accordance with the pro- 
visions of Section 501, “Portland Cement Concrete,” of 
these specifications, or a flared end section shall be 
attached thereto. 

METHOD OF MEASUREMENT 

601.04.01 Measurement. The materials to be paid 
for under these specifications will be listed in the contract 
items by size, class, type gage, or whatever information is 
necessary for identification. 

The quantity of culvert pipe to be measured for payment 
will be the actual number of linear feet of pipe including 
the stub on end sections, complete and in place. When 
pipes are cut to fit a structure or slope, the quantity to 
be paid for will be the length of pipe necessary to be placed 
before cutting, measured in even two (2) foot increments. 

Attention is especially directed to plan sheets titled 
“Standard Details—Structure Excavation and Backfill— 
Method of Measurement,” which shall pertain. 

Culvert pipe bends, wyes, tees, and other branches will 
be measured and paid for by the linear foot for the sizes 
of pipes involved. Wyes, tees, eccentric reducers, and other 
branches will be measured along centerlines to the point 
of intersection. 

Structure excavation and structure backfill, Portland 
cement concrete and reinforcement required for headwalls, 
endwalls, structures, and other items of work required 
by the plans and special provisions to complete the work, 
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will be measured and paid for as separate items as pro- 
vided for under their respective sections of these specifica- 
tions, or the contract documents. Structure excavation and 
backfill will not be measured for payment on preformed 
end sections. 

No separate measurement or payment will be made for 
constructing jacking pits and backfilling all pits after the 
pipe is jacked, nor for excavation and backfill between the 
limits shown on the plans for jacking the pipe. Full com- 
pensation therefor will be considered as included in the 
price paid for jacked pipe. 

Culvert pipe to be placed outside the limits for jacked 
pipe shall conform to the requirements of the respective 
section of pipe culverts. The limits for payment of struc- 
ture excavation and backfill will be the original ground 
line before jacking pits are excavated. 

All measurements will be made in accordance with sub- 
section 109.01, ““Measurement of Quantities.” 

BASIS OF PAYMENT 

601.05.01 Payment. The accepted quantities of cul- 
vert pipe measured as specified in subsection 601.04.01, 
“Measurement,” will be listed under the respective sections 
of pipe culverts. 

When any of the various sizes, types, and gages of pipe 
are installed by the jacking method, the contract price paid 
per linear foot for jacked pipe shall include full compensa- 
tion for furnishing the pipe, excavating, jacking, furnishing 
and placing backfill material, and all incidentals and for 
doing all the work involved in jacking the pipe, as speci- 
fied. 

Full compensation for furnishing pipe with end finish, 
including distortion if required, wiil be considered as 
included in the price paid per linear foot for the pipe 
involved and no additional compensation will be allowed 
therefor. Full compensation for Class “B” and Class “C” 
bedding will be considered included in the price paid per 
cubic yard for backfill or granular backfill as the case may 
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be and such payment shall include compensation for all 
the materials, labor, tools, and incidentals necessary to 
complete the work. 

Class “A” bedding will be paid for at the contract unit 
bid price per cubic yard for Class “C” or “CA” concrete. 
When Class “C” or “CA” concrete is not an item on the 
bid schedule, Class “A” bedding will be paid for at the 
contract unit bid price per cubic yard for Class “A” or 
Class “AA” concrete. Payment as stated above shall be 
full compensation for all the materials, labor, tools, and 
incidentals necessary to complete the work. 

Provisions for handling of whatever water may be 
encountered at the site shall be an obligation of the Con- 
tractor and payment therefor shall be considered as sub- 
sidiary to the items involved and no further compensation 
will be allowed therefor. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 
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SECTION 602 

NONREINFORCED CONCRETE AND CLAY PIPE 

DESCRIPTION 

602.01.01 General. This work shall consist of fur- 
nishing and installing nonreinforced concrete pipe or clay 
culvert pipe of the kind, sizes, and dimensions shown on 
the plans or established by the Engineer and in accord- 
ance with the requirements of these specifications. 

MATERIALS 

602.02.01 General. Materials and their use shall 

conform to the applicable requirements of subsection 
603.02.01 of Section 603, “Reinforced Concrete Pipe,” 
and subsection 601.02.01 of Section 601, “Pipe Culverts— 

General.” 

CONSTRUCTION 

602.03.01 General. The construction requirements 
shall be as prescribed in subsections 603.03.01 through 
603.03.06 of Section 603, “Reinforced Concrete Pipe,” 
with the following modifications: 

(a) External bands of mortar shall be placed around the 
pipe joints as herein specified. Several sections of pipe 
shall be joined before commencing banding operations, 
but the placing of external bands shall never be more than 
five (5) lengths of pipe behind joining operations. 

Immediately in advance of placing external band mor- 
tar, the external surface of the pipe sections at the joint 
shall be thoroughly cleaned and wetted to insure proper 
bonding of the band mortar with the pipe. Care shall be 
exercised to make a union between the band and the 
mortar which was placed under the joint before the pipe 
sections were abutted. The band shall not be less than 
three-eighths (36) inch thick at the pipe joint and shall be 
approximately four (4) inches wide, overlapping the abut- 
ting ends of the pipe sections approximately two (2) 
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602 NONREINFORCED CONCRETE AND CLAY PIPE 

inches. The edges of the band shall adhere to the pipe 
surface to prevent peeling and shall be finished in a work- 
manlike manner. 

(b) When irrigation or sewer pipe is placed beyond the 
limits of roadway excavation or embankment, the initial 
covering of backfill material shall be fine earth or sand 
approved by the Engineer. Placing the remainder of the 
trench backfill in layers and compacting to a relative com- 
paction of ninety (90) percent will not be required. 

(c) Openings shall be cut into irrigation or sewer pipe 
and connections made thereto as shown on the plans or 
directed by the Engineer. 

Openings shall be cut to proper sizes. Connections shall 
be cut to fit closely and shall be strongly cemented to the 
pipe with banding mortar. In all cases, the area of pipe 
where the connection is made shall be clean and wet when 
the mortar is applied. 

METHOD OF MEASUREMENT 

602.04.01 Measurement. Method of measurement 
shall conform to the requirements of subsection 601.04.01, 
“Measurement,” with the exception that backfill will not 

be measured for payment when placed beyond the limits 
of roadway excavation or embankment. 

BASIS OF PAYMENT 

602.05.01 Payment. Payment shall conform to the 
requirements of subsection 601.05.01, “Payment,” and in 
addition thereto, the following requirements shall apply. 

The accepted quantities of nonreinforced concrete or 
clay pipe will be paid for at the conrtact bid price per linear 
foot for the types and sizes specified. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(size) Nonreinforced Concrete Pipe (type)........................ Linear Foot 
(sizé) Clay Pipe; (type) es. ..nfs tier cetlcest SR) wee pt den Linear Foot 
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SECTION 603 

REINFORCED CONCRETE PIPE 

DESCRIPTION 

603.01.01 General. This work shall consist of fur- 
nishing and installing circular or oval shaped reinforced 
concrete pipe, siphons, and conduits of the size, kinds, 
and dimensions and at locations shown on the plans or 
established by the Engineer and in accordance with the 
requirements of these specifications. 

MATERIALS 

603.02.01 General. Materials and their use shall 
conform to the applicable requirements of subsection 
601.02.01 of Section 601, “Pipe Culverts—General,” and 
in addition thereto, the following requirements shall apply. 

Circular reinforced concrete pipe shall conform to the 
specifications of AASHTO Designation: M170 for the 
specified diameters and strength classes. 

Oval reinforced concrete pipe shall conform to the 
specifications of AASHTO Designation: M207 for the 
specified span and rise for either horizontal or vertical 
elliptical pipe classes. 

Oval shaped pipe, within the meaning of these specifica- 
tions, shall be pipe having major and minor internal axial 
dimensions as designated in the contract item. The length 
of the minor axis shall be between sixty (60) percent and 
sixty-five (65) percent of the length of the major axis. The 
first dimension designated will represent the axis that is to 
be placed horizontally and the second dimension will repre- 
sent the vertical axis. The dimension, in feet, of the hori- 
zontal axis shall be the basis for calculating the strength of 
the pipe. The inside perimeter of oval pipes shall form 
either an ellipse, or an approximation thereof, as described 
by smooth, compounded circular arcs. 

Flared end sections (precast) shall conform to the details 
and dimensions shown on the plans and except for shape, 
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603 REINFORCED CONCRETE PIPE 

shall conform to the requirements of this section for 
reinforced concrete pipe. 

Concrete pipe shall be carefully handled in unloading, 
transporting, and laying. 

No pipe shall be laid which is cracked, checked, spalled, 
or damaged, and all such sections of pipe shall be per- 
manently removed from the work. Pipes which show 
defects due to handling shall be rejected at the site of the 
installation regardless of prior acceptance. 

Rubber gaskets shall conform to the requirements of 
subsection 707.03.02, “Rubber Gaskets.” 

Joint mortar shall be composed of one part Portland 
cement and two parts sand by volume. 

Sand shall conform to the requirements of subsection 
706.03.04, “Grout and Mortar Sand,” of these specifica- 

tions. 
The materials shall be mixed to a consistency suitable 

for the purpose intended. All mortar shall be used within 
thirty (30) minutes after the mixing water has been added. 

Admixtures of hydrated lime, fire clay, diatomaceous 

earth, or other approved inert material may be used in the 
mortar to facilitate workability if the Contractor elects. 
The amount of admixture to be added shall be the quantity 
permitted by the Engineer. 

CONSTRUCTION 

603.03.01 General. Construction methods shall con- 
form to the requirements of subsections 601.03.01 through 
601.03.06 of Section 601, “Pipe Culverts—General,” and 
in addition thereto, shall meet the following requirements. 

603.03.02 Earthwork. Where pipes are to be installed 
in new embankment (projection), the embankment shall 
first be constructed to the required elevation as set forth 
in the following methods “A” or “B.” Method “A” shall - 
be followed unless otherwise specified in the contract docu- 
ments, and with the further exception that when the pipe 
is to be installed on a steep slope or at a difficult location, 
the height of embankment to be constructed in advance of 
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REINFORCED CONCRETE PIPE 603 

installing the pipe may be varied when permitted by the 
Engineer. 

Method A 

In the case of pipes twenty-four (24) inches or less in 
diameter the roadway embankment shall be constructed 
to an elevation of six (6) inches above the grade proposed 
for the top of the pipe, after which the trench shall be 
excavated and the pipe installed. 

In the case of pipes more than twenty-four (24) inches 
in diameter the roadway embankment shall be constructed 
to an elevation of thirty (30) inches above the grade pro- 
posed for the bottom of the pipe, after which the trench 
shall be excavated and the pipe installed. 

Method B 

The new embankment shall be constructed and com- 
pacted to an elevation above the top of the pipe equal to 
the external diameter of the pipe plus one (1) foot and to 
a width each side of the pipe of not less than five (5) 
times the diameter of the pipe. The trench shall then be 
excavated to the bottom of the pipe and to a width of 
the inside diameter plus three (3) feet. 

After the pipe has been installed, backfill shall be placed 
in the trench to an elevation of one (1) foot above the top 

of the pipe. Backfill to be placed in accordance with the 
requirements of Section 207, “Backfill.” The lower one- 
third of the remaining trench shall then be filled with loose 
straw, hay, brush, sawdust, or other highly compressible 
material and the remainder of the trench shall then be 
filled in a normal manner. The embankment may then be 
constructed in the normal manner. 

When pipe having bells or hubs is used, cross trenches 
shall be excavated for them to prevent nonuniform loading 
of the joints. The cross trenches shall not be more than 
two (2) inches wider than the width of the bell or hub. 

603.03.03 Laying Culvert Pipe. The Contractor shall 
determine his source of supply of sand for use in mortar a 
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603 REINFORCED CONCRETE PIPE 

sufficient time in advance of pipe laying operations to per- 
mit sampling and testing before use, and no mortar shall 
be used until the sand has been approved by the Engineer. 

The consistency of joining mortar shall be such as to 
adhere to the ends of the pipe while being laid and may 
be easily squeezed out of the joint when the pipe sections 
are pressed together. 

In advance of joining sections of pipe, the ends of each 
section shall be washed clean with a wet brush and imme- 
diately prior to placing mortar and joining the sections, 
the ends shall be thoroughly wetted. 

Pipe sections shall be checked for alignment and grade 
at the time of joining the sections. If an adjustment in 
alignment or grade is necessary after making the joint, 
additional mortar shall be firmly pressed into the joint, and 
in the case of pipes less than twenty-four (24) inches in 
diameter, the internal and external surfaces of the joints 
shall be brushed. 

The interior of the pipe shall be kept free of dirt, excess 
mortar, and other foreign material as the pipe laying 
progresses, and left clean at the completion of the work. 
Any pipe which is not in true alignment or which shows 
any undue settlement after laying, or is damaged, shall be 
taken up and relaid at the Contractor’s expense. 

The first section of pipe to be laid shall be firmly placed 
to the designated line and grade at the outlet end with 
the groove end or bell end pointing in the direction to be 
followed by the pipe laying. 

Abutting ends of the sections of pipe to be jointed shall 
then be cleaned and wetted, after which joining mortar 
shall be firmly placed into the lower half of the groove 
end of the previously laid section. Joining mortar shall be 
firmly placed on the top half of the tongue end of the 
section to be jointed which shall then be inserted truly and 
snugly into the groove end of the section previously laid 
so as to completely fill the joint. 

The interior joint shall then be either brushed or pointed 
and all surplus mortar removed from the pipe. The external 
space between the ends of the jointed pipe shall be firmly 
filled from the outside with laying mortar. 
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When pipe with self-centering joints and without an 
inside pointing recess is furnished, the inside shoulder of 
the groove end of each section shall first be lightly plas- 
tered or buttered with joining mortar after which the pipe 
ends shall be firmly fitted together in such a way that the 
tongue end of each section fits snugly into the groove 
end of the preceding section in order to center the joint 
and form a true flow line. The inside joints shall be 
trowled or brushed smooth and excess mortar removed 

from the pipe. The outside joint recesses shall then be 
filled with mortar, after which backfilling shall be per- 
formed as specified. 

When pipe is furnished with self-centering joints with 
both inside and outside pointing recesses, the pipe shall 
be firmly fitted together in such a way that the tongue end 
of each section fits snugly into the groove end of each pre- 
ceding section in order to center the joint and to form a 
true flow line, after which the inside joint recess shall be 
firmly filled with pointing mortar and then troweled or 
brushed smooth and excess mortar removed from the pipe, 
after which backfilling shall be performed as specified. 

Backfill of the pipe trench may be completed while the 
joint mortar is still plastic. Should the joint mortar become 
Set before the backfill is placed, backfilling of the trench 
shall not be commenced within sixteen (16) hours of 
jointing the pipe sections. When the pipe is not backfilled 
while the mortar is plastic, the mortar shall be cured in 
accordance with subsection 501.03.09, “Curing.” 

Free water shali not be allowed to come in contact with 
the pipe line until the mortar in the joints has set at least 
twenty-four (24) hours. 

Concrete pipe with elliptical reinforcing shall be suitably 
marked to clearly indicate the top and bottom of the pipe. 

Prior to placing backfill material, all handling holes in 
concrete culverts shall be completely filled with grout. 

603.03.04 Rubber Gasketed Joints. Reinforced con- 
crete culvert pipe, connected by flexible, watertight, rubber 
or neoprene gasketed joints, may be used in lieu of other 
types of joints. 
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All rubber gaskets shall be stored in as cool a place as 
practicable, preferably at seventy (70) degrees Fahrenheit 
or less, and in no case shall the rubber gaskets be exposed 
to the direct rays of the sun for more than seventy-two (72) 
hours. 

Rubber gaskets of the type requiring lubrication shall 
be lubricated with the lubricant recommended and supplied 
by the manufacturer of the pipe. 

After the pipe has been laid, the outer and inner annu- 
lar space between pipe sections shall be completely filled 
with cement mortar, except that no mortar shall be required 
if the space is three-sixteenths (*4) inch or less in width. 

Where reinforced concrete collars or bells with rubber 
gaskets are used at the pipe joints, mortar will not be | 
required in the outer annular space. Where pipes are used 
with exposed metal surfaces at the joint, both the inner 
and outer annular joint spaces between pipe sections must | 
be completely filled with cement mortar, except that pipes 
less than twenty-four (24) inches in diameter may be 
jointed inside by brushing smooth and removing all sur- 
plus. mortar. The rubber gasket shall be the sole element 
depended upon to make the joint watertight for the pur- 
poses intended. 

603.03.05 Siphons and Pressure Pipe. Reinforced 
concrete pipe used for siphons or pressure pipe shall be 
laid in accordance with the above provisions, be connected 
by flexible, watertight rubber gasketed joint, and prior to 
backfilling, be subject to the following hydrostatic test: 

The pipe line shall be filled with water at a hydrostatic 
head of ten (10) feet above the highest point of the pipe- | 
line. The pressure head shall be maintained for a period 
of not less than twenty-four (24) hours and any visible - 
leak or other defects which develop under test shall be 
corrected by the Contractor at his expense. Sweating that 
does not develop into a flow or drip will not be considered — 
as leakage. The test shall be repeated until all leaks or 
other defects are eliminated. 

498 



REINFORCED CONCRETE PIPE 603 

METHOD OF MEASUREMENT 

603.04.01 Measurement. Method of measurement 
shall conform to the requirements of subsection 601.04.01, 
“Measurement,” and in addition thereto, the following 

requirements shall apply. 
The quantity of precast end sections, culvert pipe or 

oval pipe measured for payment will be the number of 
units of each size of each class complete and in place. 

All measurements will be made in accordance with 
subsection 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

603.05.01 Payment. Payment shall conform to the 
requirements of subsection 601.05.01, “Payment,” and in 
addition thereto, the following requirements shall apply. 

The accepted quantities of reinforced concrete pipe 
measured as specified in subsection 603.04.01, “Measure- 
ment,” will be paid for at the contract unit price bid per 
linear foot for reinforced concrete pipe of the class and 
size specified, which payment shall include mortar and 
joints. End sections will be paid for at the contract unit 
price bid per each for the kind and sizes specified complete 
and in place, which payment shall include structure exca- 
vation and backfill for precast end sections. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(size) Reinforced Concrete Pipe (class)................2.-..2... Linear Foot 
(size) Oval Reinforced Conc. Pipe (class)...................... Linear Foot 
(size) Reinforced Conc. Siphon Pipe (class).................. Linear Foot 

(size) Reinforced Conc. Pipe (class) Jacked.................. Linear Foot 
BP TCCASE ENG, SOCOM. Soca cece ine <b mnie Yaad <p tace- Each 
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SECTION 604 

CORRUGATED METAL PIPE AND METAL 
ARCH PIPE 

DESCRIPTION 

604.01.01 General. This work shall consist of fur- 
nishing and installing corrugated metal pipe, corrugated 
metal arch pipes and nestable corrugated metal pipe and 
the relaying of old corrugated metal pipe and pipe arches 
at locations shown on the plans, or established by the 
Engineer, and in accordance with the requirements of 
these specifications. 

MATERIALS 

604.02.01 General. Materials and their use shall 
conform to the applicable requirements of subsection 601.- 
02.01 of Section 601, “Pipe Culverts—General,” and in 
addition thereto, the following requirements shall apply. 

Annular corrugated steel pipe shall be fabricated from 
sheets having either 274” x 4%” or 3” x 1” corrugations. 

Aluminum corrugated metal pipe and end sections con- 
forming to the requirements of Section 605 may be fur- 
nished in lieu of steel corrugated metal pipe and end 
sections at the locations shown on the plans. Aluminum 
corrugated metal pipe shall be fabricated at the gage of 
material required for the height of fill as set forth on the 
plans. Aluminum end sections shall be fabricated of the 
gage of material as set forth in the plans for metal end 
sections. Aluminum pipe and end sections shall be bitumi- 
nous coated as set forth in subsection 709.03.02. At each 
location where corrugated metal pipe is installed, the pipe 
and all accessories shall be fabricated of the same material. 

Flared end sections (metal headwalls) shall conform to 
the details and dimensions shown on the plans and, except 
for shape, shall conform to the requirements of this sec- 
tion for corrugated metal pipe culverts. 
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604 CORRUGATED METAL PIPE | 

Culverts shall be shipped and handled in such a manner | 
as to prevent bruising, scaling, or breaking of the spelter 
coating. Damaged spelter coating in lieu of the require-_ 
ments of AASHTO Designation M36, may be repaired 
by thoroughly wire brushing the damaged area and remov- 
ing all loose and cracked spelter coating after which the 
cleaned area shall be painted with two coats of zinc 
oxide-zinc dust paint conforming to the requirements of | 
Federal Specification MIL—P—15145. The paint shall be | 
properly compounded in a suitable vehicle in the ratio of 
one (1) part zinc oxide to four (4) parts zinc dust by | 
weight. 

CONSTRUCTION 

604.03.01 General. Construction methods shall con- 

form to the requirements of subsection 601.03.01 through | 
601.03.06 of Section 601, “Pipe Culverts—General,” and 
in addition thereto shall meet the following requirements. 

604.03.02 Laying Culvert Pipe. All pipes shall be 
laid upgrade, unless otherwise permitted by the Engineer. 

Corrugated metal pipe shall be so laid that flow is 
over the lap of the sheets. Field joints shall be made by | 
butting the ends of pipe together and the sections joined 
with a band bolted firmly in place. Pipes of a diameter | 
of forty-eight (48) inches or more shall be elongated verti- 
cally five (5) percent before placement of fill. Elongation | 
of the vertical diameter may be accomplished by jacking | 
in the field or by prefabrication. The method of jacking | 
shall be subject to the approval of the Engineer. A toler- — 
ance of twenty-five (25) percent above or below the speci- 
fied amount will be allowed. Where preformed minis 
pipe is used and strutting is specified, further distortion 
is not required but the struts shall be wedged tightly in 
place. 

Strutting shall be carried uniformly from end to end of 
pipes where headwalls are not used. When headwalls are 
used, the amount of jacking and the length of struts may 
be reduced gradually under the side slopes of the embank- 
ment so that the ends of the pipe at the headwalls are 
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CORRUGATED METAL PIPE 604 

circular. The struts shall be left in place until the embank- 
ment is complete and compacted, unless otherwise directed 
by the Engineer. 

All pipes shall be laid true to the designated line, grade, 
and camber. They shall be fitted and matched so that 
when laid in the work they will form a smooth and uni- 
form invert. 

All possible care shall be used in fitting sections of 
pipes together so that the joint openings will not be 
unnecessarily large. 

604.03.03 Siphons. Corrugated metal pipe for use 
as siphons shall be close riveted and soldered and so 
fabricated as to require a minimum number of field con- 
nections. All rivets on circumferential seams shall be 
spaced at approximately two and one-half (2%) inch 
centers with a maximum spacing of three (3) inches. The 
circumferential and longitudinal seams on the outside of 
the pipe where the edges of the sheets lap, shall be soldered 
in a workmanlike manner, solder being sweated into the 
joints by means of a torch properly regulated for the pur- 
pose. Soldering irons shall not be used on factory seams. 

Except as provided hereinbefore, siphons shall conform 
to the requirements for corrugated metal pipe culverts of 
this section. 

Field joints for close riveted and soldered corrugated 
metal pipe shall be approved watertight couplings con- 
sisting of a corrugated collar drawn tight by means of 
threaded rods and silo-type lugs. To permit the band to 
fit snugly into the corrugated ends of the pipe, rivets in 
the longitudinal seam shall be omitted and the seams 
adequately soldered. 

Before placing the band, the ends of the pipe and the 
bands shall be cleaned and an amount of plastic bitumi- 
nous impregnated fibre sufficient to make a rope-like sec- 
tion approximately three-fourths (34) inch in diameter 
shall be carefully and evenly compressed into the last two 
valleys of the corrugation at the ends of the pipe. After 
placing the connecting band the entire circumference and 
assembly shall be hammered with a rubber or wooden 
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604 CORRUGATED METAL PIPE 

mallet during the tightening of the bolts and lugs. Other 
approved types of water tight pipe and joints may be used. 

The Contractor at his expense prior to backfilling, shall 
completely fill the siphon with water and repair any leaks 
developing therein. 

604.03.04 Relay Culvert Pipes. Corrugated metal 
culvert pipe, previously removed under the provisions of 
subsection 202.03.05, “Salvage,” and designated for relay- 
ing, shall be cleaned and relayed at points called for on 
the plans or ordered by the Engineer. 

The pipe shall be thoroughly cleaned to remove all 
foreign matter. 

METHOD OF MEASUREMENT 

604.04.01 Measurement. Method of measurement 
shall conform to the requirements of subsection 601.04.01, 
“Measurement,” and in addition thereto, the following 
requirements shall apply. 

The quantity of corrugated metal end sections for culvert 
pipe or pipe arch measured for payment will be the num- 
ber of units of each size of each class complete and in 
place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

604.05.01 Payment. Payment shall conform to the 
requirements of subsection 601.05.01, “Payment,” and in 

addition thereto, the following requirements shall apply. 
The accepted quantities of corrugated metal pipe, meas- 

ured as specified in subsection 604.04.01, “Measurement,” 
will be paid for at the contract unit price bid per linear 
foot for the types and sizes specified. End sections will 
be paid for at the contract unit price bid per each for the 
kind and size specified, which payment shall include struc- 
ture excavation and backfill for fabricated end sections. 

Where the Contractor elects to furnish aluminum cor- 
rugated metal pipe and end sections in lieu of steel cor- 
rugated metal pipe and end sections, such aluminum 
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CORRUGATED METAL PIPE 604 

corrugated metal pipe and end sections shall be measured 
as corrugated metal pipe and end sections. 
When culvert pipe is designated to be relayed, hauling 

of the pipe from the site of removal or from the place 
where stored to the point or points at which they are to 
be reinstalled shall be considered subsidiary to the pipe 
item and no further compensation will be allowed therefor. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(size) Corrugated Metal Pipe ((type).............................. Linear Foot 
(size) Corrugated Metal Pipe (type) Jacked...............Linear Foot 
(size) Relay Culvert Pipe (type)..........-............... bee Peale Linear Foot 
fsize) Coir, Metal Arch Pipe: (type) .2...-.- x... Linear Foot 
(size) Corr. Metal Siphon Pipe (type)............................ Linear Foot 
(size) Corr. Metal Nestable Pipe (type)........................ Linear Foot 
(size ).Corr. Metal End Section (type) «.................-2-<--000------1-45-- Each 
(size) Corr. Metal Arch End Section (type).............-.-.-......- Each 
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SECTION 605 

ALUMINUM CORRUGATED METAL PIPE AND 
ALUMINUM ARCH CULVERTS 

DESCRIPTION 

605.01.01 General. This work shall consist of fur- 
nishing and installing corrugated aluminum culvert pipe 
and pipe arches at the location shown on the plans, or 
established by the Engineer, and in accordance with the 
requirements of these specifications. 

MATERIALS 

605.02.01 General. Materials and their use shall 
conform to the applicable requirements of subsection 
601.02.01 of Section 601, “Pipe Culverts—General.” 

CONSTRUCTION 

605.03.01 General. The construction requirements 
shall be as prescribed in subsections 604.03.01 through 
604.03.04 of Section 604, “Corrugated Metal Pipe and 
Metal Arch Pipe.” 

Aluminum corrugated metal pipe shall comply to the 
gages set forth on the plans. 

METHOD OF MEASUREMENT 

605.04.01 Measurement. Method of measurement 
shall conform to the requirements of subsection 601.04.01, 
“Measurement.” 

All measurements will be made in accordance with sub- 

section 109.01, “(Measurement of Quantities.” 

BASIS OF PAYMENT 

605.05.01 Payment. Payment shall conform to the 
requirements of subsection 601.05.01, “Payment,” and in 
addition thereto, the following requirements shall apply. 
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605 ALUMINUM METAL PIPE 

The accepted quantities of corrugated aluminum pipe © 
and aluminum arch pipe will be paid for at the contract 
price per bid linear foot for the types and sizes specified. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(size) Corrugated Aluminum Pipe............................-------- Linear Foot 
(size) Corrugated Aluminum Arch Pipe.........................- Linear Foot 
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SECTION 606 

STRUCTURAL PLATE PIPE AND 
PIPE ARCH CULVERTS 

DESCRIPTION 

606.01.01 General. This work shall consist of fur- 
nishing and installing structural plate pipe and pipe arch 
culverts conforming to the requirements of these specifi- 
cations, and of the sizes and dimensions required in the 
plans, and installing such structures at locations designated 
in the plans or established by the Engineer, and in con- 
formity with the lines and grades established by the Engi- 
neer. The work shall also include the reinstallation of 
salvaged structural plate pipe and pipe arch culverts. 

Plates for a pipe arch shall form a cross section made 
up of four (4) circular arcs tangent to each other at their 
junctions and symmetrical about the vertical axis. The top 
shall be an arc of not more than one hundred eighty (180) 
degrees nor less than one hundred fifty-five (155) degrees. 
The bottom shall be an arc of not more than fifty (50) 

degrees nor less than ten (10) degrees. The top shall be 
joined at each end to the bottom by an arc having a 
radius between sixteen (16) and twenty-one (21) inches 
and of not more than eighty-seven and one-half (8712) 
degrees or less than seventy-five (75) degrees. 

MATERIALS 

606.02.01 General. Materials shall meet the require- 
ments specified in subsection 709.03.08, “Structural Plate 
Pipe and Pipe Arches.” 

If called for in the bid schedule, plates for pipes and 
pipe arches shall be bituminous coated in accordance 
with AASHTO Designation: M190, Type A, B, or C. 

When bituminous coating is applied to plates for struc- 
tural steel plate pipe, arches and pipe arches, each plate 
shall have the thickness painted on the inner surface so 
that the plate thickness can be readily identified. 
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606 STRUCTURAL PLATE PIPE 

The portion of all nuts and bolts, used for assembly of 
bituminous coated structural steel plate pipes, arches 
and pipe arches projecting outside the pipe shall be 
bituminous coated after installation. The portion of the 
nuts and bolts projecting inside the pipe need not be 
bituminous coated. 

Damaged bituminous coating shall be repaired by the 
Contractor by applying bituminous material conforming to 
the provisions of AASHTO Designation: M190 or other 
approved material. 

The bottom plates of structural plate pipes and arches 
shall be one gage heavier than the gage specified in the 
bid schedule, which will apply to top and side plates. 
When gage one is specified, the bottom plates shall also 
be gage one. } 

Plates shall be shipped and handled in such a manner as 
to prevent bruising, scaling, or breaking of the spelter 
coating. Damaged spelter coating in lieu of the require- 
ments of AASHTO Designation M36 may be repaired by 
thoroughly wire brushing the damaged area and remov- 
ing all loose and cracked spelter coating after which the 
cleaned area shall be painted with two coats of zinc oxide- 
zinc dust paint conforming to the requirements of Federal 
Specification MIL—P-15145. The paint shall be properly 
compounded in a suitable vehicle in the ratio of one (1) 
part zinc oxide to four (4) parts zinc dust by weight. 

Planned lengths and sizes are approximate. The Con- 
tractor shall not order and deliver the plates until a list 
of sizes and lengths is furnished him by the Engineer. 

CONSTRUCTION 

606.03.01 Plate Description. Plates shall consist of 
structural units of galvanized corrugated metal. Single 
plates shall be furnished in standard sizes to permit struc- 
ture length increments of two (2) feet. (Plates have approx- 

imately a two (2) inch lip beyond each end crest, which 
results in the actual length of a given structure being 
approximately four (4) inches longer than the nominal 
length, except when skewed or beveled.) 
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STRUCTURAL PLATE PIPE 606 

The plates at longitudinal and circumferential seams 
shall be connected by bolts. Joints shall be staggered so 
that not more than three plates come together at any one 
point. Each plate shall be curved to one or more circular 
arcs. 

606.03.02 Fabrication. Plates shall be formed to 
provide lap joints. The bolt holes shall be so punched 
that all plates having like dimensions, curvature, and the 
same number of bolts per foot of seam shall be inter- 
changeable. Each plate shall be curved to the proper radius 
so that the cross sectional dimensions of the finished struc- 
ture will be as specified. 

Unless otherwise specified, bolt holes along those edges 
of the plates that will form longitudinal seams in the 
finished structure shall be staggered in rows two (2) inches 
apart, with one row in the valley and one in the crest of 
the corrugations. Bolt holes along those edges of the plates 
that will form circumferential seams in the finished struc- 
ture shall provide for a bolt spacing of not more than 
twelve (12) inches. The minimum distance from center 
of hole to edge of the plate shall be not less than one 
and three-fourths (134) times the diameter of the bolt. The 
diameter of the bolt holes in the longitudinal seams shall 
not exceed the diameter of the bolt by more than one- 
eighth (1) inch. 

Burnt edges shall be free from oxide and burrs and shall 
present a workmanlike finish. Damaged spelter on the 
surface of the plates and the edges of cuts shall be repaired 
as set forth in subsection 606.02.01, “General,” within 

twenty-four (24) hours after the cuts are made. Each cut 
plate shall be legibly identified to designate its proper 
position in the finished structure. 

606.03.03 Field Inspection. The Engineer shall be 
furnished with an itemized statement, of the number and 
length of the plates in each shipment by the manufacturer. 
Each plate included in a shipment shall conform to the 
requirements of. these specifications. If twenty-five (25) 
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606 STRUCTURAL PLATE PIPE 

percent or more of the plates in any shipment fail to con- 
form to the requirements, the entire shipment may be 
rejected. 

606.03.04 Earthwork. Excavation and backfill shall 
conform to the requirements of Sections 206, “Structure 
Excavation,” and 207, “Backfill.” 

The pipe shall be laid in a trench excavated to the lines 
and grades established by the Engineer. The bottom of the 
trench shall be graded and prepared to provide full con- 
tact with the pipe throughout its entire length. 

Where pipes are to be installed in new embankments 
on a steep slope or in a difficult location, the height of 
new embankments may be varied when permitted by the 
Engineer before installing pipes. 

When headwalis are not required and granular materials 
are used for backfilling, the fill at the ends of the structure 
shall be sealed against the infiltration of water by bedding 
the ends of the structure in well tamped clay as shown on 
the plans. 

When the pipe is laid in rock, hard clay, shale, or other 

hard material, a space below the pipe shall be excavated 
and replaced with a bed of compacted sand or com- 
pacted earth fill. In no place shall the pipe be laid directly 
on the rock, hard clay, shale, or other hard material. 

When sand or compacted fill is used, the depth of the 
sand or compacted fill below the pipe shall not be less 
than one-third (4%) the inside diameter of the pipe with 
a minimum of four (4) inches and a maximum of twelve 
(12) inches with the exception that an extra one-half (12) 
inch shall be added for every foot the trench exceeds six- 
teen (16) feet in depth. This bed shall extend at the sides 
of the pipe at least a distance of one-fourth (4) the out- 
side diameter of the pipe. 

606.03.05 Assembling. The structural plate struc- 
tures shall be assembled in accordance with the manufac- 
turer’s assembly instruction. The unsupported edges of all 
plates shall be held in position by temporary props. Each 
row of side plates shall extend far enough to support the 
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STRUCTURAL PLATE PIPE 606 

plate above until the first complete ring has been assem- 
bled. A sufficient number of bolts shall be progressively 
installed to hold the plates in position. Bolts shall not be 
tightened until tightening will not interfere with the adjust- 
ment and matching of additional plates and sections. Spe- 
cial care shall be exercised in the use of drift pins or pry 
bars to prevent chipping or injury to the galvanized or 
other protective coating, and such injury shall be repaired 
as set forth in subsection 606.02.01, “General,” at the 
Contractor’s expense. After all plates are in place, the 
bolts shall be progressively and uniformly tightened from 
one end of the structure, and the tightening operation 
repeated to be sure that all bolts are tight. Bolts shall be 
tightened to a minimum of (a) one hundred (100) foot- 

pounds of torque for plates of 7 gage and lighter, and (b) 
one hundred fifty (150) foot-pounds of torque for plates of 
5 gage and heavier, and shall be rechecked and retightened 
as necessary just prior to backfilling. 

The elliptical-shaped pipes shall be installed with their 
long diameter vertical, and pipe arches shall be installed 
with their span width horizontal. 

606.03.06 Strutting. When specified, structural plate 
pipes which are not fabricated out of round before erec- 
tion shall be timber strutted vertically three (3) percent 
out of round before placement of the embankment. 

The pipe shall be deformed to the required degree by 
means of suitable jacks. The method of jacking shall meet 
with the approval of the Engineer. A tolerance of twenty- 
five (25) percent above or below the specified elongation 
will be permitted. 

Strutting shall be carried uniformly from end to end of 
the pipe. The struts shall be left in place until the embank- 
ment is complete and compacted, unless otherwise ordered 
by the Engineer. 

In lieu of strutting structural plate pipe, the Contractor 
may furnish structural plate pipe with the vertical axis 
fabricated out of round five (5) percent of the nominal 
diameter from end to end of the pipe. A tolerance of 
twenty-five (25) percent above or below the specified 
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606 STRUCTURAL PLATE PIPE 

elongation will be permitted. The elongation shall be made 
by approved shop methods, and any coating damaged or 
destroyed shall be repaired or replaced satisfactorily. 

606.03.07 Workmanship. It is the essence of these 
specifications that, in addition to compliance with the 
details of construction, the completed pipe shall show 
careful, finished workmanship in all particulars. Struc- 
tural plates on which the spelter coating has been bruised 
or broken or which shows defective workmanship, shall 
be rejected, except as herein otherwise specified. The 
requirement applies not only to the individual plates, but 
to the shipment on any contract as a whole. Among others, 
the following defects are specified as constituting poor 
workmanship and the presence of any or all of them in any 
individual culvert plate, or in general in any shipment, 
shall constitute sufficient cause for rejection: 

(a) Uneven laps. 
(b) Variation from a straight centerline. 
(c) Ragged edges. 
(d) Loose, unevenly lined or spaced bolts. 

(e) Bruised, scaled or broken spelter coating. (See sub- 
section 606.02.01 for exception.) 

(f) Dents or bends in the metal itself. 

606.03.08 Headwalls. Where shown on the plans, 
inlet and outlet headwalls shall be constructed or installed 
in connection with structural plate pipe. Where such head- 
walls are constructed or installed, the ends of pipes shail 
be placed flush or cut off flush with the headwall face, 
unless otherwise permitted by the Engineer. Headwalls to 
be constructed to conform to the applicable requirements 
of Sections 501, “Portland Cement Concrete,” and 502, 
“Concrete Structures.” 

606.03.09 Extending Existing Structural Plate Pipe 
and Pipe Arch Culverts. In case the plans provide for the 
extension of any old or existing structural plate pipe or 
pipe arch culverts, the connection of the old and new 
sections shall be made by punching any necessary- bolt 
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STRUCTURAL PLATE PIPE 606 

holes, furnishing bolts, nuts and washers, changing location 
of individual plates on pipe arches, and any other work 
required in the completion of the connection in a work- 
manlike manner. In all cases where an existing headwall 
is in place, the concrete shall be completely removed) in 
accordance with the provisions of Section 202, “Removal 
of Structures and Obstructions.” 

METHOD OF MEASUREMENT 

606.04.01 Measurement. The materials to be paid 
for under these specifications will be listed in the contract 
items by the various sizes, types, and gages necessary for 
identification. . 

The quantity of structural plate pipe or pipe arches 
measured for payment will be the number of linear feet 
complete and in place. The number of linear feet shall be 
the average of the top and bottom centerline lengths for 
structural plate pipe and pipe arches. 

Structure excavation and structure backfill, Portland 

cement concrete and reinforcement required for headwalls, 
structures, and other items required to complete the work 
will be measured and paid for under their respective sec- 
tions of these specifications. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

606.05.01 Payment. The accepted quantities of struc- 
tural plate pipe and pipe arches measured as specified in 
subsection 606.04.01, “Measurement,” will be paid for at 

the contract unit price bid per linear foot for the types 
and sizes specified. 

Full compensation for furnishing structural plate pipe 
and pipe arches with end finish, including distortion, if 
required, will be considered as included in the price paid 
per linear foot for the plates and pipe involved and no 
additional compensation will be allowed therefor. 

Provisions for handling of whatever water may be 
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606 STRUCTURAL PLATE PIPE 

encountered at the site shall be an obligation of the Con- 
tractor, and payment therefor shall be considered as sub- 
sidiary to the items involved and no further compensation 
will be allowed therefor. 

It is understood that the gage of metal in the bottom 
plates of pipes and pipe arches is to be of a gage heavier 
than that specified in the bid schedule as set forth in sub- 
section 606.02.01, “General,” unless otherwise specified. 
No separate or additional compensation will be made by 
reason of supplying the heavier gage but compensation 
therefor shall be considered an integral part of the contract 
price paid for the gage specified. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(size) Structural Plate Pipe (type) (gage)..................--...... Linear Foot 
(size) Structural Plate Pipe Arch (type) (gage)................ Linear Foot 
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SECTION 607 

UNDERDRAINS 

DESCRIPTION 

607.01.01 General. This work shall consist of con- 
structing underdrains using pipe and drain backfill in 
accordance with these specifications and in reasonably 
close conformity with the lines and grades shown on the 
plans or established by the Engineer. 

MATERIALS 

607.02.01 General. Materials shall meet the require- 
ments specified in the following subsections: 

Corrugated Metal Pipe for Underdrains............ Subsection 709.03.05 
Bituminous Coated Corrugated Metal Pipe 

fort Ungerdrains. i208 I CAR Bye frre Subsection 709.03.06 
Perforated: Concrete Pipes.../2.2lcscc0--cescbies ee Subsection 708.03.03 
ClaysPipgeare a ce Cee aa We en: Subsection 708.03.04 
Corrugated Aluminum Pipe for Underdrains....Subsection 709.03.07 
a OM eis: 271] EEE eee, Se Se, Bee ae Subsection 704.03.01 

When the location of manufacturing plants allows, the 
plants will be inspected periodically for compliance with 
specified manufacturing methods, and materials samples 
will be obtained for laboratory testing for compliance with 
materials quality requirements. This can be the basis for 
acceptance of manufacturing lots as to quality. 

All materials will be subject to inspection for acceptance 
as to condition at the latest practicable time the Engineer 
has the opportunity to check for compliance prior to or 
during incorporation of materials into the work. 

The Contractor shall not order and deliver the pipe until 
a correct list of sizes and lengths is furnished him by the 
Engineer. 

Pipe shall be shipped and handled in such a manner as 
to prevent bruising, sealing, or breaking. Corrugated metal 
pipe with damaged spelter coating may be repaired in 
accordance with subsection 604.02.01 of Section 604, 
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607 UNDERDRAINS 

“Corrugated Metal Pipe.” Concrete or clay pipe which is 
cracked, checked, spalled, or damaged shall not be laid. 
Pipes which show defects due to handling shall be rejected 
at the site of the installation regardless of prior acceptance. 

CONSTRUCTION 

607.03.01 Earthwork. Excavation and drain back- 
fill shall conform to the requirements of Sections 206, 
“Structure Excavation,” and 209, “Drain Backfill,” with 
the following modifications: 

(a) Trenches shail be excavated to the dimensions and 
grade required by the plans or as directed. A minimum 
three (3) inch bedding layer of drain backfill material shall 
be placed in the bottom of the trench for its full width 
and length. 

_ (b) The space below the pipe shall be filled with the 
required drain backfill throughout its entire length, and 
brought to a uniform grade. All material excavated from 
trenches, not required for backfilling, nor usable in the 
roadway, shall be removed and disposed of by the Con- 
tractor. 

(c) If an item for grouting drain backfill is shown in the 
proposal, drain backfill shall be covered with a thick grout 
not less than one (1) inch in thickness. The grout shall be 
composed of one (1) part Portland cement and five (5) 
parts sand. This grout shall be thoroughly tamped to pro- 
vide an impervious layer over the entire surface of the 
drain backfill. 

607.03.02 Laying Pipes. Bell and spigot tile shall 
be laid upgrade with the bell end upgrade and the spigot 
end not quite fully entered in the adjacent bell. Pipe 
shall be laid true to line and grade with a uniform bearing 
under the full length of the barrel. The pipe joints shall 
then be covered with two-ply tar paper strips not less than 
six (6) inches in width and of sufficient length to permit 
the ends being turned outward and laid flat on the bottom 
course of drain backfill on either side of the pipe for a 
distance of three (3) inches. 
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UNDERDRAINS 607 

Perforated pipe shall be laid with the perforations at 
the bottom of the pipe and the sections joined with band 
couplers. The pipe shall be firmly bedded throughout its 
length. 

607.03.03 Underdrain Outlets. Trenches for under- 
drain outlets shall be excavated to the width and depth 
shown on the plans. Pipe shall be laid in the trench with 
all ends firmly joined by the applicable methods and 
means. After inspection and approval of the pipe installa- 
tion, the trench shall be backfilled with structure backfill 
material in layers and compacted as provided in Section 
209, “Drain Backfill.” 

METHOD OF MEASUREMENT 

607.04.01 Measurement. The materials to be meas- 
ured for payment under these specifications will be listed 
in the contract items by size, class, type gage, or whatever 
information is necessary for identification. 

The quantity of underdrain pipe measured for payment 
will be the actual number of linear feet of pipe complete 
and in place. Underdrain pipe bends, wyes, tees, and other 
branches will be measured along centerlines to the point 
of intersection. 

The quantity of grouted drain backfill measured for pay- 
ment will be the number of linear feet of drain grouted, 
measured along the longitudinal axis of the drain, in the 
completed work. 

All measurements will be made in accordance with sub- 
section 109.01, ““Measurement of Quantities.” 

BASIS OF PAYMENT 

607.05.01 Payment. The accepted quantities of 
underdrain pipe measured as specified in subsection 607.- 
04.01, “Measurement,” will be paid for at the contract 
unit price bid per linear foot for the types and sizes speci- 
fied. 

The accepted quantity of grouted drain backfill meas- 
ured as provided in subsection 607.04.01, “Measurement,” 
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607 UNDERDRAINS 

will be paid for at the contract unit price bid per linear 
foot for grouting drain backfill. 

Structure excavation and drain backfill will be measured 
and paid for as separate items as provided in Sections 206, 
“Structure Excavation,” and 209, “Drain Backfill.” 

Provisions for handling of whatever water may be 
encountered, at the site, shall be an obligation of the 
Contractor and payment therefor shall be considered as 
subsidiary to the items involved and no further compensa- 
tion will be allowed therefor. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(size) Perforated Corrugated Metal Pipe for 
Wnaderdéains (type) oe. act’T..... destroyer BAW... 28 Linear Foot 

(size) Nonperforated Corrugated Metal Pipe for 
Winderdrains (type )-...:1,. 25 2te eee ee Pee Pee Linear Foot 

Perforated Concrete Pipe for 
Underdrains (type) OG 20S IPk VW iseeower Bt 8 Linear Foot 

(size) Clay Pipe for Underdrains (type)........................ Linear Foot 
(size) Corrugated Aluminum Pipe for 
Pee TAINS CPV DC ) oh oo acta ce can ssecues segs ea ee Linear Foot 

Grouting Drain Backfill (width)......00.0......0000.....222200..2220-- Linear Foot 
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SECTION 608 

DOWNDRAINS 

DESCRIPTION 

608.01.01 General. This work shall consist of fur- 
nishing and installing embankment protectors, flume down- 
drains, anchor assemblies, slip joints, and bituminous 

concrete downdrains to collect and carry surface drainage 
down the roadway slopes. 

MATERIALS 

608.02.01 General. ‘The materials used shall be those 
prescribed or used for the several items which constitute 
the finished work and shall conform to the requirements 
in the following sections and subsections: 

Corrugated Metal Pipe for Downdrains............ Subsection 709.03.04 
Corrugated Aluminum Pipe........................--...-.. Subsection 709.03.03 
Surfacing Miscellaneous Areas.......................... Subsection 401.03.14 
Reroute KRIDlaD. ..24. Jee ceca eee he me oe Subsection 610.03.04 
“2 Cty ote tere Seetmepdlncr teller eet oampelt Role 6) Se Mie Avagehtr wh Rips Section 501 
eeiiforcingsntietl>. as Sx igieshs otrtieii merely ah Section 505 
Pramess fers Grates, bis BAe nde ee. Bove neni, Section 609 

Pipe for crossbars shall be unpainted standard weight 
black pipe conforming to the requirements of ASTM 
Designation: A53 or A120. 

Downdrain metal products shall be fabricated in accord- 
ance with the details and dimensions shown on the plans, 
except that minor variations may be accepted at the dis- 
cretion of the Engineer to permit the use of manufacturers’ 
standard jigs and templets in the fabrication. Metal shall 
not be less than the gage shown on the plans. 

Each separate downdrain installation shall be assembled 
from one material only. Ferrous metal and aluminum shall 
not be used in the same installation except that the anchor 
assemblies as shown on the plans may be used with an 
aluminum installation provided the anchor assemblies are 
electrically insulated. 
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608 DOWNDRAINS 

Corrugated metal parts with damaged spelter coating 
shall be repaired in accordance with subsection 604.02.01 
of Section 604, “Corrugated Metal Pipe.” 

CONSTRUCTION 

608.03.01 Metal Downdrains. The embankment pro- 
tector outlet pipe shall be connected to a downdrain pipe 
of the dimensions shown on the plans by means of a band 
coupler ora slip joint. 

Embankment protectors shall be installed at the outside 
edge of the embankment gutters or in shoulder dikes to 
carry drainage from the roadbed down the embankment 
slopes to protect the slopes and shoulders from erosion. 
The entrance device shall be so installed as to prevent 
water from percolating around the structure and care shall 
be taken to prevent the structure from being undermined. 
The seal between the structure and the surrounding earth 
shall be made watertight. The embankment protectors 
shall be placed in such a manner that the lower edge of 
the opening will be from three (3) inches to six (6) inches 
below the bottom of the gutter flow lines. 

608.03.02 Bituminous Mixtures and Grouted Riprap. 
Bituminous mixture and grouted riprap downdrains, when 
called for, shall be placed in accordance with the pro- 
visions in subsection 401.03.14, “Surfacing Miscellaneous 
Areas,” or subsection 610.03.04, “Grouted Riprap.” 

METHOD OF MEASUREMENT 

608.04.01 Measurement. The materials to be meas- 
ured for payment under these specifications will be listed 
in the contract items by size, type, etc., or whatever infor- 
mation is necessary for identification. 

The quantity of embankment protectors, slip joints, and 
anchor assemblies will be measured as units complete and 
in place. 

Type 1 and 3 embankment protectors shall include the 
length of the tapered section and the length of tail pipe 
shown on the plans and this length of tail pipe will not be 
measured as downdrain pipe. 
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DOWNDRAINS 608 

Type 2 embankment protectors shall include the length 
of tapered section and a five (5) inch flume stub and said 
stub will not be measured as flume downdrain. 

An anchor assembly shall consist of pipe stakes, rods, 
and hardware for fastening downdrain pipe or flume down- 
drain as shown on the plans. For payment purposes a 
flume downdrain anchor assembly shall include two pipe 
stakes with necessary clip brackets and bolts. 

The quantity of corrugated metal pipe downdrains 
measured for payment will be the number of linear feet 
complete and in place, exclusive of the length of tail pipe 
attached to the entrance taper as provided above for 
entrance tapers. Pipe placed in excess of the length desig- 
nated will not be measured for payment unless pipes are 
cut to fit a structure or slope. When pipes are cut to fit a 
structure or slope, the quantity to be paid for will be the 
length of pipe necessary to be placed before cutting, meas- 
ured in even two (2) foot increments. 

Type 4 embankment protectors shall be measured as 
units complete in place as shown on the plans and as 
approved by the Engineer, except corrugated metal pipe 
downdrain shall be measured for payment including the 
length of pipe cast into the Type 4 embankment protector. 

The quantity of elbows, wyes, tees, and other branches 

measured for payment will be the number of linear feet for 
the size and type of pipe involved, complete and in place. 
Wyes, elbows, tees, and other branches will be measured 
along centerlines to the point of intersection. 

The quantity of corrugated metal flume downdrain 
measured for payment will be the number of linear feet 
complete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, ‘““Measurement of Quantities.” 

BASIS OF PAYMENT 

608.05.01 Payment. The accepted quantities of 
embankment protectors, slip joints and anchor assemblies 
measured as specified in subsection 608.04.01, “Measure- 
ment,” will be paid for at the contract unit price bid per 
each for the types and sizes specified. 
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608 DOWNDRAINS 

The accepted quantities of downdrain pipe or downdrain 
flume, measured as specified in subsection 608.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per linear foot for downdrain pipe or flume for the 
types and sizes specified. 

Payment for structure excavation and structure backfill 
will be considered subsidiary to the items of embankment 
protectors and downdrain pipe or flume and no further 
compensation will be allowed therefor. 

Plantmix bituminous mixture used in downdrains will 
be paid for as provided in Section 401, “Plantmix Bitumi- 
nous Pavements.” The cost incurred for preparing the 
ditch and all incidentals not specifically mentioned herein 
will be paid for on a square yard basis as provided in 
Section 402, “Plantmix Bituminous Surface.” Drainage 
excavation will not be paid for on plantmix bituminous 
downdrains. 

Quantities of grouted riprap placed for downdrains will 
be paid for according to the provisions of Section 610, 
“Riprap.” 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Embankment “Protector (ty peje. .2 he ae a, ee ee Each 
Slip Joitits28:.00: GING? 2 DON SONAL 2GIE 2 ROY Pee ee, Each 
AnchorwAssemblyr..2atloe sxc -nod in. decee...oct. wemaedig" ge Each 
(size) Downdrain, Pine type) So. costed -et- nannies Linear Foot 
POON OCA AES ek a el ed aati ee Linear Foot 
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SECTION 609 

CATCH BASINS, MANHOLES, AND INLETS 

DESCRIPTION 

609.01.01 General. This work shall consist of con- 
structing or reconstructing catch basins, manholes, inlets, 
and similar structures, consisting of Portland cement con- 
crete with necessary reinforcement, metal frames, grates, 
and lids, including required excavation and backfilling. 

MATERIALS 

609.02.01 General. Materials shall conform to the 
requirements specified in the following sections and sub- 
sections: 

Portland? Cement. Concrete 8i.e0s Soo te sa ee. Section 501 
RGIMOLECIN OT CCla al ore. Steven on fa aero 2) Section 505 
TISCCHATICOUSANI Cla lS... oh Ri eee ee eae es Section 712 
Gray Jron Castings......._......... sie, Bee Subsection 712.03.02 

Portland cement concrete shall be Class A or Class AA 
unless otherwise provided. 

Casting shall be true to pattern in form and dimensions, 
free from pouring faults, sponginess, cracks, blow holes, 

and other defects in positions affecting strength and value 
for the service intended. Casting shall be boldly filleted 
at angles and the arrises shall be sharp and perfect. Cast- 
ing shall be sand blasted or otherwise effectively cleaned 
of scale and sand so as to present a smooth, clean, and 

uniform surface. 
Mortar for setting grates shall be mixed in the propor- 

tions of one (1) part cement to three (3) parts of fine 
aggregate. 

Pipe crossbars for drop inlets shall be unpainted stand- 
ard weight black pipe conforming to the requirements of 
ASTM Designation: A53 or A120. Straps shall be 
unpainted A36 steel. 



609 CATCH BASINS, MANHOLES, AND INLETS 

CONSTRUCTION 

609.03.01 General. Catch basins, inlets, and man- 

holes shall be constructed in accordance with all of the 
requirements of Section 501, “Portland Cement Concrete.” 

Inlet and outlet pipes shall be placed prior to pouring 
concrete. 

Grates shall be set in full mortar beds or otherwise 
secured as shown on the plans. Grates shall be set accu- 
rately to the final elevations so that no subsequent adjust- 
ments will be necessary. Concrete covers, when indicated 
on the plans, shall be constructed in such manner that they 
will fit snugly and be readily removable. Structural steel 
grates shall be painted as specified in Section 614, “Paint- 
ing.” 

Pipe or tile placed in masonry for inlet or outlet con- 
nections shall extend through the walls and beyond the 
outside surfaces of the walls a sufficient distance to allow 
for connections with conduits and the masonry shall be 
carefully constructed around them so as to prevent leak- 
age around their outer surfaces. 

Commercially prefabricated frames and grates of equal 
or greater capacity and strength may be substituted for the 
design shown on the plans for drop inlets provided prior 
approval is obtained in writing from the Engineer. 

Frames and grates shall be matchmarked in pairs before 
delivery to the work and grates shall fit into their frames 
without rocking. 

609.03.02 Adjusting Catch Basin, Manhole, and Inlet 
Covers. Unless otherwise provided on the plans or by 
the contract, existing covers, including frames, grates; or 

lids shall be adjusted to the required elevation by remov- 
ing such existing covers and adjusting the top of the 
existing structures by removing or adding concrete, brick 
masonry, or concrete block masonry, as the case may be, 
reinstalling the fixtures by supporting them on a. satis- 
factory collar of concrete masonry, Class A or AA so 
constructed as to hold them firmly in place. 

609.03.03 Clean Out. All catch basins, manholes, 
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CATCH BASINS, MANHOLES, AND INLETS 609 

inlets, and similar structures shall be thoroughly cleaned 
of any accumulations of silt, debris, or foreign matter of 
any kind, and shall be clean of such accumulations at the 
time of final inspection. 

609.03.04 Earthwork. Structure excavation and struc- 
ture backfill shall conform to the requirements of Sections 
206, “Structure Excavation,” and 207, “Backfill.” 

METHOD OF MEASUREMENT 

609.04.01 Measurement. The quantities of castings 
and structural steel grates measured for payment will be 
the number of pounds complete and in place. The weight 
of castings shall be computed from the dimensions shown 
on the approved shop drawings, assuming the cast iron to 
weigh four hundred fifty (450) pounds per cubic foot, with 
an allowance of ten (10) percent for fillets and overrun. 
The weight of structural steel grates shall be computed 
from the dimensions shown on the approved shop draw- 
ings, in accordance with Section 506, “Steel Structures.” 

Certified shop weights will be acceptable in lieu of com- 
puted weights. 

Adjusting covers for catch basins, manholes, and inlets 
will be measured per each complete and in place. 

Precast manholes of the type and dimensions shown on 
the plans will be measured per each complete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

Pipe crossbars and straps for drop inlets shall be 
included in the measurement for payment by the contract 
bid price per pound for structural steel grates. 

BASIS OF PAYMENT 

609.05.01 Payment. The accepted quantities of grates 
measured as provided in subsection 609.04.01, “Measure- 
ment,” will be paid for at the contract unit price bid per 
pound for types and sizes specified. 

The work for adjusting covers measured as specified in 
subsection 609.04.01, “Measurement,” will be paid for at 
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609 CATCH BASINS, MANHOLES, AND INLETS 

the contract unit price bid per each for adjusting covers 
for catch basins, manholes, and inlets, which price shall 

be full compensation for furnishing all materials, tools, 
incidentals, and labor required to adjust the covers. 

Portland cement concrete used in new structures of 
catch basins and inlets will be paid for as specified in 
Section 502, “Concrete Structures.” 

Reinforcing steel in catch basins and inlets will be paid 
for as specified in Section 505, “Reinforcing Steel.” 

The accepted quantity of precast manholes measured 
as provided in subsection 609.04.01, “Measurement,” will 
be paid for at the contract unit price bid per each for 
types and sizes specified. This price shall be full com- 
pensation for furnishing all materials including structure 
excavation and structure backfill, Portland cement con- 

crete, steel, castings, and incidentals necessary to complete 
the work. 

Structure excavation and structure backfill for catch 
basins and inlets will be paid for as specified in Sections 
206, “Structure Excavation,” and 207, “Backfill.” 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Castings 20 son ee ee neo en Been ee. eer cee eee Pound 
structural Steel Gratess £0 iris Lae cence Leese ache ee jhe a ¢ Pound 
(size) Precast Reinforced Concrete Manhole (type)................. Each 
Adjusting: Govers.12928.21 ohsst.od llivi gireqrasseesrny is Each 
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SECTION 610 

RIPRAP 

DESCRIPTION 

610.01.01 General. This work shall consist of fur- 
nishing and placing riprap (with or without grout), heavy 
riprap, or sacked Portland cement concrete riprap, as the 
case may be, in accordance with the requirements of the 
plans and these specifications. 

MATERIALS 

610.02.01 General. All materials shall conform to 
the requirements specified in the following sections and 
subsections: 

eda wut MYR Be Sere Picdd ote pty by Pow ates Vig Dee 8 co fT Section 722 

Stone for Masonry and Riprap.........................- Subsection 706.03.05 
Hie a SUE a wl cia (ot 1) 2 pen ame eee Meaney el A. sowpeiis_hacte Section 701 

Grout’and Mortar Sands! - 08. Subsection 706.03.04 

When so provided, waste concrete slabs may be substi- 
tuted for the above-designated stone. In such case, the con- 
crete shall be sound and the slabs shall meet the size 
requirements as specified for stone. 

Grout shall be composed of one (1) part by volume of 
Portiand cement and three (3) parts by volume of sand and 
shall be of such consistency that it will fill voids in the rip- 
rap. 

The mixed concrete shall contain three hundred seventy- 
six (376) pounds (four sacks) of Portland cement per cubic 
yard. 

The amount of water added at the time of mixing shall 
be such as will produce a mixture with a slump of from 
three (3) inches to five (5) inches when tested in accord- 

ance with the method described in Section 501 of these 
specifications. 

Unless otherwise provided in the special provisions, 
ageregate for use in sacked concrete riprap shall consist of 
river run material of a sandy, gravelly nature, clean and 
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free from roots, vegetable matter, and other deleterious 
substances. When tested on laboratory sieves, river run 
material shall conform to the following grading require- 
ments: 

Passing a 2-inch sieve..................--- se ee ee 80 to 100 percent 
Passing 2.INOi.20U, SICV CG. ee eee 0 to 4 percent 

The nominal sizes of the various stones used will be as 
follows: 

(a) Size of Riprap. Individual stones shall have a thick- 
ness of not less than eight (8) inches and a width of not less 
than one and one-half (11) times the thickness. No stones 
except headers shall have a length less than one and one- 
half (112) times their width. The stones shall decrease in 
thickness from the bottom to the top of the wall. 

(b) Size of Heavy Riprap. Size of riprap stone shall be 
as large as can be conveniently placed in layer thickness 
specified. In layers two (2) feet or less in thickness, the 
stones, excepting spalls used to chink interstices, shall 

weigh not less than fifty (50) pounds, and at least sixty (60) 
percent of them shall weigh more than one hundred (100) 

pounds each. In layers more than two (2) feet in thickness 
at least fifty (50) percent of the mass shall be stones having 
a volume of two (2) cubic feet or more. 

CONSTRUCTION 

610.03.01 Earthwork. The bed for the riprap shall 
be properly trimmed and shaped. Excavations for trenches, 
footings, cutoff walls, etc., shall conform to the require- 
ments of Section 206, “Structure Excavation.” Gradation 
and compaction requirements on structure backfill will not 

apply. 

610.03.02 Riprap. Stone placed below the water line 
shall be distributed so that the minimum thickness of the 
riprap is not less than that specified. 

Stone placed above the water line shall be placed by 
hand. It shall be laid with close, broken joints and shall be 
firmly bedded into the slope and against the adjoining 
stones. The stones shall be laid perpendicular to the slope 
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with the ends in contact. The riprap shall be thoroughly 
compacted as construction progresses and the finished sur- 
face shall present an even, tight surface. The larger stone 

shall be placed in the lower courses. Interstices between 
stones shall be chinked with spalls firmly rammed into 
place. 

610.03.03 Heavy Riprap. Heavy riprap may be 
placed by any mechanical means that will produce a com- 
plete job within reasonable tolerances of the typical section 
shown on the plans. Hand work will be limited to the 
amount necessary to fill large voids or to correct segregated 
areas. 

610.03.04 Grouted Riprap. When grouted riprap is 
specified, the stone shall be laid as set forth above for rip- 
rap placed above the water line. The spaces between the 
stones shall then be filled with grout. Sufficient grout shall 
be used to completely fill all voids, except that the face sur- 
face of the stone shall be left exposed. After grouting is 
completed, the surface shall be cured as specified in Section 
502, “Concrete Structures,” for a period of at least three 

(3) days. 

610.03.05 Sacked Concrete Riprap. Sacks for con- 
crete riprap shall be made of at least ten (10) ounce burlap 
and shall be approximately nineteen and one-half (191%) 
inches by thirty-six (36) inches measured inside the seams 
when the sack is laid flat. The capacity of each sack shall 
be approximately one and twenty-five hundredths (1.25) 
cubic feet. Sound reclaimed sacks may be used. The sacks 
shall be filled with concrete, loosely placed so as to leave 
room for folding at the top, the fold to be just enough to 
retain the concrete at the time of placing. Not more than 
one (1) cubic foot of concrete shall be placed in each sack. 
Immediately after being filled with concrete, the sacks shall 
be placed and lightly trampled to cause them to conform 
with the earth face and with adjacent sacks in place. 

The slopes on which the sacked concrete riprap is to be 
placed shall be finished true to line and grade. The first 
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course shall consist of a double row of stretchers laid in a 
neatly trimmed trench, and the second course shall consist 
of a single row of headers. The third and remaining course 
shall consist of stretchers and shall be placed in such a 
manner that joints in succeeding courses are staggered. All 
dirt and debris shall be removed from the top of the sacks 
before the next course is laid thereon. Stretchers shall be 
placed so that the folded ends will not be adjacent. Headers 
shall be placed with the folds toward the earth face. Not 
more than four vertical courses of sacks shall be placed in 
any tier until initial set has taken place in the first course of 
any such tier. 

When, in the opinion of the Engineer, there will not be 
proper bearing or bond for the concrete due to delays in 
placing succeeding layers of sacks or due to the work hav- 
ing been hampered by storms or mud or for any cause, a 
small trench shall be excavated back of the row of sacks 
already in place, which trench shall be filled with fresh con- 
crete before the next layer of sacks is laid. 

Sacked concrete riprap shall be cured by covering with a 
blanket of wet earth or by sprinkling with a fine spray of 
water every two (2) hours during the daytime for a period 
of four (4) days. 

METHOD OF MEASUREMENT 

610.04.01 Measurement. The quantity of riprap, 
heavy riprap, and grouted riprap measured for payment 
will be the number of cubic yards complete and in place. 

The quantity of sacked concrete riprap to be measured 
for payment will be the number of cubic yards at the mixer. 
Only work placed within the dimensions shown on the 
plans or ordered by the Engineer will be measured for 
payment. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

610.05.01 Payment. The accepted quantities of rip- 
rap, heavy riprap, grouted riprap, and sacked concrete 
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RIPRAP 610 

riprap measured as provided in subsection 610.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per cubic yard for the type specified. 

Structure excavation for trenches, footings, cutoff walls, 
etc., will be paid for in accordance with Section 206, 
“Structure Excavation.” Backfill will be considered as 
included in the price paid for structure excavation and no 
separate payment will be made therefor. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

EST TY ce ee ee ee EE Me ese ee oct Cubic Yard 
BETA RATES S00 SE coe so tl ar Oa ls ASE Bh Cubic Yard 
ITSULCOUnIprap...2 revere, -.. ERO Ia Ts -BSs BPE Cubic Yard 
Backed inta pe suse oP ies Wie, Beet hr wnt ee oy spi od eh Cubic Yard 
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SECTION 611 

CONCRETE SLOPE PAVING 

DESCRIPTION 

611.01.01 General. This work shall consist of con- 
structing concrete slope paving and concrete mortar slope 
paving including aprons and cutoff walls in connection 
therewith, to the lines and grades established by the Engi- 
neer in accordance with the design shown on the plans. 

MATERIALS 

611.02.01 General. Materials shall conform to the 
requirements specified in the following sections: 

Boriand Cement c Oncrele. tg ae eee Section 501 

BREINCOTCIN DE LCGL re. Seah eee, bea LSA tees, eae Ae Section 505 

Concrete slope paving and aprons and concrete cutoff 
walls shall be Class A or Class AA Portland cement con- 
crete. 

Concrete mortar slope paving shall consist of a mix- 
ture of one (1) part Portland cement to four (4) parts sand, 
thoroughly mixed in a dry state prior to mixing with water. 
Measurement may be either by volume or weight. Before 
placing all lumps three-eighths (%) inch or over shall be 
removed by screening. Sand shall conform to the require- 
ments of subsection 706.03.03, “Fine Aggregate.” An air- 
entraining admixture shall be added to the concrete mortar 
at a rate of four to seven (4—7) percent. 

Mesh reinforcing for ditch lining and slope paving rein- 
forcement shall be of the sizes shown on the plans, fabri- 
cated of cold drawn steel wire and need not be galvanized. 
Mesh reinforcing shall conform to the requirements of Sec- 
tion 505 of the Standard Specifications. 

Header boards consisting of two (2) inch by four (4) inch 
redwood lumber furnished and placed in the grooved con- 
crete or mortar slope paving shall be as shown on the 
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plans. Lumber used in the construction of header boards 
shall be commercial grade heart redwood, S4S. 

Nails used in construction of header boards shall be 
commercial quality galvanized nails. 

CONSTRUCTION 

611.03.01 Earthwork. The subgrade for paved ditches 
and slope paving shall be formed by excavating to the 
required depth below the prepared finish surface grade in 
accordance with dimensions and design indicated on the 
plans or as directed by the Engineer. 

The subgrade shall be thoroughly compacted. Any soft, 
spongy or other unsuitable material shall be removed to 
such depth as directed and backfilled with suitable material 
and thoroughly compacted. Water shall be sprinkled on the 
subgrade during compaction and the subgrade shall be 
sufficiently moist prior to placing concrete or mortar to 
prevent absorption. 

Excavations for trenches, footings, cutoff walls, etc., 
shall conform to the requirements of Section 206, “Struc- 
ture Excavation.” Gradation and compaction requirements 
on structure backfill will not apply. 

611.03.02 General. Concrete, after spreading, shall 
be tamped until it is thoroughly compact and mortar flushes 
to the surface. If the slope is too steep to permit the use of 
concrete sufficiently wet to flush with tamping, the concrete 
may be tamped until consolidated and a mortar surface 
one-fourth (4) inch thick troweled on immediately. The 
mortar shall consist of one (1) part Portland cement and 
three (3) parts of clean, sharp sand. The mortar surface 
shall be considered as a part of the concrete and no addi- 
tional allowance will be made therefor. 

After striking off to grade, the concrete shall be hand 
floated with wooden floats not less than four (4) inches in 

width and not less than thirty (30) inches in length. Care 
shall be taken to prevent rotary marks of the hand floats. 
The entire surface shall be broomed with a fine texture hair 
push broom to produce a uniform surface and eliminate 
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float marks. Brooming shall be done when the surface is 
sufficiently set to prevent deep scarring and shall be accom- 
plished by drawing the broom down the slope leaving the 
marks parallel to the edges of the panel. Joints shall be 
edged with a one-fourth (#4) inch radius edger prior to the 
brooming. 

All concrete or mortar for slope paving, except that used 
in ditch lining, shall have an integral color pigment added. 
The color pigment shall consist of a synthetic mineral oxide 
specifically manufactured for coloring concrete. The 
integral concrete coloring shall be obtained by mixing the 
pigment material with the Portland cement, aggregates, and 
water in a sequence and by methods that will result in a 
uniform mixture. 

_ The color of the finished slope paving surfaces shall con- 
form to Federal Standard Color No. 30324 as shown in 
Table IT of Federal Standard No. 595. The color shall con- 
form to the referee color except that minor deviations in 
color and tint representative of the method of mixing and 
applying the slope paving, will be acceptable. 

Prior to placing slope paving for use in the work, the 
Contractor shall construct sufficient test panels to assure 
the Engineer that the proper color has been obtained and 
the final panel shall be at least four (4) feet by six (6) 

feet in size. The panels shall be constructed at the con- 
struction site and shall be placed by a method to be used 
In placing slope pavement. 
__ The Engineer shall be the sole judge of compliance of 
the test panel construction with the texture and color 
_ requirements of these specifications. 
Materials for mortar that have been mixed for more than 
forty-five (45) minutes and have not been incorporated in 
| the work shall not be used unless otherwise permitted by 
the Engineer. 
Concrete or mortar shall not be placed against frosted 
or frozen surface. If concrete or mortar is placed during 
cold weather it shall be heated and protected during plac- 
ing and curing as set forth in Section 501, except concrete 
or mortar shall be maintained at a temperature of not less 
than fifty (50) degrees Fahrenheit for seventy-two (72) 
| 
/ 
| 
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611 CONCRETE SLOPE PAVING 

hours after placing and at not less than forty (40) degrees 
Fahrenheit for an additional four (4) days. 

The slope paving shall be constructed without expansion 
joints. 

The mesh reinforcing shall be placed so as to be in the 
approximate center of the concrete or mortar. All joints 
shall be lapped six (6) inches and run continuously through- 
out paving or between headers. 

Concrete slope paving, aprons, and cutoff walls shall be 
cured as specified in Section 502, “Concrete Structures.” 

METHOD OF MEASUREMENT 

611.04.01 Measurement. The quantity of concrete 
slope paving or concrete mortar slope paving including — 
concrete or concrete mortar aprons and cutoff walls meas- 
ured for payment will be the number of cubic yards com- 
plete and in place. 

The quantity will be computed from measurements of | 
the actual areas placed based on the theoretical thickness © 
shown on the plans. No additional allowance will be made — 
for additional concrete placed by reason of low subgrades. | 

All measurements will be made in accordance with sub- | 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

611.05.01 Payment. The accepted quantities of con- 
crete slope paving and concrete mortar slope paving as well — 
as aprons and cutoff walls in connection therewith, meas- 
ured as provided in subsection 611.04.01, “Measurement,” — 
will be paid for at the contract unit price bid per cubic yard | 
for the material and class specified, which payment shall be 
full compensation for excavation, backfill, furnishing and — 
installing redwood headers, color pigment, concrete or | 
mortar, and all labor, tools, equipment and incidentals, and | 
for doing all the work involved in placing the concrete 
slope pavement (including subgrade preparation forms and 
curing), complete in place, as shown on the plans, as speci- 
fied herein, and as directed by the Engineer. 
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CONCRETE SLOPE PAVING 611 

Reinforcement shall be measured and paid for as speci- 
fied in Section 505 of the Standard Specifications. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(class) Concrete Slope Pavement...................22.2.22------2----- Cubic Yard 
maacs ACONClele. -ADGONS. a. ptad txts Sse alle 2 Cubic Yard 
moncrete Mortar Slope Pavement sc. 3) cccscenceccfacest-antrae Cubic Yard 
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SECTION 612 

METAL BIN-TYPE RETAINING WALLS 

DESCRIPTION 

612.01.01 General. This work shall consist of fur- 
nishing and installing metal retaining walls of the bin type 
at the locations shown on the plans or designated by the 
Engineer and in reasonably close conformity to the lines, 
grades, basic designs, and dimensions shown on the plans 
or established by the Engineer. 

The bin-type wall comprises prefabricated members 
with fittings and appurtenances for complete assembly 
in the field. The basic design of the wall refers to the 
length of wall spacers affecting depth of wall. 

MATERIALS 

612.02.01 General. The galvanized sheets used in 
fabricating the several members shall conform to the appli- 
cable requirements of AASHTO M36 (Corrugated Metal 
Culvert Pipe). Bolts, nuts, and miscellaneous hardware 
shall be galvanized. 

The various members shall be fabricated from speci- 
fied metal of the respective gages shown on the plans, 
but not lighter than 16 gage. In the absence of given gages 
or dimensions for any member, fitting, or appurtenance, 
the gage of metal or dimensions thereof shall be as 
required to fully develop the strength of the members 
whose gages and dimensions are given and which are 
used in structural combination. 

All members, fittings, and appurtenances shall be 
designed as integral units or parts of the whole assembly. 

CONSTRUCTION 

612.03.01 Fabrication. Metal bin-type retaining walls 
shall consist of a purality of pairs of columns, one column 
of each pair being in the plane of the front and the other 
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612 METAL BIN-TYPE RETAINING WALLS 

column being in the plane of the rear of the wall, with the 
pairs of columns spaced longitudinally with overlapping 
S-shaped facing and rear members (stringer) and trans- 
versely with overlapping U-shaped tie members (spacers). 
The necessary bolts and appurtenances shall be furnished 
for complete assembly of the units into a continuous closed 
face wall of connected bins. 

All members shall be so fabricated that members of the 
same nominal size shall be fully interchangeable. The 
members shall be so fabricated and punched that no 
drilling, punching, or drifting to correct defects in manu- 
facture will be required during field assembling and any 
members having improperly punched holes will be rejected 
and shall be replaced with properly punched members. 

612.03.02 Earthwork. Rough excavation for the site 
of the wall shall be made to the elevation of the finished | 
ground line at the face of the wall. Below this point, 
trenches eighteen (18) inches in width shall be excavated | 
for the four (4) sides of the bin. The bearing of the base | 
of the bin shall be firm and shall be approved by the 
Engineer before erection of the wall. 

Structure excavation and backfill for the interior of the 
bin and behind the wall shall conform to the requirements 
of Sections 206, “Structure Excavation,” and 207, “Back- | 
fill.” Backfilling behind the wall shall progress with the 
filling of the bins and shall not be carried ahead of the | 
binfill. Existing slopes, which are shaped so as to cause a 
wedge action in the backfill, shall be step-cut or benched | 
before backfilling. The limiting dimensions of structure 
backfill behind the wall shall be the same as those pre- 
scribed in subsection 207.04.01 for walls and abutments, | 
or as otherwise shown on the plans. 

612.03.03 Assembly. In the construction of a wall 
on a curve the proper curvature for the face shall be 
obtained by the use of shorter stringers in the front or 
rear panels of retaining walls as designated in the plans 
or by the Engineer. 
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METAL BIN-TYPE RETAINING WALLS 612 

The wall height and depth may be varied. Two or more 
designs of retaining walls may be incorporated in the 
same wall by the use of standard split columns to make 
the connection on the step-back. 

The units shall be erected as shown on the plans. Mem- 
bers shall be handled carefully and any which are dam- 
aged shall be removed and new members substituted at 
the Contractor’s expense. 

METHOD OF MEASUREMENT 

612.04.01 Measurement. The quantity of metal bin- 
type retaining wall measured for payment will be the 
number of square feet shown on the plans for each design 
type of wall, complete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

612.05.01 Payment. The accepted quantities of metal 
bin-type retaining walls measured as provided in sub- 
section 612.04.01, “Measurement,” will be paid for at the 

contract unit price bid per square foot for the type speci- 
fied. 

Structure excavation and structure backfill will be paid 
for in accordance with Sections 206, “Structure Excava- 

tion,” and 207, “Backfill.” 
All payments will be made in accordance with sub- 

section 109.02, “Scope of Payment.” 
Payment will be made under: 

Pay Item Pay Unit 

Metal Bin-Type Retaining Wall (type)........................-..- Square Foot 
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SECTION 613 

CONCRETE CURBS, GUTTERS, 
AND SIDEWALKS 

DESCRIPTION 

613.01.01 General. This work shall consist of con- 
structing curbs, gutters, sidewalks, local depressions, and 
driveways of the form and dimensions shown on the plans 
of Class A or Class AA concrete as shown in the proposal, 

mixed and placed as provided in Sections 501, “Portland 
Cement Concrete,” and 502, ‘‘Concrete Structures,” of 

these specifications with the following modifications and 
additional requirements. 

MATERIALS 

613.02.01 General. Materials shall conform to the 
applicable requirements of Sections 501, “Portland Cement 
Concrete,” 502, “Concrete Structures,” and 505, “Rein- 

forcing Steel.” 

CONSTRUCTION 

613.03.01 Earthwork. The subgrade shall be con- 
structed true to grade and cross section as shown on the 
plans or established by the Engineer. It shall be thoroughly 
watered and rolled or hand tamped until the subgrade 
reaches the compaction required for the adjacent road- 
way or base course. All soft and spongy material shall be 
removed to a depth of not less than six (6) inches below 
subgrade elevation for curbs, gutters, local depressions, 
and driveways and three (3) inches below for sidewalks, 
and the resulting space filled with earth, sand, or gravel 
of a quality that, when moistened and rolled or tamped, 
will form a firm and solid foundation. 

The completed subgrade shall be tested for grade and 
cross section by means of a template extending the full 
depth and supported on the side forms. The subgrade and 
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613 CONCRETE CURBS, GUTTERS, AND SIDEWALKS 

forms shall be thoroughly watered in advance of placing 
concrete. 

613.03.02 Existing Curbs, Gutters, and Sidewalks. 
Where the plans provide for reconstruction of existing 
curb and sidewalk and the limit of new work specified 
does not fall on a scoring line, the entire section shall be 
removed and the new curb and sidewalk shall join the old 
curb and sidewalk at the first scoring line beyond said 
specified limit. 

613.03.03 Forms. The depth of forms for curbs 
shall be equal to the full depth of the curb. The depth of 
outside forms for concrete gutters shall be equal to the 
full thickness of the gutter. Timber forms, if used, shall be 
surfaced on the side placed next to the concrete, and shall 
have a true smooth upper edge, and shall not be less than 
one and five-eighths (1%) inches thick after being sur- 
faced. Warped forms and forms not having a smooth, 
straight upper edge shall not be used. 

Benders or thin plank forms, rigidly placed, shall be 
used on curves, grade changes, or for curb returns. Steel 

forms shall not be used on radii less than two hundred 
(200) feet. 

Back forms for curb returns shall be made of one-half 
(1%) inch benders, for the full height of the curb, cleated 
together. Forms shall be carefully set to alignment and 
grade and to conform to the dimensions required. Forms 
shall be held rigidly in place by the use of pairs of iron 
stakes placed at intervals not to exceed four (4) feet. If 
metal forms are used, iron stakes shall not be spaced more 
than six (6) feet apart. Clamps, spreaders, and braces 

shall be used where required to insure rigidity in the forms. 
Forms shall not be removed until concrete has set suffi- 

ciently to prevent distorting or cracking. 
All forms shall be cleaned thoroughly each time they 

are used and coated with a light oil as often as necessary 
to prevent the concrete from adhering to them. 

613.03.04 Curb and Gutter Joints. Expansion joints 
one-half (12) inch wide shall be constructed in curbs and 
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CONCRETE CURBS, GUTTERS, AND SIDEWALKS 613 

gutters at ninety (90) foot intervals, at each side of struc- 
tures and at the ends of all curb returns except that expan- 
sion joints shall not be installed within twenty (20) feet 
of an island nose. Expansion joints shall be filled with joint 
filler strips one-half (2) inch thick conforming to the 
requirements of Section 707, “Joint Material,” of these 
specifications. Expansion joint filler shall be shaped to 
the cross section of the curb and gutter. 

Expansion joints shall be constructed at right angles to 
the line of the curb and gutter. 

613.03.05 Sidewalk Expansion Joints. Transverse 
expansion joints one-half (42) inch wide shall be con- 
structed at all sidewalk returns and opposite expansion 
joints in adjacent curb. Where curb is not adjacent, expan- 
sion joints shall be constructed at intervals of thirty (30) 
feet. 

Expansion joints shall be filled with joint filler strips 
one-half (2) inch thick conforming to the requirements 
of Section 707, “Joint Material,” of these specifications. 

The joint filler shall be placed with the top edge one- 
fourth (74) inch below the surface and shall be held in 
place by means of steel pins driven into the subgrade and 
spaced sufficiently close to prevent warping of the filler 
during floating. Upon completion of floating, the pins shall 
be removed and a suitable metal channel having legs not 
over three-fourths (34) inch long shall be fitted snugly 
over the joint filler. The metal channel shall remain in 
place until the finishing operations have been completed, 
after which it shall be removed and the joint edged with 
an edging tool having a radius of one-eighth (4%) inch. 

~ 613.03.06 Curb and Gutter Construction. In con- 
structing curbs, entrances for garages or driveways shall 
be constructed according to the dimensions shown on the 
plans. 

With the approval of the Engineer, the curb may be 
constructed by the use of a curb forming machine. 

The installation of precast concrete curbing shall meet 
the requirements herein prescribed. 
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613 | CONCRETE CURBS, GUTTERS, AND SIDEWALKS | 

Where plantmixed surfacing is to be placed around or 
adjacent to manholes, drop inlets, or catch basins in gutter, 
local depression, or driveway areas, such structures shall 

not be constructed to final grade until after the curbs and 
gutters have been constructed for a reasonable distance, 
as directed by the Engineer, on each side of the structure, 
in order to maintain a true grade for the surfacing to 
match. 

Where Portland cement concrete pavement is to be 
placed around or adjacent to manholes, drop inlets, or 
catch basins in gutter, local depression, or driveway areas, 
such structure shall not be constructed to final grade until 
after the concrete pavement has been constructed. 

Concrete curbs to be constructed over an existing pave- 
ment shall be anchored to the pavement by means of steel 
dowels firmly grouted, with 1:1 Portland cement grout, in 
holes drilled in the pavement. Dowels shall conform to the 
requirements of bar reinforcing steel of these specifications 
and shail be spaced and be of the size and length as shown 
on the plans. Approved expansion bolts may be used in 
lieu of dowels, at the option of the Contractor. 

The forms shall be filled to the top and the concrete 
shall be so handled that there will be no rock pockets. 
Concrete may be compacted by means of mechanical 
vibrators approved by the Engineer. Immediately after 
removing the front curb forms, the face of the curb shall be 

troweled smooth to a depth of not less than two (2) inches 
below the flow line or to the flow line of integral curb and 
gutter, and then finished with a steel trowel. The top shall 
be finished and the front and back edges rounded as shown 
on the plans. 

After the face of the curb has been troweled smooth, it 
shall be given a final fine brush finish with brush strokes 
parallel to the line of the curb. 

The top and face of the finished curb shall be true and 
Straight, and the top surface of curbs and gutters shall be 
of uniform width, free from humps, sags, or other irregu- 

larities. When a straightedge ten (10) feet long is laid on 
the top or face of the curb or on the surface of gutters, 
the surface shall not vary more than one-eighth (4%) inch 
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from the edge of the straightedge, except at grade changes 
or curves. 

The exposed surfaces shall be cured in accordance with 
the requirements of Section 502, “Concrete Structures.” 

613.03.07 Sidewalk Construction. The structures shall 
be finished to smooth and uniform texture by troweling 
and by floating with wooden floats, and, if so directed by 
the Engineer, by cross-brooming or burlap-finishing. The 
surface shall be lightly grooved or marked into squares or 
other shapes to match other such markings on similar 
existing structures in the vicinity, or as designated by the 
Engineer. 

When a ten (10) foot straightedge is placed on the side- 
walk, the surface shall not vary more than one-eighth (4) 
inch from the edge of the straightedge, except at grade 
changes, and the finished surface shail be free from blem- 

ishes. 
Immediately after the surface of the sidewalk is finished, 

the concrete shall be cured in accordance with the require- 
ments of Section 502, “Concrete Structures.” 

METHOD OF MEASUREMENT 

613.04.01 Measurement. The quantity of curb, gut- 
ter, shoulder strip, mountable curb, and combination curb 

and gutter measured for payment will be the number of 
linear feet along the base of the curb face or along the 
flow line of the gutter, and such measurement shall be 

continuous along such line extended across driveway and 
alley entrance returns. 

The quantity of sidewalk, driveway, loading zone, and 
steps shall be measured for payment by area in square 
yards. 

In the case of integral curb and walk, the width of the 
walk shall extend to the back face of the curb. In the case 
of steps, the area measured shall be the summation of the 

areas of the treads, computed by multiplying the width of 
the tread by the length of the tread out to out of integral 
wall, if any. 
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613 CONCRETE CURBS, GUTTERS, AND SIDEWALKS 

All quantities measured for payment herein will be com- 
plete and in place. 

All measurements will be made in accordance with sub- 

section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

613.05.01 Payment. The accepted quantities of con- 
crete measured as provided in subsection 613.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per linear foot for curb, gutter, shoulder strip, or 
mountable curb and per square yard for sidewalk, drive- 
way, loading zone, or steps as the case may be. 

All excavation and base course work required for and 
performed during construction of the items of this section 
will be paid for as provided in the respective sections of 
the specifications; however, when the contract does not 
provide bid items for excavation or base course, such work 
required and performed will be considered subsidiary to 
the pay item contained herein and no further payment will 
be made therefor. 

Any excavation or backfill required other than roadway 
quantities will be considered subsidiary to the major items 
of work and no further payment will be made therefor. 

Reinforcing steel placed in curbs and gutters as shown 
on the plans or ordered by the Engineer will not be paid 
for directly but the cost thereof shall be considered as 
included in the contract bid prices for other items of work. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(class) Concrete cCurbai nee5 34083 edie paths. ates) Linear Foot 
(class), ConeretexGilttetic seta ee ee ee Linear Foot 
(class) Concrete Curb and Gutter.............002..2.....-....------ Linear Foot 
(class) Concrete Sidewalk............000000000002.oe.eeeeeeeeee eee Square Yard 
(class) Concrete Driveway..............2..20222200000002-- esses eee Square Yard 
(class) Concrete Sidewalk and Driveway........................ Square Yard 
(class) Concrete Scored Shoulder Strip...........................- Linear Foot 
(class) Concrete Mountable Curb...........................22------- Linear Foot 
(class)"Concrete’ Loading ‘Zones. 222-22 eM eee’. Square Yard 
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SECTION 614 

PAINTING 

DESCRIPTION 

614.01.01 General. This work shall consist of the 
preparation of surfaces to be painted and the application, 
protection, and drying of the required number of coats of 
paint of the kinds and at the points specified or ordered 
by the Engineer. 

MATERIALS 

614.02.01 General. All materials shall meet or exceed 
the minimum standards hereinafter set forth: 

(a) Raw Materials. American Society for Testing 
Materials (ASTM) and Federal Specifications. 

(b) Prepared Paints. Federal Specifications are speci- 
fied to designate the type of material and standard of 
quality. Manufacturer’s standard, first grade materials 
meeting or exceeding these requirements may be used if 
approved by the Engineer. Materials not bearing manufac- 
turer’s identification as a standard, first grade product, of 
his regular line, will not be considered. 

(c) Proprietary materials when specified hereinafter by 
the manufacturer’s trade name designate the standard of 
quality and type of material required. When the quality 
or type of material required is not specified, the Con- 
tractor shall apply for directions as to selection of mate- 
rials and receive approval thereof from the Engineer 
before proceeding; only the best quality of such materials 
shall be used, as determined by the Engineer. 

(d) Materials lists shall be submitted to the Engineer for 
approval and none shall be used until such approval has 
been obtained. All materials proposed for use shall be 
delivered to the site in original containers, seals unbroken, 
stored where directed, and one may be used until approved 
by the Engineer. Materials that are not approved must be 
immediately removed from the jobsite. 
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614 PAINTING 

614.02.02 Number of Coats. Unless otherwise required 
in the contract documents, the number and kinds of coats 

of paint shall be as set forth in Section 714, “Paint.” 

CONSTRUCTION 

614.03.01 Weather Conditions. Paint shall be applied 
only on thoroughly dry surfaces and during periods of 
favorable weather. Except as provided below, painting will 
not be permitted when weather conditions during applica- 
tions are such that the atmospheric temperature is at or 
below forty (40) degrees Fahrenheit or when freshly 
painted surfaces may become damaged by rain, wind, 
dust, or condensation, or when it can be anticipated that 

the atmospheric temperature will drop below forty (40) 
degrees Fahrenheit, during the drying period. If fresh paint 
is damaged by the elements it shall be replaced by the 
Contractor at his expense. 

Subject to the approval of the Engineer in writing, the 
Contractor may provide suitable enclosures to permit 
painting during inclement weather. Provisions must be 
made to control atmospheric conditions artificially inside 
the enclosures within the limits suitable for painting 
throughout the painting operation. The cost of providing 
and maintaining such enclosures shall be considered as 
included in the prices paid for the various contract items 
of work and no additional payment will be made therefor. 

614.03.02 Application—General. All work shall be 
done by painters and finishers of established status and 
reputation for executing their work by the very best 
methods for each kind or type. Painting shall not be done 
except when the surface is dry and when weather condi- 
tions are satisfactory as set forth above. 

Strict adherence to these specifications and the recom- 
mendations of the manufacturer whose materials are used 
shall be followed in the application. The Contractor shall 
use such skills, equipment, materials, and give his thorough 
attention to details as will provide thoroughly workman- 
like and satisfactory results throughout. 
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PAINTING 614 

Work which shows carelessness, lack of skill and execu- 

tion, or which is defective due to any other cause shall be 
removed and refinished or repainted as directed without 
additional cost to the State. 

On all surfaces which are inaccessible for brushing, the 
paint shall be applied by sheepskin daubers especially 
constructed for the purpose, or by other means approved 
by the Engineer. 

If spray methods are used, the operator shall be thor- 
oughly experienced. Runs, sags, thin areas in the paint 
coat, or skips and holidays shall be considered as evidence 
that the work is unsatisfactory and the Contractor may be 
required to apply the remainder of the paint by brush. 

Mechanical mixers shall be used to mix the paint. The 
paint shall be mixed a sufficient length of time, prior to 
use, to thoroughly mix the pigment and vehicle together. 
Paint shall be kept thoroughly mixed while being applied, 
to keep the pigments in suspension. 

Paint specified or formulated shall be ready for applica- 
tion and thinning will be allowed only on direction of the 
Engineer. 

The Contractor shall protect all parts of the structure 
being painted against disfigurement by spatters, splashes, 
and smerches of paint or paint materials. When paint is 
being applied on structures carrying public traffic, the 
Contractor shall be responsible for any damage caused by 
his operations to passing vehicles or persons and may be 
required to use canvas shields or other protective means 
to guard against such damage. 

Paint stains which result in an unsightly appearance 
shall be removed by the Contractor at his own expense. 

614.03.03 Surface Preparation of Steel. The follow- 
ing methods of surface preparation apply to steel surfaces. 
Unless otherwise specified, the sandblasting method shall 
be used. 

(a) Sand Blasting. All dirt, mill scale, rust, stain, old 
paint, and other foreign material shall be removed from 
steel surfaces by an approved blast cleaning apparatus. 
Blast cleaning shall be sufficient to give the surface the 
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appearance of unpolished cast aluminum and/or com- 
mercial blast cleaning according to Steel Structure Paint- 
ing Council, SSPC Specification SP—6, Photo Vis 14 B 
Sa 2 Commercial. 

Abrasives used for such blast cleaning shall be either 
clean dry sand, mineral grit, steel shot, or steel grit, at 
the option of the Contractor, and shall be of a grading — 
suitable to produce satisfactory results. The use of abra- 
sives other than those specified herein will not be per- 
mitted unless approved in writing by the Engineer. 

When sandblasting is being performed on structures 
open to traffic, the Contractor shall provide suitable pro- 
tective devices to prevent damage to traffic. 

When sandblasting is being performed near machinery, | 
all journals, bearings, motors and moving parts shall be 
sealed against entry of sand dust before sandblasting | 
begins. 

Unless otherwise authorized by the Engineer, sand- 
blasted surfaces shall be primed or treated the same day 
sandblasting is done. If cleaned surfaces rust before paint- 
ing is accomplished, they shall be recleaned by the Con- 
tractor. | 

(b) Washes. Rust-inhibitor chemical washes shall be 

applied to freshly sandblasted steel surfaces prior to the | 
application of the first undercoat of paint, except when- 
ever the first undercoat of paint is applied to the cleaned | 
surfaces within a four (4) hour period after cleaning, | 
washes will not be required. Washes shall be applied in | 
not more than four (4) hour intervals. If in the opinion 
of the Engineer, atmospheric conditions are such that 
corrosion products form on freshly sandblasted surfaces in 
less than four (4) hours, treatment may be required at | 
more frequent intervals. | 

Rust-inhibitor chemical washes may be applied by brush | 
or spray, and they shall be applied in a careful manner to 
insure that all surfaces are covered. 

During the application of the rust-inhibitor chemical 
wash no sandblasting will be permitted to the areas being | 
treated. 
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No paint shall be applied until after the treated surfaces 
have thoroughly dried. 

The first undercoat of paint shall be applied to the 
treated surfaces the same day that cleaning and washing 
have been done. 

(c) Steam Cleaning. All dirt, grease, loose chalky 
paint, or other foreign material which has accumulated on 
the previously painted surfaces shall be removed with an 
approved steam cleaning apparatus which shall precede 
all other phases of cleaning. 

It is not intended that sound paint be removed by this 
process. Subsequent painting shall not be performed until 
the cleaned surfaces are thoroughly dry and in no case in 
less than twenty-four (24) hours after cleaning. 
A detergent soap consisting of forty-five (45) percent 

sodium metasilicate, forty-three (43) percent sodium 
sesquisilicate, ten (10) percent sodium tetraphosphate and 
two (2) percent Naccanol shall be added to the feed water 

of the steam generator at the approximate rate of one (1) 
pound of detergent per two hundred (200) pounds of 
water. 

Any residue which may accumulate on cleaned surfaces 
shall be removed by flushing with fresh water but washing 
down the cleaned surfaces will not otherwise be required. 

(d) Hand Cleaning. All dirt, loose rust, and mill scale, 
dead paint, or paint which is not firmly bonded to the 
metal surfaces shall be removed by wire brushes, either 
hand or powered, hand scraping tools or sandpaper. 

Pneumatic chipping hammers will not be allowed unless 
authorized in writing by the Engineer. Hand cleaning shall 
be sufficient to remove all loose material which would 
prevent the bond of succeeding coats of paint. 

If the amount of steel to be painted exceeds one 
hundred (100) tons the surface shall be prepared by 
method (a), “Sand Blasting;” however, if the amount to be 
painted is one hundred (100) tons or less the surface may 
be prepared by method (d), ““Hand Cleaning.” 

614.03.04 Painting Structural Steel. 
(a) Paint. Unless otherwise required in the contract 
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documents, the paints to be applied to steel surfaces shall 
conform to the requirements of Section 714, “Paint.” The 
undercoats shall consist of a minimum dry film thickness 
of one (1) mil per coat. The finish coat shall consist of a 
minimum dry film thickness of one (1) mil. The total thick- 
ness of all coats shall be not less than three (3) mils. 

Excessively thick coats of paint will not be permitted. 
The thickness of each coat shall be limited to that which 
will result in uniform drying throughout the paint film. 

(b) Field Cleaning. Unless otherwise specified in the 
contract documents, after erection and riveting or weld- 
ing, all surfaces of unpainted structural steel which will 
be exposed to air, shall be sandblasted in accordance with 
the requirements of subsection 614.03.03, “Surface Prepa- 
ration of Steel.” 

Any damage to sound paint, on areas not designated 
for treatment, resulting from the Contractor’s operations, 
shall be repaired to the satisfaction of the Engineer. 

(c) Painting. Painting of structural steel prior to erec- 
tion will be limited to surface preparation and one under- 
coat of paint. Any deficiencies in the first coat of paint 
shall be corrected to the satisfaction of the Engineer, prior 
to the application of succeeding coats of paint. 

Surfaces exposed to the atmosphere which would be 
inaccessible for painting after erection shall be painted 
the full number of coats prior to erection. 

The surface of the paint coat being covered shall be free 
from moisture, dust, grease, or any other deleterious mate- 
rial which would prevent the bond of the succeeding paint 
coats. In spot painting, any old paint which lifts after 
application of the first spot coat shall be removed by 
scraping and the area repainted before application of the — 
next coat. 

The application of the finish coat will not be permitted 
until the required total film thickness of the undercoats 
of paint, as described in (a), above, is obtained. 

Open seams at contact surfaces of built-up members 
which would retain moisture shall be caulked with red 
lead paste before applying the second undercoat of paint. | 
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Metal surfaces embedded in concrete need not be 
painted. 

(d) Machine Finished Surfaces. With the exception of 
abutting chord and column splices and column and truss 
shoe bases, machine finished surfaces shall be coated with 
a rust inhibitor which can be easily removed. Surfaces of 
iron and steel castings which have been machine finished 
shall be painted with a coat of shop paint. 

(e) Frames and Grates. Prior to installation, all sur- 
faces of frames and grates exposed to the atmosphere shall 
be painted with two (2) coats of paint. Unless otherwise 
specified in the contract documents, the exposed surfaces 
shall be painted after installation with one finish coat as 
specified for structural steel. 

614.03.05 Painting Timber. 

(a) Paint. All new timber requiring painting shall be 
painted with three (3) coats of paint. The paint used for 
various coats will be as specified in these specifications or 
in the contract documents. 

(b) Preparation of Surfaces. All cracked or peeled 
paint, loose chalky paint, dirt, and other foreign matter 
shall be removed by wire brushing, scraping, or other 
approved means immediately prior to painting. Unpainted 
timber shall be thoroughly dry before paint is applied. 

(c) Painting. When permitted in writing by the Engi- 
neer, the first coat of paint may be applied prior to erec- 
tion. 

After the first coat has dried and the timber is in place, 
all cracks, checks, nail holes, etc., shall be puttied flush 

with the surface and allowed to dry before the second 
coat is applied. 

Skips, holidays, thin areas, or other deficiencies in any 
one coat of paint shail be corrected to the satisfaction of 
the Engineer before the succeeding coat is applied. 

The surface of the paint coat being covered shall be 
free of any deleterious material before any additional paint 
is applied. 
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BASIS OF PAYMENT 

614.05.01 Payment. No direct payment will be made 
for painting, cleaning structural steel, or preparing sur- 
faces for painting. Compensation for this work shall be 
considered as included in the contract unit prices bid for 
the particular item requiring painting. 
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SECTION 615 

PRESERVATIVE TREATMENTS FOR TIMBER 

DESCRIPTION 

6135.01.01 General. This work shall consist of pre- 
servative treatment for lumber, timber, and piles as herein 
specified. 

MATERIALS 

615.02.01 General. The materials used shall be those 
prescribed for the several items which constitute the fin- 
ished work and shall comply with all the requirements for 
such materials as set forth in these specifications. 

Attention is directed to Section 719, ‘Timber Preserv- 
atives.” 

CONSTRUCTION 

615.03.01 Treatment. All structural timber, piling, 
and other lumber shall be thoroughly seasoned or condi- 
tioned before treatment by air seasoning, kiln drying, 
steaming, or heating in the preservative, either at atmos- 
pheric pressure or under a vacuum, or by a combination 
thereof that will not cause damage. The moisture remain- 
ing in the wood, prior to treatment, shall be reduced so 
that the injection and proper distribution of the required 
amount of preservative will be obtained. The method of 
seasoning, conditioning and treating used shall conform to 
the Federal Specification TT—W-—571. 

615.03.02 Amount of Preservative. The minimum 
amount of preservative retained per cubic foot of timber, 
lumber, or piling shall conform to the minimum specifica- 
tion requirements of the Federal Specification TT—W—571. 

Unless otherwise specified, material treated with penta- 
chlorophenol shall have a minimum retention of eight (8) 
pounds unless it is to be painted, then six (6) pounds will 
be the minimum retention. 
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Material to be treated with Ammoniacal Copper Arse- 
nite shall have a net retention of dry salts of not less than 
0.3 pounds. 

615.03.03 Preservative Treatment by the Hot-Cold 
Soaking Method. When called for on the plans, all lum- 
ber and timber to be treated by the hot-cold soaking 
method must be reasonably well seasoned and free from 
outer and inner bark, dirt, grease, or other objectionable 
matter which will in any way hinder the free penetration 
of the preservative. All lumber and timber of two (2) inch 
dimensional stock or larger shall be incised and all framing 
shall be done before treatment. 

The preservative used shall be a five (5) percent con- | 
centration of pentachlorophenol. 

The tanks used shall be of sufficient size to permit com- 
plete submergence of the largest timber in any operation | 
and to allow free circulation of the liquid around the tim- 
ber being treated. Sufficient liquid shall be maintained in 
the tank to completely submerge the timber to a minimum | 
depth of six (6) inches. When a number of pieces are being | 
treated at one time, each piece shall be separated from the | 
others on all sides by spacers not less than one-fourth (4) | 
inch in least dimension. Suitable weights or cross bracing 
shall be provided to keep the material submerged. 

The timber or lumber shall be submerged in the cold 
solution as previously described. The temperature shall be | 
slowly increased for a period of not less than five (5) 
hours to a minimum temperature of one hundred eighty 

4 
| 

(180) degrees Fahrenheit and not exceeding two hundred | 
ten (210) degrees Fahrenheit. After five (5) hours and | 

attaining the minimum specified temperature, the timber | 
or lumber shall be permitted to cool in the solution until | i 
such time as the minimum specified quantity of preserva- | 

tive is absorbed by the wood. 
Timber for minor irrigation structures, unless otherwise 

shown on the pians, shall be No. 1 common grade of the 
species permitted, and shall be treated in accordance with 
the Hot-Cold Soak Process. The species permitted and the 
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minimum retention in pounds per cubic foot required are 
as follows: 

Min. Retention 
per Cubic Foot 

Species (pounds) 

Douglas Fir (Rocky Mountain, Inland, or Coast)....... ee 2.0 
Pie Y COW CL INia rr ONUCTOSA Jie cee ee ee oe 4.0 
Pines dodge) Polei(PinusiContorta) -work...dal- cies 4.0 
Cottonwood, Northern Black (Populus 

A iit Fel Career) SETS Ly Ra a eS REG eT Ot earn 4.0 

615.03.04 Inspection. All timber and piling, untreated 
or to be treated, shall be inspected before treatment by 
an inspector designated by the Engineer. The inspector 
shall stamp each piece of timber accepted with a stamp 
making a legible mark designating the inspector. 

All timber and piling shall be inspected after treatment 
by an inspector designated by the Engineer. The inspector 
shall stamp each piece accepted with a stamp making a 
legible mark designating the inspector. 

All materials and processes used in the manufacture of 
material shall be subjected to inspection, acceptance, or 
rejection at the manufacturer’s plant, which shall be 
equipped with all the necessary gages, appliances and 
facilities to enable the inspector to satisfy himself that the 
requirements of the specifications have been fulfilled. 

The treated timber and piling shall be free from heat 
checks, water bursts, excessive checking, results of chafing 
or from other damage or defects which would impair its 
usefulness or durability. 

BASIS OF PAYMENT 

615.05.01 Payment. Full compensation for treat- 
ment of lumber, timber, and piles as herein specified shall 
be considered as included in the price paid for the par- 
ticular item of work in which the treated lumber, timber, 

or piling is used and no additional allowance will be made 
therefor. 
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SECTION 616 

FENCING 

DESCRIPTION 

616.01.01 General. This work shall consist of fur- 
nishing and erecting new standard fence, chain-link fence, 
gates, or reconstructing fences previously removed in con- 
formity with these specifications and the plans. 

New standard fence shall consist of galvanized barbed 
wire, galvanized farm fence or both fastened to wood posts 
‘or metal posts or to a combination of the two kinds of 
posts as shown on the standard plans. 

Chain-link fence shall consist of galvanized chain-link 
fabric attached to metal posts and fastened to a top ten- 
sioning cable and a bottom tensioning wire. The height of 
chain-link fences shall be as designated in the contract 
documents. 

MATERIALS 

616.02.01 General. Materials shall conform to the 
requirements specified in Sections 724, “Fence Materials,” 
and 501, “Portland Cement Concrete.” 

CONSTRUCTION 

616.03.01 General. All trees, brush, and _ other 
obstructions which interfere with proper construction of 
fences shall be removed and disposed of in accordance with 
the requirements of Section 201, “Clearing and Grubbing,” 
of these specifications except that no payment will be made 
for such work. When constructing chain-link fence, rocks 
and other surface irregularities that require moving in 
order to maintain a nearly smooth surface, shall be removed 
and no direct payment will be made therefor. 

Fence construction operations shall be so conducted as 
to prevent the escape of livestock. Existing cross fences 
shall be connected to the new fence. Corner posts, with 
braces for every direction of strain, shall be placed at the 
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junction with existing fences and the wire in both fences | 
properly fastened to the posts. At bridges and cattle passes, 
and at culverts if shown on the plans or ordered by the | 
Engineer the new fence shall be connected to the structure | 
in such a manner as to permit the free passage of livestock | 
through or under the structure. : 

Barbed wire, farm fence, and chain-link fence fabric 

shall be fastened on the side of the posts opposite the | 
highway centerline unless otherwise directed by the Engi- | 
neer. 

Post holes for metal posts that are drilled or dug shall | 
be backfilled with Class A or AA concrete or grout. 

Each strand of barbed wire shall be securely fastened | 
to a braced post at each intermediate braced post assembly | 
be wrapping twice around the post then securing to that — 
part of the same wire stretched between posts. The remain- | 
ing wire shall be cut off and the tie shall present a neat | 

and workmanlike appearance. | 
Galvanized pipe brace rail shall not be spliced. | 
The first line of barbed wire above wire mesh shall be | 

tied to the top wire of the wire mesh, midway between | 
posts, with 12 gage galvanized steel wire or 9 gage alumi- | 
num hog rings. 

Intermediate Braced Post Assemblies—Timber: The | 
horizontal brace shall be placed six (6) inches below the 
tops of the brace posts and properly fitted and connected | 
to them by two three-eighths (%) inch by four (4) inch 

steel dowels. The dowel pins shall extend two (2) inches | 
into each brace and brace post. Two strands of 8 gage 
galvanized wire shall be run as a brace diagonally from | 
four (4) inches above ground line on each brace post to _ 
four (4) inches below the top of the other brace post. An 
extra loop shall be made around each post at the point of 
attachment and the wire firmly stapled to the post. These 
brace wires shall then be twisted until the assembly is | 
rigid. | 

Corner post assemblies shall be constructed as indicated | 
on the standard fence details and the end post assemblies | 
shall be composed of end posts and brace posts installed | 
and braced as indicated for timber corner braces. 
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At the option of the Contractor, timber line posts may 
be installed by tamping firmly in place in drilled or dug 
holes or by driving, provided the method of driving does 
not damage the posts or cause the posts to be deflected 
from line and plumb. All other timber posts shall be 
installed in drilled or dug holes and tamped firmly in 
place. Round timber posts installed in drilled or dug holes 
shall have the butt end placed downward. Timber line 
posts which are to be driven, shall be machine pointed at 
the plant before being treated. The small end of driven 
round timber posts shall be pointed. 

Each strand of barbed wire shall be securely fastened to 
a corner post, end post, or intermediate braced post assem- 

bly by wrapping twice around the post and securing to that 
part of the same wire stretched between the posts. The 
remaining wire shall be cut off and the tie shall present a 
neat and workmanlike appearance. 

Staples shall be set so as to hold the wire securely, but 
should not be buried in the post in such a manner as to 
severely nick or bend the wire. 

616.03.02 Standard Fence. Standard fencing shall be 
designated by types as follows: Metal posts—Type A; 
Wood posts—Type B; Combination metal and wood posts 
—Type C. The type of fence construction shall be as 
shown on the plans and indicated in the proposal. Posts 
shall be firmly set or driven into the ground and spaced as 
indicated on the plans. Each end, corner, and gate post 
shall be firmly braced and shall be set in concrete when 
required. Posts shall be braced as indicated on the plans. 

Standard fencing will be designated not only by type, 
but also by a symbol indicating the fencing required. Thus 
(Type A—832-—3B) will be used to designate a fence com- 
posed of metal posts, thirty-two (32) inch woven wire 
(farm fencing) and three barbed wires; (Type C—726—4B) 
to designate a fence composed of a combination of metal 
and wood posts twenty-six (26) inch woven wire and four 
barbed wires, etc. The figures 832, etc., when they appear 
in the symbol, correspond to design numbers set forth in 
the standard plan. 
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In general, in determining the post spacing, measure- | 
ments will be made parallel to the slope of the natural | 
ground, and all posts shall be placed in vertical position 
except in unusual locations where in the opinion of the | 
Engineer it would be more satisfactory to place the posts 
perpendicular to the slope of the ground. All intervals shall 
be measured center to center of adjacent posts. 

Changes in line where the angle of deflection is thirty 
(30) degrees or more shall be considered as corners and 

——— + +-—-—- -- 

corner posts shall be installed. Changes in line where the | 
angle deflection is more than fifteen (15) degrees and less | 
than thirty (30) degrees shall be considered as alignment | 
angles and adjacent posts shall be made fast to the angle | 
posts by means of wire, or if such method is impracticable | 
in the opinion of the Engineer, such posts shall be braced | 
as above specified for bracing gate, end and corner posts. 

At all grade deflections and alignment angles where 
stresses tend to pull the posts from the ground, the fencing 
shall be snubbed or guyed at the critical point by means of | 
a double strand of 9 gage galvanized wire connected to | 
each horizontal line of barbed wire or to the top and bot- | 
tom of wire mesh fabric, and to a deadman weighing _ 
approximately one hundred (100) pounds, buried in the | 
ground not less than two (2) feet. The fencing shall be 
pulled snug close to the ground before being snubbed or 
guyed. 

Barbed wire and farm fence fabric (woven wire) shall | 
be stretched taut and securely fastened to each post by | 
means of suitable devices approved by the Engineer. 

616.03.03 Chain-Link Fence. All posts shall be of a | 
total length of not less than the depth of the concrete foot- _ 
ing as shown on the plans, plus the length required above | 
ground. 

Changes in line where the angle of deflection is thirty | 
(30) degrees or more shall be considered as comers and | 
corner posts shall be installed. 

Between posts, chain-link fences shall be fastened to a | 
bottom tension wire and a top tension cable. The bottom | 
tension wire shall be at least 7 gage galvanized coil spring | 
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wire of good commercial wire. The top tension cable shall 
be at least three-eighths (%8) inch diameter galvanized 

seven (7) strand cable conforming to the requirements of 
the current ASTM Designation A475 common grade. 

Line posts shall be spaced at not more than ten (10) 
foot intervals, measured from center to center of posts. In 
general, in determining the post spacing, measurements 
will be made parallel to the slope of the natural ground, 
and all posts shall be placed in a vertical position except 
in unusual locations where in the opinion of the Engineer 
it would be more satisfactory to place the posts perpendic- 
ular to the slope of the ground. 

All metal posts shall be set in Class A or AA Portland 
cement concrete footing crowned at the top to shed water. 
Depths of footings shall be as shown on the plans. 

End, corner, and gate posts shall be braced with gal- 
vanized braces used as compression members and galva- 
nized steel truss rods with truss tighteners used as tension 
members. Line posts, at intervals of five hundred (500) 
feet, shall be braced and trussed in both directions as 
shown on the plans. 

The fabric shall be stretched taut an Masts fastened 
to the posts, and between posts the top edge of the fabric 
shall be fastened to the top tension cable and the lower 
edge fastened to the bottom tension wire. Tension cable 
and wire shall be stretched tight with truss tightener as 
shown on the plans. The bottom tension wire shall be 
installed on a straight grade between posts by excavating 
the high points of the ground and in no case will filling of 
depressions be permitted. 

The fabric shall be fastened to the end, corner, and gate 
posts with one-fourth by three-fourths (44 x 94) inch steel 
stretcher bars and not less than one-eighth by three-fourths 
(4% x 3%) inch steel stretcher bar bands placed at one (1) 
foot intervals, and to line posts tension cable and tension 
wires with tie wires or metal bands. Tie wires or metal 
bands shall be spaced on line posts at intervals of approx- 
imately fourteen (14) inches and on tension cables and 
tension wires approximately eighteen (18) inches. 

All posts shall be fitted with tops designed so as to fit 
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securely over the posts, and carry the top tension cable, 
except that the top of the H-section posts may be open- 
slotted in such a manner as to securely hold the top tension 
cable in position without vertical movement. Such slotting 
shall allow removal and replacement of a post without dis- 
turbing the top tension cable. Tubular posts shall be fitted 
with watertight tops. 

616.03.04 Reconstruct Fence. Reconstructed fences 
shail be carefully erected, using salvaged materials and 
shall be similar in type to the original construction. Any 
new materials necessary to rebuild the fence shail be fur- 
nished by the Contractor, shall be of the same kind as 
those in the original fence, and the cost thereof shall be 
included in the contract price for the work. The resulting 
reconstructed fence shall be equal to or better than before | 
removed. In reconstructed fences, the Department reserves | 
the right to furnish the Contractor with such new materials 
as it deems advisable, and these materials shall be used in | 

the reconstruction of the fence in lieu of salvage materials 
which they replaced. 

616.03.05 Gates. The width of drive gates shall be 
as shown on the plans and as indicated in the proposal and 
the height shall be suited to the fencing but shall not be | 
more than seventy-two (72) inches nor less than forty-eight 
(48) inches. The wire mesh filler shall be rectangular or 
two (2) inch diamond mesh for standard fencing and chain- | 
link fence fabric for chain-link fencing. 

Walk gates shall be three and one-half (312) feet wide 
and of a height corresponding to the adjacent fence height. | 

The gates shall be hung by steel or malleable iron hinges | 
so designed as to securely fasten to the gate posts and | 
permit the gate to swing back against the fence. 

Gates shall be provided with a combination steel or 
malleable iron catch and locking-in attachment of approved — 
design. A center rest with catch shall be provided where | 
required. 

Missouri gates shall be constructed as shown on the | 
standard plan. 
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METHOD OF MEASUREMENT 

616.04.01 Measurement. The quantity of new fence 
measured for payment will be the number of linear feet, 
exclusive of gates and cattle guards, complete and in place. 

The quantity of reconstructed fence measured for pay- 
ment will be the number of linear feet, including used gates, 

complete and in place. 
The quantity of new gates measured for payment will 

be the number of gates complete and in place. If more than 
one size or type of gate is involved, separate measurement 
will be made for each size and type given. 

Missouri gates, regardless of width, shall be measured 
for payment as units. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

616.05.01 Payment. The accepted quantity of new 
and reconstructed fence measured as provided in subsec- 
tion 616.04.01, “Measurement,” will be paid for at the 
contract unit price bid per linear foot for the types and 
sizes specified. 

The accepted quantity of new gates measured as pro- 
vided in subsection 616.04.01, “Measurement,” will be 
paid for at the contract unit price bid per each for types 
and sizes specified. 

The above prices shall be full compensation for furnish- 
ing hardware, cement, concrete, framing, erecting, connect- 

ing fence, and all incidentals necessary to complete the 
work. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 
Pay Item Pay Unit 
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SECTION 617 

CATTLE GUARDS 

DESCRIPTION 

617.01.01 General. This work shall consist of fur- 
nishing and constructing standard steel cattle guards and 
cattle guard wings of the design and at points shown on 
the plans or ordered by the Engineer. 

MATERIALS 

617.02.01 General. All materials shall conform to 
the requirements specified in the following sections: 

Bese lATICh (OMG: @OMCTELC ieee too es eeScxcceegneuuss eaaeste Section 501 

Reet IECiti ga Pele ee? ee ee Section 505 
preel Structures..27)3 5644 GCO0R SY MVE oe. Section 506 
oe EAI ek dese coy aconl We ap Oa A eS ee ee a Section 723 

Sets peat pl emenmemnnt liar aeeds EE natal memati gah AO aan Section 614 
Paimtls Sih iovie JO i 9GRINY 9h 2G BIW JUOMAY Section 714 

Portland cement concrete shall be Class A or Class AA, 

unless otherwise provided. 
All hardware shall be galvanized steel. 
All lumber and timber shall be Douglas Fir, No. 2 joist 

and plank or No. 1 structural posts and timber. Any com- 
mercial grading rules that will provide material of an 
equal or greater stress value may be used. 

CONSTRUCTION 

617.03.01 Earthwork. Structure excavation and back- 
fill shall conform to the applicable requirements of Sec- 
tions 206, ‘‘Structure Excavation,” and 207, “Backfill.” 

617.03.02 General. Cattle guards shall be con- 
structed in accordance with the details and dimensions 

shown on the plans. 
Concrete and metal reinforcement construction shall 
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CATTLE GUARDS 617 

conform to the applicable requirements of Sections 502, 
“Concrete Structures,” and 505, “Reinforcing Steel,” 

respectively. 

Steel member connections shall be welded and the con- 

struction thereof shall conform to Section 506, “Steel 
Structures.” 

The wing posts and wheel guards shall be given a pre- 
servative treatment conforming to the requirements of 
Section 719, “Timber Preservatives.” Treated timber and 

lumber is not to be painted. 

Timber and lumber shall be assembled and placed in 
conformance to the applicable requirements of Section 
507, “Timber Structures.” 

Painting shall be in accordance with recognized high 
standards of workmanship and in conformance with the 
applicable requirements of Section 614, “Painting.” 

METHOD OF MEASUREMENT 

617.04.01 Measurement. The quantity to be meas- 
ured for payment will be the number of steel cattle guards 
or cattle guard wings complete and in place. If more than 
one size of cattle guard is involved, separate measurement 
will be made of each size given. z 

All measurements will be made in accordance with sub- 
section 109.01, ‘““Measurement of Quantities.” 

BASIS OF PAYMENT 

617.05.01 Payment. The accepted quantity of cattle 
guards measured as provided in subsection 617.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per each for the sizes specified. The cost of cattle 
guard wings shall be included in the contract unit price 
for cattle guards, however, where wings alone are required, 
they will be paid for at the contract unit price each for 
cattle guard wings. The above prices shall be full com- 
pensation for furnishing hardware, cement concrete, steel, 
timber and lumber, structure excavation and backfill, fur- 

ace 



617 CATTLE GUARDS 

nishing and applying paint, framing, erecting, adjusting 
fence, and all incidentals necessary to complete the work. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 
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SECTION 618 

GUARDRAIL 

DESCRIPTION 

618.01.01 General. This work shall consist of fur- 
nishing and erecting new guardrail, end anchor assemblies, 
guardrail expansion joints, breakaway cable terminals and 
additional guardrail beam elements required for con- 
structing double beam rail, or reconstructing guardrail 
previously removed, in conformity with these specifica- 
tions and of the types and at the points shown on the plans 
or ordered by the Engineer. This item shall also consist of 
furnishing and installing reflector plates as shown on the 
plans. 

MATERIALS 

618.02.01 General. All material shall conform to 
the requirements specified in the following sections: 

Mittipeeies 2 tT) I ACES OF Ak pol Un iil St Section 718 
MAMIDED PTESCEVALIVeS ea 5.2 eh. oes gene soon cp dna ne ences sooo Section 719 
PRACT WiateliadS ie eet eae ae re ee Section 720 
Galvanizing20¢ 28.1 92108 5 fi 2)20G, 2 DiS 30) AVEO: Section 715 

Guardrail posts and blocks shall be rough construction 
grade and shall comply with the grading requirements of 
subsection 718.03.02. 

Cable end anchor assemblies for metal beam guard rail- 
ing shall be constructed as shown on the plans and shall 
conform to the requirements set forth in subsection 720.- 
03.04. ' 

Each post, after fabrication, shall be given a preservative 
treatment by pressure processes with one of the following 
in accordance with the provisions of Section 615, “Pre- 

servative Treatments for Timber.” 
The minimum retention of preservative in pounds per 

cubic foot of wood shall be as follows: 
(a) Creosote—8 pounds. 
(b) Creosote-Petroleum—8 pounds. 
(c) Pentachlorophenol—8 pounds. 
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618 GUARDRAIL 

Guardrail quantities shown on the plans are approxi- 
mate. As construction progresses the Engineer will review 
the need for guardrail and will, at the completion of this 
review, provide the Contractor with the revised amount 
of guardrail required. Should the Contractor elect to order 
guardrail materials prior to receiving this revised list from 
the Engineer he shall be completely responsible for furnish- 
ing the amount of guardrail and appurtenances required 
by said list. Should additional quantities be required to 
meet the requirements of the list there shall be no addi- 
tional compensation allowed above the unit price bid and 
no compensation shall be allowed for surplus materials in 
excess of the requirments of the list. 

618.02.02 Reflectors. Reflector plates shall be con- 
structed and erected on guardrail in accordance with the 
details shown on the plans and in the Standard Specifica- 
tions and shall be spaced as follows: 

(a) Fifty (50) feet on tangents and curves of seven 
hundred (700) feet radius or greater. 

(b) On curves with less than seven hundred (700) feet 
radius, markers shall be placed on the post nearest the 
spacing shown for guide posts in Table 1, as shown in the 
plans. 

(c) At interchanges, guardrail markers with amber 
reflectors shall be installed at a maximum spacing of fifty 
(50) feet along acceleration and deceleration lanes, and 

in accordance with paragraph (b) on turning ramps and 
roadways. 

Reflectors shall be white except as noted in (c) above. 

CONSTRUCTION 

618.03.01 General. Unless otherwise specified, guard- 
rail shall be constructed with either treated Douglas Fir, 
West Coast Hemlock, or Western Larch posts, beam-type 
plates and fittings, as shown on the plans. Post spacing 
shall be as shown and guardrails shall be constructed in 
accordance with the design shown on the plans. The use 
of more than one type of guardrail on a single project will 
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GUARDRAIL 618 

not be approved unless so provided in the special pro- 
visions Or appearing as a contract item in the proposal. 

Posts shall be set plumb, except on superelevated curves 
where they shall be set perpendicular to the roadbed. Front 
faces of posts shall form a straight line, except on curves 
where they shall be a uniform distance from the centerline 
of the roadway. Post holes shall be backfilled in layers 
with approved material thoroughly rammed with an iron 
tamping tool in such manner as not to displace the bottom 
of posts from correct alignment. 

Guardrail beam elements may be furnished in twelve 
and one-half (1212) foot or twenty-five (25) foot lengths 
at the option of the Contractor. 

Cable end anchor assemblies for metal beam guard 
railing shall be constructed as shown on the plans and as 
specified herein. 

Cable clips and a cable thimble shall be used to attach 
cable to the anchor rod. 

After installation and before backfilling, the portion of 
the anchor rod to be buried in earth shall be coated with a 
minimum 20-mil thickness of coal tar enamel conforming 
to AWWA Standard: C203. 

Metal components of the anchor assembly shall be fab- 
ricated in conformance with good shop practice and shall 
be hot-dip galvanized in accordance with the provisions in 
Section 715. 

Anchor blocks shall be constructed of Class A or AA 
concrete conforming to the provisions in Sections 501 and 
202: 

Concrete shall be placed against undisturbed material 
of the excavated holes for anchor blocks. The top twelve 
(12) inches of holes shall be formed, if required by the 
Engineer. 

Surplus excavated material remaining after the guard 
railing has been constructed shall be disposed of in a man- 
ner satisfactory to the Engineer. 

The overall length of each anchor cable assembly shall 
be a minimum of ten (10) feet. 

Workmanship shall be first class in all respects and 
framing shall be done and fittings attached in such manner 

5/4 



618 GUARDRAIL 

that the rail, after erection, shall be true to line and grade 
and shall have the proper tension in the rail plates. Care 
shall be taken to prevent the disturbance of posts during 
the erection of the rail, and, when necessary, temporary 

braces shall be installed to insure against post displace- 
ment. 

618.03.02 Painted Guardrail. (a) Field Painted. 
After erection, all metal parts and fittings, free from coat- 

ings of any kind, including dirt, rust, and oil and grease, 
shall be given three coats of paint as specified in Section 
714, “Paint.” Parts shop prime coated by the manufacturer 
shall conform to subsection 614.03.04, “Painting Struc- 
tural Steel,” and Section 714, “Paint.” 

Posts shall not be painted. 
All beams shall be cleaned prior to priming by wiping 

down the surface with solvents such as naptha, white (lead- 
free) gasoline, or detergent. Detergents may be of the type 
commonly used in washing machines; however, if deter- 
gent is used, it shall be thoroughly rinsed from the rail 
with clear water.. 3 

All loose white deposit shall be removed with a stiff 
brush (not steel), steel wool, or sandpaper. Care shall be 
exercised so as not to remove zinc coating. 

Intermediate and finish coats shall be as specified in 
Section 614, “Painting.” Surfaces to be painted shall be 
dry and the temperature during priming, painting, and for 
six (6) hours thereafter shall not be below fifty (50) degrees 
Fahrenheit. 

After the posts are set, the exposed portions shall be 
wrapped or otherwise protected to the satisfaction of the 
Engineer so that they shall remain free from paint, road 
oil, and other objectionable material. After all other work 
is completed and prior to the semifinal inspection, the 
wrapping or protection shall be removed. All posts that 
have paint, road oil, or other objectionable materials on the 
exposed surface or that do not otherwise meet the required 
specifications shall be cleaned or removed, as the case may 
require, at the Contractor’s expense. 
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GUARDRAIL 618 

All exposed surface of the metal guardrail that has 
become soiled or marred shall be cleaned or repainted at 
the expense of the Contractor as required by the Engineer. 

After the rail has been painted as specified, nuts fasten- 
ing rail plate to springs shall be backed off slightly so that 
the connection is firm but not tight and will permit the 
slight movement necessary to absorb expansion and con- 
traction of the rail. 

New guardrail beam elements shall be galvanized both 
sides, cleaned, primed and painted on the side facing 
traffic. . 

Priming. 
The cleaned galvanized surface shall be given a prime 

coat of zinc dust-zinc oxide primer conforming to Federal 
Specifications No. TT—P-—641—b, Type 1 (dated January, 
1953). 

Prime coat may be applied in the field. 
Painting. 
Intermediate and finish coats shall be as specified in 

Section 614 of the Standard Specifications. 
(b) Prepainted. Guardail beam elements shall be gal- 

vanized, cleaned, primed, and prepainted on the side fac- 
ing public traffic by the manufacturer prior to delivery to 
the jobsite as hereinafter specified: 

1. Galvanizing. Guardrail beam elements shall be 
post-galvanized both sides in accordance with the require- 
ments of AASHTO Designation: M180, Type 2. 

2. Cleaning. All beam elements shall be alkaline 
cleaned, mechanically brushed, rinsed, given a zinc phos- 
phate coating with a nominal coating weight of two hun- 
dred (200) mg. per square foot, rinsed and neutralized. 
Metal preparation to comply with Military Specification 
MIL-—T-12879, Type I, Class 1. 

3. Priming and Painting. Alternate 1: Prime coat 
shall be vinyl type, containing corrosion inhibiting pig- 
ment, applied at a nominal dry film thickness of 0.50 mil. 

Finish coat shall be a high gloss white thermosetting 
acrylic, baked enamel, applied at 1.0 mil nominal. The 
white pigment used to be a nonchalking type. 
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618 GUARDRAIL 

Alternate 2: Prime coat shall be epoxy type, con- 
taining corrosion inhibiting pigment, applied at a nominal 
dry film thickness of 0.50 mil. 

Finish coat shall be a high gloss white thermosetting 
polyester, baked enamel, applied at 1.01 mil nominal. The 
white pigment used to be a nonchalking type. 

All exposed surface of the metal guardrail that has 
become soiled or marred shall be cleaned or repainted, at 
the expense of the Contractor, as required by the Engineer. 

618.03.03 Galvanized Guardrail. The guardrail beam 
elements and end sections shall be galvanized. Galvanizing 
shall be performed after fabrication. Fabrication shall 
include all operations such as shearing, cutting, punching, 
forming, drilling, milling, and bending. 

Galvanized surfaces that are abraded or damaged at 
any time after the application of the zinc coating shall be 
repaired by thoroughly wire brushing the damaged areas 
and removing all loose and cracked coating, after which 
the cleaned areas shall be painted with two coats of paint, 
high zinc dust content, conforming to the requirements of 
Federal Specification MIL—P—21035. 

All exposed surface of the metal guardrail that has 
become soiled shall be cleaned, at the expense of the Con- 
tractor, as required by the Engineer. 

618.03.04 Reconstructed Guardrail. Reconstructed 
guardrail shall be carefully erected using salvaged materials 
and shall be similar in type to the original construction. 
Any new materials necessary to rebuild the guardrail shall 
be furnished by the Contractor, shall be of the same kind 
as those in the original, if available, and the cost thereof 
shall be included in the contract price for the work. The 
Department reserves the right to furnish the Contractor 
with such materials as it deems advisable, and these mate- 
rials shall be used in the reconstruction of the guardrail in 
lieu of salvage materials which they replaced. 

Reconstructed guardrail shall be painted with one coat 
of paint after first touching up all spots on which the orig- 
inal paint has been removed or destroyed. 
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GUARDRAIL 618 

METHOD OF MEASUREMENT 

618.04.01 Measurement. The quantity of new or 
reconstructed guardrail measured for payment will be the 
number of linear feet measured along the front face of the 
rail between centers of end posts or between center of end 
post and bridge connection as the case may be, complete 
and in place. In the case of new guardrail an allowance 
of two (2) feet at each end post shall be added to the length 
measured between the centers of end posts when terminal 
sections are specified. The length of expansion joints will 
be included in the measurement. 

The quantity of cable end anchors constructed will be 
measured for payment as units. 

The quantity of guardrail expansion joints constructed 
will be measured for payment as units. 

The additional guardrail beam elements required to con- 
struct the double beam rail at locations shown on the plans 
shall be measured for payment by the linear foot measured 
along the face of the additional rail between centers of 
end posts. 

Breakaway cable terminals will be measured for pay- 
ment as units. 

Where breakaway cables terminals are installed, guard- 
rail measurements will not include the terminal ends. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

618.05.01 Payment. The accepted quantity of new 
and reconstructed guardrail measured as provided in sub- 
section 618.04.01, “Measurement,” will be paid for at the 

contract unit price bid per linear foot. 
The above prices shall be full compensation for furnish- 

ing hardware, reflectors, erecting, painting, galvanizing, 
and all incidentals necessary to complete the work. 

The accepted quantity of “Cable End Anchors” meas- 
ured as provided above will be paid for at the contract unit 
price bid per each, which price shall be full compensation 
for furnishing all labor, materials, tools, equipment and 
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618 GUARDRAIL 

incidentals, and for doing all work involved in constructing 
cable and anchors, complete in place, including drilling 
anchor plate bolt holes in rail elements, excavating anchor 
block holes, backfilling and disposing of surplus material, 
as shown on the plans, as specified in these specifications 
and as directed by the Engineer. 

- The accepted quantity of “Guardrail Expansion Joints” 
measured as provided above will be paid for at the contract 
unit price bid per each, which price shall be full compensa- 
tion for furnishing all labor, materials, tools, equipment 
and incidentals, and for doing all work involved in con- 
structing the expansion joints complete in place. — 

The accepted quantity of “(Type) Guardrail Beam Ele- 
ments” measured as provided above will be paid for at the 
contract unit price bid per linear foot of double beam rail, 
which price shall be full compensation for furnishing all 
labor, materials, tools, equipment and incidentals, and for 

doing all work involved in constructing the double beam 
rail complete in place. 

Breakaway cable terminal will be paid for at the con- 
tract unit price bid per each, which payment shall be con- 
sidered full compensation for the terminal element and 
diaphragms, terminal connector, cable, fittings, straps, 
anchor plate, bolts, nuts, washers, structure excavation, 
concrete, reinforcement, redwood, and for doing all the 

work involved to install the breakaway cable terminal com- 
plete in place in the accepted work. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Painted tGuardraie? tes gl a ee eg eee Linear Foot 
(Galvanized Guardrail... ee ee eee Linear Foot 
Reconstruct’ Guardraile eile Uh So BURRS esr Linear Foot 

CableiEnditAnchors2 ioc) eos erase? san olnerinines Each 

Guardrail ExpansionsJ ointsececest-ceeee dans Al abectsbae the Each 
(Type) Guardrail Beam Elements....................2.....2.....--.- Linear Foot 
Breakaway, Caule -) Croat 0. n lee in a a ee Each 
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SECTION 619 

OBJECT MARKERS AND GUIDE POSTS 

DESCRIPTION 

619.01.01 General. This work shall consist of fur- 
nishing and installing object markers and guide posts of 
the design and at locations shown on the plans or estab- 
lished by the Engineer. 

MATERIALS 

619.02.01. General. Materials shall conform to the 
requirements specified in Section 721, “Object Markers 
and Guide Posts.” 3 

CONSTRUCTION 

619.03.01 General. Target members and reflectors 
appropriate to the color involved shall be assembled, 
fastened, set, and aligned in accordance with the details 
and dimensions shown on the plans. All fastenings shall 
be tight. 

Object markers shall be assembled, fastened, set, and 

aligned in accordance with the details and dimensions 
shown on the plans. Reflectors shall be installed when 
required as indicated. The exact Sig TL will be deter- 
mined by the Engineer. 

619.03.02 Reset. Reset object markers and guide 
posts shall be carefully erected, using salvaged materials, 
and shall be similar in type to the original construction. 
Any new materials necessary to rebuild the markers shall 
be furnished by the Contractor, shall be the same kind as 
those in the original, if available, and the cost thereof 
shall be included in the contract price for the work. The 
Department reserves the right to furnish the Contractor 
with such new materials as it deems advisable, and these 
materials shall be used in the resetting of the markers in 
lieu of salvage materials which they replaced. 
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619 OBJECT MARKERS AND GUIDE POSTS 

METHOD OF MEASUREMENT 

619.04.01 Measurement. The quantity of new or 
reset object markers or guide posts measured for payment 
will be the number of markers or guide posts ordered by 
the Engineer and placed by the Contractor. 

All measurements will be made in accordance with 
subsection 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

619.05.01 Payment. The accepted quantity of new 
and reset object markers and guide posts measured as 
provided in subsection 619.04.01, “Measurement,” will 

be paid for at the contract unit price bid per each, which 
price shall be full compensation for furnishing hardware, 
erecting, and incidentals necessary to complete the work. 

When the Engineer orders guide posts placed for the 
protection of the public traffic, and such order is prior to 
the time the Contractor would normally install them, and 
some posts subsequently are damaged by public traffic, the 
Contractor shall replace the damaged posts with new ones 
and receive compensation at the contract unit bid price for 
both the damaged posts and the ones replaced. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Guide :Postszenits. will. bee serie. on. sce nebo mei rip tori Each 
ResetyGuide Posts. + Pract ate eee ee Each 
Objects Markers. LVDe: fo. ate es 6 i Ee ee Each 
OODJECE, MEGLREIS | DVD 2c Miecene ner se eee eee Bmw htoieet ty Each 
Object Markers/*Type 3tew else Fe? VUNIOIe) 0 eee Each 
Réset ObjectaMiarkershic... Of). 09 Soovi. ot sslsese ae tiewe Each 
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SECTION 620 

RIGHT OF WAY MARKERS 

DESCRIPTION 

620.01.01 General. This work shall consist of fur- 
nishing and erecting timber posts for right of way markers 
conforming to these specifications and of the design shown 
on the plans or ordered by the Engineer. 

MATERIALS 

620.02.01 General. All materials shall conform to 
the requirements specified in the following sections: 

Pambeomiente steer ries) on he folinwigg Secgrs: Section 718 

Bnete Preset valives.-7-. 0. = 2 pea Oar Ps ee Section 719 

BETTY ete, ee ne ten tee MO) os 9 ras ceevmes cies fdas cosdddens yeresonseaeneses Section 714 

The posts shall be either Douglas Fir, Western Larch, 
or West Coast Hemlock treated with a preservative by 
pressure processes conforming to the requirements of 
Section 615, “Preservative Treatments for Timber.” 

CONSTRUCTION 

620.03.01 General. Right of way markers shall be 
constructed in accordance with the details and dimensions 
shown on the plans. The markers shall be set plumb and 
the post hole shall be backfilled in layers with approved 
material thoroughly rammed with an iron tamping tool. 

The exact location of posts will be staked by the Engi- 
neer. 

METHOD OF MEASUREMENT 

620.04.02 Measurement. The quantity of right of 
way markers measured for payment will be the number of 
markers complete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 
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620 RIGHT OF WAY MARKERS 

BASIS OF PAYMENT 

620.05.01 Payment. The accepted quantity of right 
of way markers measured as provided in subsection 620.- 
04.01, “Measurement,” will be paid for at the contract 
unit price bid per each. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Right of Way Markers....... EL eee See » CES 8 Each 
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SECTION 621 

MONUMENTS 

DESCRIPTION 

621.01.01 General. This work shall consist of fur- 
nishing and installing Portland cement concrete monuments 
and metal marker posts of the design and at locations 
shown on the plans or ordered by the Engineer. 

Bronze disks furnished by the Department shall be 
installed in the monuments. 

MATERIALS 

621.02.01 General. Materials shall conform to the 
requirements specified in the following sections: 

Portland Cement ‘Concrete s.i2.211..2.....20 2 ee Ae Section 501 
Fence’. Materiaisi2aecli2...o Dobinng 26. Derness Section 724 

CONSTRUCTION 

621.03.01 Installation. Monuments shall be con- 
structed of Class A or AA Portland cement ‘concrete, in 
accordance with the applicable provisions of Section 502, 
“Concrete Structures.” 

These monuments shall be set to assist in re-establish- 
ment of the centerline for future use and shall be set at the 
beginning and end of each project, at the beginning and 
end of each curve, and approximately one-half (42) mile 
apart on long tangents. 

These monuments, located as outlined above, shall be 
established outside construction limits, and the exact loca- 
tion will be that determined by the Engineer. 
A hole just large enough for the monument shall be 

excavated for the required depth. If solid rock is reached 
before the required depth is reached, the monument may be 
built on this instead of being built to its full depth. This 
hole shall be filled with the concrete. When the concrete 
has set sufficiently, the bronze disk or a plug shall be 
installed in the exact position required by the Engineer. 
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621 MONUMENTS 

Metal marker posts shall be “TI” rail steel drive fence 
posts complete with an anchor and not less than five (5) 
feet in length, weighing not less than one and three-tenths 
(1.3) pounds per foot. The posts shall be galvanized or 
painted with anti-corrosive paint. The posts shall be driven 
to the depths indicated or ordered and shall be located 
adjacent to the monument. 

METHOD OF MEASUREMENT 

621.04.01 Measurement. The quantity of reference 
monuments or survey monuments measured for payment 
will be the number of units complete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

621.05.01 Payment. The accepted quantity of monu- 
ments measured as provided in subsection 621.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per each, which price shall include metal marker posts, 
excavation, backfill, and disposing of any surplus material. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Reference :-Motiumetits:n. cert suerte. 233 onilietess aft toe Each 

SUT VEYA MLONIUICMISS J tos2.- dere trays -ebaca-- Mares! Bigs Bs Each 
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SECTION 622 

RAISED TRAFFIC BARS 

DESCRIPTION 

622.01.01 General. This work shall consist of fur- 
nishing and installing traffic separator bars, either precast 
or extruded in place, of the design and at locations shown 
on the plans or ordered by the Engineer. 

MATERIALS 

622.02.01 General. The traffic bars shall be con- 
structed of material that will conform to the physical 
requirements listed below. 

When required by the Engineer, traffic bars shall be 
sampled and tested and shall conform to the following 
requirements: 

Flexure breaking load (air-cured conditions).......... 300 pounds min. 
Compressive strength (air-cured 

CONUUIONS=-1 Gays)aecc:e here... deo F) od 1,000 pounds min. 
Abrasion loss (air-cured conditions).......................... 10 percent max. 
Abrasion loss (after soaking in water at room 

temperature for'24 hoors)..... 222 San sees ee 10 percent max. 

Absorption (24 hours in cold water)..........0.00000000.... 10 percent max. 

Extruded traffic bars shall be manufactured and placed 
by an automatic machine where Portland cement concrete 
is extruded under pressure through metering gates and a 
bar forming chamber. The aggregates shall be so graded 
and proportioned and thoroughly mixed in an approved 
mixer with such proportions of cement and water as will 
produce a homogeneous concrete mixture that the extruded 
traffic bars will conform to the test and design requirements 
of these specifications. In no case, however, shall the pro- 
portion of Portland cement in the mixture be less than six 
(6) U.S. Standard (94 Ib.) bags per cubic yard of concrete. 
There shall be no slump. The concrete shall contain an 
approved air-entraining admixture within the range of four 
to seven (4—7) percent whenever an air-entraining admix- 
ture is required in structural concrete on the project. 
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622 RAISED TRAFFIC BARS 

CONSTRUCTION 

622.03.01 Installation. The area where the bars are 
to be placed shall be thoroughly cleaned of all dust, dirt 
and debris, and loose material. 

The bars shall be set firmly or extruded in place on the 
finished surfacing with an adhesive in accordance with the 
directions of the manufacturer. Each precast bar shall fit 
the surface with reasonably uniform bearing and all excess 
adhesive material shall be squeezed out from under the bar. 

Extruded-in-place bars shall be carefully trimmed and 
finished to the required shape and dimensions and thor- 
oughly finished to present a neat and workmanlike job. 

Precast bars shall be painted with masonry paint as 
specified in Section 714, “Paint.” 

Extruded bars shall be painted within thirty (30) minutes 
after placing with a mixture composed of white Portland 
cement and water mixed to a thick-cream consistency. 
After the white Portland cement application has set, the 
bars shall receive a uniform application of white pigmented 
liquid curing compound. 

METHOD OF MEASUREMENT 

622.04.01 Measurement. The quantity of raised 
traffic bars measured for payment will be the number of 
linear feet along the axis of each bar complete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, “(Measurement of Quantities.” 

BASIS OF PAYMENT 

622.05. 01 Payment. The accepted quantity of raised 
traffic bars measured as provided in subsection 622.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per linear foot. 

All payments will be made in accordance with subsection 
109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Raised Traffic Bars.....-..:... , 1awastornvr tnosorsd 1h! Linear Feet 



SECTION 623: 

SIGNALS AND LIGHTING 

DESCRIPTION 

623.01.01 General. Electrical work shall consist of 
furnishing and installing, modifying or removing one or 
more traffic signals, flashing beacon systems, highway light- 
ing systems, sign illumination systems, traffic count stations, 
electrical equipment in structures, falsework lighting, par- 
tial installations for future systems, or combinations 
thereof, all as shown on the plans, and as specified in these 
specifications and the special provisions. 

The locations of signals, beacons, standards, lighting fix- 
tures, signs, controls, services, and appurtenances shown on 
the plans are approximate and the exact locations will be 
established by the Engineer in the field. 

All materials furnished and used shall conform to the 
provisions in Section 106, “Control of Material.” The 
materials shall be manufactured, handled, and used in a 
workmanlike manner to insure completed work in accord- 
ance with the plans, specifications and special provisions. 

All systems shall be complete and in satisfactory operat- 
ing condition at the time of acceptance of the contract. 

Where an existing system is to be modified, the existing 
material shall be reused in the revised system, removed, 
salvaged and stockpiled or abandoned as shown on ‘the 
plans, as specified in the special provisions or as directed by 
the Engineer. 

623.01.02 Reeaabtices and Code. © All electrical equip- 
ment shall conform to the standards of the National Electri- 
cal Manufacturers Association (NEMA), the Underwriters’ 
‘Laboratories Inc. (UL), or the Electronic Industries Asso- 

ciation (EIA), wherever applicable. In addition to the 
requirements of the plans, these specifications, and the spe- 
cial provisions, all materials and workmanship shall con- 
form to the requirements of the National Electrical Code, 
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623 SIGNALS AND LIGHTING 

hereinafter referred to as the Code; Rules for Overhead 
Electrical Line Construction, the Public Service Commis- 

sion; Standards of the American Society for Testing and 
Materials (ASTM); American National Standards Institute 
(ANSD; and any local ordinances which may apply. 

Wire sizes shall be based on American Wire Gage 
(AWG). 

623.01.03 Equipment List and Drawings. Unless 
otherwise permitted in writing by the Engineer, the Con- 
tractor shall, within fifteen (15) days following approval of 
the contract, submit to the Engineer for approval, a list of 
equipment and materials which he proposes to install. The 
list shall be complete as to name of manufacturer, size and 
identifying number of each item. The list shall be supple- 
mented by such other data as may be required, including 
scale drawings of cabinets showing location and spacing of 
shelves, terminal blocks and equipment, including dimen- 
sioning. Ail of the above data shail be submitted in tripli- 
cate for review. Where electrical equipment is constructed 
as detailed on the plans, the submission of detailed draw- 
ings and diagrams will not be required. 

Where a basic controller cabinet wiring diagram is pro- 
vided, circuit diagrams for dectector plug connections, 
peripheral equipment, and external solid-state logic shall 
be provided. 

The Contractor shall furnish five (5) sets of cabinet 
schematic wiring diagrams. The diagrams shall show the 
location of the installation and shall list all equipment 
installed in each cabinet. In addition, for each signal 
installation, the Contractor shall furnish an intersection 
sketch showing poles, detectors, field wire connection ter- 
minals and phasing as shown on the plans. One copy of the 
controller cabinet diagram and the intersection and phase 
diagram as reviewed by the Engineer shall be placed in a 
heavy duty plastic envelope with side opening, and attached 
to the inside of the door of each controller cabinet. 

All schematic wiring diagrams of the controllers and — 
auxiliary equipment, all cabinet diagrams, and all operation | 
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SIGNALS AND LIGHTING 623 

manuals shall be submitted at the time the controllers are 
delivered for testing or, if ordered by the Engineer, previ- 
ous to purchase. This diagram shall show in detail all cir- 
cuits and parts. Such parts shown thereon shall be identified 
by name or number and in such manner as to be readily 
interpreted. 

623.01.04 Warranties, Guarantees and Instruction 
Sheets. Manufacturers’ warranties and guarantees fur- 
nished for materials used in the work and instruction sheets 

and parts lists supplied with materials shall be delivered to 
the Engineer prior to acceptance of the project. 

623.01.05 Maintaining Existing and Temporary Elec- 
trical Systems. Existing electrical systems (traffic signal, 
ramp metering, highway and street lighting, flashing beacon 
and sign illumination), or approved temporary replace- 
ments thereof, shall be kept in effective operation for the 
benefit of the traveling public during the progress of the 
work, except when shutdown is permitted to allow for alter- 
ations or final removal of the systems. The traffic signal 
shutdowns shall be limited to periods during normal work- 
ing hours, or shall be as specified in the special provisions. 
Lighting system shutdowns shall not interfere with the reg- 
ular lighting schedule, unless otherwise premitted by the 
Engineer. The Contractor shall notify the Engineer prior 
to performing any work on existing systems. 

The local traffic enforcement agency shall be notified 
prior to any operational shutdown of a traffic signal system. 

State or local forces will continue operation and mainte- 
nance of existing electrical facilities. The State or local 
authorities will furnish electrical energy for operation and 
will repair or replace damaged facilities. 

Where damage is caused by the Contractor’s operations, 
the Contractor shall, at his expense, repair or replace dam- 
aged facilities promptly in accordance with these specifica- 
tions. Should the Contractor fail to perform the required 
repairs or replacements, the cost of performing such repairs 
or replacements will be deducted from any moneys due or 
to become due the Contractor. 
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623 SIGNALS AND LIGHTING | 

The exact location of existing conduit runs and pull 
boxes shall be ascertained by the Contractor before using © 
equipment that may damage such facilities or interfere with 
any system. 

Where roadways are to remain open to traffic and exist- | 
ing lighting systems are to be modified, the lighting systems 
shall remain in operation and the final connection to the 
modified circuit shall be made so that the modified circuit 
will be in operation by nightfall of the same day. 

Temporary electrical installations shall be kept in effec- 
tive operation until the temporary installations are no 
longer required for the traveling public. Removal of tem- 
porary installations shall conform to the provisions in sub- 
sections 623.03.15, 623.03.16, and 623.03.17, “Salvaging 
and Reinstalling or Stockpiling Electrical Equipment.” 

These provisions will not relieve the Contractor in any 
manner of his responsibilities as provided in subsection 
107.11, “Responsibility for Damage,” and subsection 
107.16, “Contractor’s Responsibility for the Work and 
Materials.” 

A temporary overhead cable system may be used for the 
existing signal system circuitry in lieu of maintaining the 
underground installations during construction. 

Where an existing system is being modified, work not 
shown on the plans or specified in the special provisions 
and which is considered by the Engineer as necessary to 
keep all or any part of the existing system in effective 
operation shall be considered as included in the prices paid 
for the systems, or units, therefore no additional compen- 
sation will be allowed. 

623.01.06 Scheduling of Work. Work shall be so 
scheduled that each traffic signal, highway lighting and 
sign illumination system shall be completed and ready for 
operation prior to opening the corresponding section of 
the roadway to traffic. 

Traffic signals shall not be placed in operation for use 
by public traffic without the energizing of street lighting at 
the intersection to be controlled if street lighting exists or 
is being installed in conjunction with the traffic signals. 
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Traffic signals shall not be placed in operation until the 
roadways to be controlled are open to public traffic, unless 
otherwise directed by the Engineer. 

Highway lighting and traffic signals shall not be placed 
in operation, including flashing operation, prior to com- 
mencement of the functional test period specified in sub- 
section 623.02.14, “Field Tests,” unless ordered otherwise 
by the Engineer. 

Conductors shall not be pulled into conduit until pull 
boxes are set to grade, crushed rock sumps installed, mor- 
tar placed around conduit, concrete bottom of pull boxes 
placed, and metallic conduit bonded. 

In vehicular undercrossings, soffit lights shall be placed 
in operation as soon as practicable after falsework has 
been removed from the structure. Lighting for pedestrian 
structures shall be placed in operation prior to opening 
the structure to pedestrian traffic. 

If the Engineer orders soffit lights or lighting for pedes- 
trian structures placed in operation before permanent 
power service is available, the cost of installing and remov- 
ing temporary power service will be paid for as extra work 
as provided in subsection 104.03, “Extra Work.” 

623.01.07 Safety Precautions. Before starting work 
on existing series street lighting circuits, the Contractor 
shall obtain daily a safety circuit clearance from the serv- 
ing utility. By-pass switch plugs shall be pulled and “Men 
at Work” signs posted at switch boxes before any work is 
done. 

623.01.08 Definitions. The following definitions per- 
tain only to Section 623, “Signals and Lighting:” 

Actuation. The operation of any type of detector. 
Clearance Interval. The length of time of display of 

the signal indication following the right of way interval. 
Controller. The complete electrical mechanism for 

controlling the operation of a traffic signal. A controller 
consists of a controller unit, and all auxiliary equipment 
housed in a weatherproof cabinet. 
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623 SIGNALS AND LIGHTING 

Controller Unit. The basic timing unit of a traffic sig- 
nal controller with its manually variable sequence and tim- 
ing controls. 

Detector for Traffic Actuation. A device by which 
vehicles or pedestrians are enabled to register their pres- 
ence with a traffic actuated signal controller. 

Magnetic Vehicle Detectors. A detector instailed in or 
near the roadway, capable of being actuated by the 
induced voltage caused by the passage of a vehicle through 
the earth’s magnetic field. 

Magnetometer Vehicle Detector. A detector installed 
in or near the roadway, capable of being actuated by the 
magnetic disturbance caused by the passage or presence of 
a vehicle. 

Inductive Loop Detector. A detector installed in the 
roadway capable of being actuated by the change of induct- 
ance caused by a vehicle passing over or standing over the 
loop. 

Pedestrian Detector. A detector, usually of the push 
button type, installed near the roadway and capable of 
being operated by hand. 

Pressure-Sensitive Vehicle Detector. A detector 
installed in the roadway capable of being actuated by the 
pressure of a vehicle passing over its surface. 

Electrolier. ‘The complete assembly of pole, mast arm, 
luminaire, ballast, and lamp. 

Extendable Portion. That part of the green interval 
following the initial portion. 

Extension Limit. The maximum time for which actu- 
ations on any traffic phase may retain the right of way 
after actuation on another traffic phase, after the initial 
portion has been timed out. 

Flashing Feature. A device which, when operated, dis- 

continues normal signal operation and causes the flashing 
of any pre-determined combination of signal lights. 

Initial Portion. The first part of the green interval 
which is timed-out or separately controlled by a traffic- 
actuated controller before the extendable portion of the 
interval takes effect. 
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Interval. Any one of the several divisions of the time 
cycle during which signal indications do not change. 

Interval Sequence. The order of appearance of signal 
indications during successive intervals of a time cycle. 

Luminaire. The assembly which houses the light 
source and controls the light emitted from the light source. 
Luminaires consist of hood (including socket), reflector, 
and glass globe or refractor. 

Lighting Standard. The pole and mast arm which 
support the luminaire. 

Major Street. The roadway approach or approaches at 
an intersection normally carrying the major volume of 
vehicular trafiic. 

Manual Operation. The operation of a signal con- 
troller by means of a hand-operated switch. 

Minimum Period. In semi-traffic-actuated controllers, 
the shortest time for which the right of way shall be given 
to the approaches not having detectors. 

Minor Street. The roadway approach or approaches at 
an intersection normally carrying the minor volume of 
vehicular traffic. 

Non-Parent Phase. A controller phase which is not 
modified by an auxiliary control unit. 

Parent Phase. A controller phase which is modified 
by an auxiliary control unit. 

Passage Period. The time allowed for a vehicle to 
travel at a selected speed from the detector to the nearest 
point of conflicting traffic. 

Pre-timed Controller Unit. An automatic control 
device for supervising the operation of traffic control sig- 
nals in accordance with a pre-timed cycle and divisions 
thereof. 

Recall Switch. A manual switch in a traffic-actuated 
controller which will cause the automatic return of the 
right of way to a street regardless of the absence of actu- 
ation on that street. 

Right of Way. The privilege of the immediate use of 
the highway. 

Signal Face. That part of a signal head provided for 
controlling traffic in a single direction and consisting of 
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one or more lenses. Turning indications may be included 
in a signal face. 
Signal Head. An assembly containing one or more 

signal faces. 
Signal Indication. ‘The illumination of a traffic signal 

lens or equivalent device, or of a combination of several 
lenses or equivalent devices at the same time. 

Time Cycle. The number of seconds required for one 
complete revolution of the timing dial or complete sequence 
of signal indications. 

Traffic-Actuated Controller Unit. An electronic or 
electromechanical control device for supervising the oper- 
ation of traffic control signals in accordance with the 
varying demands of traffic as registered with the con- 
troller by detectors. 

Traffic Phase (Traffic Movement). A part of the cycle 
allocated to any traffic movement receiving the right of 
way or to any combination of traffic movements receiving 
the right of way simultaneously during one or more inter- 
vals. 

Unit Extension. The minimum time, during the 
extendable portion, for which the right of way must remain 
on any traffic phase following an actuation on that phase, 
but subject to the extension limit. 

Vehicle. Any motor vehicle normally licensed for 
highway use by the State of Nevada. 

MATERIALS AND INSTALLATION 

623.02.01 General. Where existing systems are to 
be modified, the existing materials shall be incorporated 
in the revised system, salvaged, or abandoned as specified. 

623.02.02A Foundations. Foundations for posts, 
standards, pedestals and controller bases shall be Class A 
or Class AA Portland cement concrete. Portland cement 
concrete shall conform to the provisions in Section 501, 
“Portland Cement Concrete.” 

Concrete foundations shall rest on firm ground. 
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Foundations shall be. placed “in the solid” and mono- 
lithic where practicable. For posts, standards, and pedes- 
tals not on structures, the top two (2) inches of the concrete 
foundation shall be placed after the post, standard, or 

pedestal is in proper position. The exposed portions of the 
foundation shall be formed to present a neat appearance. 

After each post, standard, or pedestal on structures is 
in proper position, grout shall be placed under the base 
plate. The exposed portions shall be formed to present a 
neat appearance. Grout shall consist of one (1) part by 
volume of Portland cement and three (3) parts of clean 
sand, shall contain only sufficient moisture to permit 
packing, and shall be cured by keeping it damp for three 
(3) days. 

Forms shall be true to line and grade. Tops of founda- 
tions for posts and standards, except special foundations, 
shall be finished to curb or sidewalk grade or as directed 
by the Engineer. Forms shall be rigid and securely braced 
in place. Conduit ends and anchor bolts shall be placed in 
proper position and to proper height, and shall be held 
in place by means of a template until the concrete sets. 

Anchor bolts, anchor bars, or studs and nuts, shall 
conform to the specifications of ASTM Designation: A307 
and shall be provided with two (2) nuts and two (2) 
washers each. Anchor bolts, nuts, and washers shall be 
galvanized in accordance with the requirements of ASTM 
Designation: A153. 

Plumbing of standards shall be accomplished by adjust- 
ing nuts before grouting or before the foundation is finished 
to final grade. Shims, or other similar devices for plumb- 

ing or raking of posts, standards, or pedestals, will not be 
permitted. 

Both forms and ground which will be in contact with 
the concrete shall be thoroughly moistened before placing 
concrete. Forms shall not be removed until the concrete 
has thoroughly set. 

Ordinary surface finish, as specified in subsection 502.- 
03.18, “Ordinary Surface Finish,” shall be applied to 
exposed surfaces of concrete. 
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Where obstructions prevent the construction of a 
planned foundation, the Contractor shall construct an 
effective foundation satisfactory to the Engineer. 

The foundations shown on the plans shall be extended 
if conditions require additional depth, and such additional 
work, if ordered by the Engineer, will be paid for as 
extra work as provided in subsection 104.03, “Extra 
Work.” 

Unless otherwise shown on the plans, all standards to 
be relocated shall be provided with new foundations and 
anchor bolts of the proper type and size. 

Posts, poles, standards, and pedestals, except concrete 
pedestals cast in place, shall not be erected until the 
foundation has set at least seventy-two (72) hours, and 
shall be plumbed or raked, as directed by the Engineer. 

In unpaved areas, a raised pad of Portland cement con- 
crete of the size shown on the plans shall be placed in 
front of each controller cabinet. 

When a foundation is to be abandoned in place, the top 
of foundation, anchor bolts, and conduits shall be removed 
to a depth of five-tenths (0.5) foot below surface of side- 
walk or unimproved ground. The resulting hole shall be 
backfilled with material equivalent to the surrounding 
material. 

623.02.02B Excavating and Backfilling. The excava- 
tions required for the installation of conduit, foundations, 

and other appurtenances shall be performed in such a 
manner as to avoid any unnecessary damage to street, side- 
walks, landscaping, and other improvements. The trenches 
shall not be excavated wider than necessary for the proper 
installation of the electrical appurtenances and founda- 
tions. Excavation shall not be performed until immediately 
before installation of conduit and other appurtenances. The 
material from the excavation shall be placed in a position 
that will not cause damage or obstruction to vehicular and 
pedestrian traffic nor interfere with surface drainage. 

Unless otherwise permitted in writing by the Engineer, 
all surplus excavated material shall be removed and dis- 
posed of within forty-eight (48) hours outside the highway 
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right of way in accordance with the provisions in subsec- 
tion 107.14, “Disposal of Material Outside the Highway 
Right of Way.” 

The excavations shall be backfilled in conformance with 
the provisions in Section 207, “Backfill.” 

Excavations after backfilling shall be kept well filled 
and maintained in a smooth and well-drained condition 
until permanent repairs are made. 

All excavations shall be filled, and sidewalks, pavement, 

and landscaping restored at each intersection prior to 
excavating at any other intersection, unless otherwise per- 
mitted by the Engineer. 

Excavations in the street or highway shall be performed 
in such a manner that not more than one traffic lane is’ 
restricted in either direction at any time. 

623.02.03 Removing and Replacing Improvements. 
Improvements such as sidewalks, curbs, gutters, Portland 

cement concrete and asphalt concrete pavement, base 

material, lawns, and plants, and any other improvements 

removed, broken, or damaged by the Contractor’s oper- 
ations, shail be replaced or reconstructed with the same 

kind of material as found on the work or with materials 
of equal quality. The new work shall be left in a service- 
able condition satisfactory to the Engineer. 

Whenever a part of a square or slab of existing con- 
crete sidewalk or driveway is broken or damaged, the 
entire square or slab shall be removed and the concrete 
reconstructed as above specified. 

The outline of ail areas to be removed in Portland 
cement concrete sidewaiks and driveways and in pave- 
ments shall be cut to a minimum depth of one and one- 
half (114%) inches with an abrasive type saw prior to 
removing the sidewalk, driveways, and pavement material. 
The cut for the remainder of the required depth may be 
made by a method satisfactory to the Engineer. Cuts shall 
be neat and true with no shatter outside the removal area. 

623.02.04 Standards, Steel Pedestals, and Posts. 
Standards for traffic signals and highway lighting, and 
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steel pedestals for cabinets and other similar equipment 
shall be located as shown on the plans. Workmanship and 
finish shall be equal to the best general practice of metal 
fabrication shops. All welding shall conform to AWS 
D2.0, “Specifications for Welded Highway and Railway 
Bridges,” and to the requirements in this section. 

Type 1 standards shall be used for post-top mounting 
of traffic signals with or without bracket mounted signals 
as shown on the plans. 

Type 2, Type 5, Type 10, Type 18, Type 23, Type 40, 
and Type 43 standards shall be used for mast arm mount- 
ing of traffic signals without luminaires and with or with- 
out bracket mounted traffic signals. 

Type 3, Type 6, Type 16, Type 19, Type 20, Type 24, 
Type 26, Type 36, Type 42, Type 44, Type 45, and Type 
46 standards shall be used for mast arm mounting of both 
luminaires and traffic signals and with or without bracket 
mounted traffic signals. 

Type 4, Type 7, Type 14, and Type 15 standards shall 
be used for mast arm mounting of luminaires with or 
without bracket mounted traffic signals. 

Type 1 standards and steel pedestals for controller 
cabinets shall be constructed of No. 11 or heavier U.S. 
standard gage steel or four (4) inch standard pipe or con- 
duit, with the top designed for post-top slip-fitter. 

Standard pipe shall conform to the specifications of 
ASTM Designations: A53 or A120. 

All ferrous metal parts of standards, fifteen (15) feet 
and longer, shall conform to the details shown on the 
plans and the following requirements: 

Standards shall be fabricated from (a) sheet steel con- 
forming to the specifications of ASTM Designation: A611, 
Grade C, ASTM Designation: A570, Grade C, or from 
(b) sheet steel of weldable grade. If alternative (b) is 
used, the steel, after fabrication, shall have a minimum 

yield of forty thousand (40,000) pounds per square inch. 
Standards with one mast shall be fabricated of not less 

than No. 10 U.S. standard gage steel, except that when 
material conforming to alternative (b) above is used, the 
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gage shall not be less than No. 11 U.S. standard gage 
steel. 

Standards may be fabricated of full length sheets or 
2 shorter sections. Each section shall be fabricated from not 

_ more than two pieces of sheet steel. Where two pieces are 
used, the longitudinal welded seams shall be directly oppo- 
site one another. When the sections are butt-welded 
together, the welded seams on adjacent sections shall be 
placed to form continuous straight seams from base to top 
of standard. 

Standards shall be straight, with a permissive variation 
not to exceed one (1) inch measured at the midpoint of 
a twenty-eight and five-tenths (28.5), thirty (30), or thirty- 
five (35) foot standard and not to exceed three-fourths 

(34) inch measured at the midpoint of an eighteen (18), 
twenty (20), or twenty-five (25) foot standard. 

Mast arms for Types 2, 3, and 4 standards shall be 
fabricated from standard pipe, reamed, free from burrs 

and without intermediate splices or couplings, curved to 
the dimensions shown on the plans and shall be provided 
with raintight connections to shafts. Standard pipe shall 
conform to the specifications of ASTM Designations: 
A53 or A120. 

Mast arms for all standards, other than Types 2, 3, and 

4 standards, shall be fabricated from material as speci- 
fied for standards and shall conform to the dimensions 
shown on the plans. 

Tie rods for mast arms for Types 2, 3, and 4 standards 
shall be manufactured of structural steel and pipe as shown 
on the plans. Structural steel shall conform to the specifi- 
cations of ASTM Designation: A36. Tie rods shall be 
provided with two (2) nuts and two-(2) lock washers at 
each end. Tie rods shall be installed with no kinks or 
bends. 

The butt-welded transverse joints shall be strengthened 
by inserting a metal sleeve at each joint. The sleeve shall 
be No. 10 U.S. standard gage steel and made from steel 
having the same chemical composition as the steel in the 
standard. The metal sleeve shall have a minimum length 
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of one (1) inch. The sleeve shall be centered at the joint 
and have the same taper as the standard with the outside 
of the sleeve in full contact with the inside of the standard 
throughout the sleeve length and circumference. 

All welds shall be continuous. 
The weld metal at the transverse joint shall extend to 

the sleeve, making the sleeve an integral part of the joint. 
All longitudinal welds shall be performed by the sub- 

merged arc process. 
All exposed welds, except fillet welds, shall be ground 

flush with the base metal. 
All exposed edges of the plates which make up the 

base assembly shall be finished smooth and ail exposed 
corners of such plates shall be neatly rounded to one- 
eighth (4) inch radius, unless otherwise shown on the 
plans. Shafts shall be provided with slip-fitter shaft caps. 

Handholes in the base of standards shall conform to 
the details shown on the plans. 

Push button posts and guard posts shall be pipe con- 
forming to the specifications of ASTM Designations: A53 
or A120. 

Holes left in the shafts of existing standards, due to 
removal of equipment or mast arms, shall be repaired by 
welding in a suitable disk, grinding smooth and painting 
as provided for repairing damaged galvanized surfaces in 
Section 715, “Galvanizing.” 

When directed by the Engineer, existing standards to 
be relocated or reused in place shall be repaired prior to 
repainting or regalvanizing. Large dents shall be removed, 
shafts shall be straightened, and portions which are in poor 
condition due to corrosion or damage shail be replaced. 
Extent of repairs or replacements will be determined by 
the Engineer and said repairs or replacements ordered by 
the Engineer will be paid for as extra work as provided 
in subsection 104.03, “Extra Work.” 

Anchor bolts and nuts required for relocating existing 
standards shail be furnished by the Contractor. 

New standards, posts, and other ferrous materials shall 
be galvanized as provided in subsection 623.02.15, “Gal- 
vanizing.” 
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623.02.05 Conduit. All conductors shall be run in 
conduit, except for overhead and temporary installations 
and where conductors are run inside poles. 

Conduit shall be of the sizes shown on the plans, as 
specified in this subsection or in the special provisions. 
In addition, the Contractor may, at his option and expense, 
use conduit of a larger size than that shown or specified 
provided the larger size is used for the entire length of 
the run from outlet to outlet. Reducing couplings will not 
be permitted. 

(a) Material. Conduit and fittings shall be the rigid 
metal type manufactured of mild steel conforming to UL 
Publication UL 6 for Rigid Metallic Conduit, or at the 
option of the Contractor, conduit to be installed under- 
ground may be rigid nonmetallic type conforming to the 
requirements of the UL Standard for Rigid Nonmetallic 
Conduit (Publication UL 651). 

A Certificate of Compliance conforming to the provisions 
in subsection 106.05, “Certificates of Compliance,” shail 

be submitted by the manufacturer with all rigid metallic 
conduit and all rigid nonmetallic conduit. 

(b) Use. Conduit to be installed on the surface of poles 
or structures or other proposed locations shall be the rigid 
metal type and shall be unpainted, except that exposed 
conduit installed on a painted structure shall be painted 
the same color as the structure. 

Where nonmetallic conduit is to be installed, the con- 
duit run between the pole base and the nearest pull box 
and the conduit in structures may be of the nonmetallic 
type. 

Where existing rigid metal conduit systems are to be 
modified or extended rigid metal conduit only shall be 
installed. 

Where a pull box is installed adjacent to the base of an 
electrolier, conduit installed from the pull box to the 
standard shail not be less than one and one-half (11%) 

inches in diameter. 
Where pull boxes are installed adjacent to the base of 

a signal standard or controller pedestal, conduit installed 
between pull boxes and the standard or pedestal shall not 
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be less than two (2) inches in diameter, unless otherwise 
shown on the plans. 

Conduit for detector runs shall be not less than one (1) 
inch in diameter. All conduit not otherwise specified shall 
be one and one-half (11) inches in diameter. 

Conduit running from a pull box to soffit, wali or other 
lights or fixtures below the grade of the pull box shall be 
installed in the end of the pull box with the centerline of 
the conduit terminus a minimum of five (5) inches above 
the bottom of the pull box. 

(c) Installation. Conduit shall be installed in conform- 
ance with the codes and regulations listed in subsection 
623.01.02, “Regulations and Code.” 

Conduit runs shown on the plans may be changed to 
avoid underground obstructions with written approval by 
the Engineer. 

The ends of all conduits, whether shop or field cut, shall 

be reamed to remove burrs and rough edges. Cuts shall be 
made square and true so that the ends will butt or come 
together for the full circumference thereof. Slip joints or 
running threads will not be permitted for coupling conduit. 
When a standard coupling cannot be used for coupling 
metal type conduit, an approved threaded union coupling 
shall be used. The threads on all! ferrous metal conduit 
shall be painted with rust preventive paint before couplings 
are made up. All couplings for metal type conduit shall 
be tightened until the ends of the conduits are brought 
together, providing a good electrical connection through- 
out the entire length of the conduit run. Where the coating 
on metal conduit has been damaged in handling or install- 
ing, such damaged places shall be painted with rust pre- 
ventive paint. Nonmetallic type conduit shall be cut with 
a hacksaw or other approved tool. Nonmetallic type con- 
duit connections shall be of the solvent weld type. Exposed 
ungalvanized threads on metal conduit resulting from field 
cuts shall be painted with rust preventive paint. 

All metal type conduit ends shall be threaded and shall 
be capped with standard pipe caps until wiring is started. 
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When caps are removed, the threaded ends shall be pro- 
vided with conduit bushings. Nonmetallic type conduit 
ends shall be capped until wiring is started. 

Nonmetallic conduit fittings for connecting nonmetallic 
conduit to rigid metal conduit shall be threaded on the 
metal conduit side. 

Conduit bends, except factory bends, shall have a radius 
of not less than six (6) times the inside diameter of the 
conduit. Where factory bends are not used, conduit shall 
be bent, without crimping or flattening, using the longest 
radius practicable. 

A No. 12 AWG TW insulated copper pull wire shall be 
installed in all conduits which are to receive future con- 
ductors. At least two (2) feet of pull wire shall be doubled 
back into the conduit at each termination. 

Existing underground conduit to be incorporated into 
a new system shall be cleaned with a mandrel or cylindrical 
wire brush and blown out with compressed air. 

Conduit shall be laid to a depth of not less than eighteen 
(18) inches below the curb grade in sidewalk areas and 
curbed paved median areas, twenty-four (24) inches below 
highway pavement grade in road areas and finished grade 
in all other areas, except that conduit may be laid on top 
of the existing pavement within new curbed medians being 
constructed on top of said pavement. 

Conduit runs parallel to curbs shall be placed adjacent 
to back of curb, except where in conflict with existing 
facilities. 

Conduit stubs from electrolier bases shall extend at least 
six (6) inches from face of foundation and at least eighteen 
(18) inches below top of foundation. 

Rigid metal conduit shall be placed under existing 
pavement by approved jacking or drilling methods. Pave- 
ment shall not be disturbed without permission from the 
Engineer. In the event obstructions are encountered, upon 
approval of the Engineer, small test holes may be cut in 
the pavement to locate obstructions. Jacking or drilling 
pits shall be kept two (2) feet clear of the edge of any 
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type of pavement wherever possible. Excessive use of — 
water, such that pavement might be undermined, or sub- 
grade softened, will not be permitted. : 

Rigid nonmetallic type conduit shall not be used for — 
drilling or jacking. Installation of rigid nonmetallic type 
conduit under existing pavement will be permitted if a — 
hole larger than the conduit is pre-drilled and the conduit 
installed by hand. Bottom of trenches for rigid non- 
metallic conduit shall be relatively free of sharp irregulari- 
ties which would cause pinching and excessive bending of 
the conduit. The trench shall be excavated to four (4) © 

inches below the invert grade of the conduit and back- 
filled with a granular material with one hundred (100) 
percent passing the three-eighths (%%) inch size sieve 
except where backfilled with concrete. A cradle shall be 
shaped in the granular material cushion to support the 
conduit. The first six (6) inches of backfill over the top 
of the conduit shall be of this granular material. 

Conduit to be placed beneath railroad tracks shall com- 
ply with the following: 

The conduit shall be rigid metal type, one and one-half 
(114) inch minimum size and shall be placed toa minimum 
depth of three (3) feet below bottom of tie. The near side 
of each conduit jacking pit shall be constructed not less 
than twelve (12) feet from the centerline of track. When 
the jacking pit is to be left overnight it shall be covered 
with substantial planking. 

Conduit terminating in standards or pedestals shall 
extend not more than two (2) inches vertically above the 
foundation and shail be sloped towards the handhole 
opening. Conduit entering through the side of nonmetallic 
pull boxes shall terminate not more than two (2) inches 
inside the box wall and not less than two (2) inches 
above the bottom, and shall be sloped toward top of box 
to facilitate pulling of conductors. Conduit entering through 
the bottom of a pull box shall terminate one (1) to two (2) 
inches above the bottom and shall be located near the 
end walls to leave the major portion of the box clear. At 
all cutlets, conduits shall enter from the direction of the 
run. 

608 



SIGNALS AND LIGHTING 623 

Conduit for future use in structures shall be threaded 
and capped. Conduit leading to soffit, wall or other lights 
or fixtures below the grade of the pull box shall be sealed 
by means of a sealing fitting and sealing compound, except 
that sealing fitting and sealing compound will not be 
required where conduit terminates in a structure pull box. 

Conduits in bridge superstructures shall be supported 
as shown on the plans, in conformance with the following: 

Steel hangers, steel brackets, and other fittings shall con- 
form to the provisions in Section 712, “Miscellaneous 
Metal.” 

Cast-in-place metal inserts for hangers or brackets 
shall be capable of developing twenty thousand (20,000) 
pounds per square inch in tension on the net section of 
the bolt or threaded rod. 

Openings for conduits through bridge superstructure 
concrete shall be formed or may consist of pipe sleeves. 

Where conduits pass through the abutment concrete, 
the conduits shall be wrapped with two (2) layers of ten 
(10) pound asphalt-felt building paper, securely taped or 
wired in place. 

The space around conduits through bridge abutment 
walls shall be filled with Portland cement mortar conform- 
ing to the provisions in subsection 706.03.04, “Mortar,” 
except that the proportion of cement to sand shall be one 
(1) to three (3). 

When the bridge superstructure is to be prestressed the 
space around conduits through abutments shall not be 
filled until the prestressing has been completed. 

Conduit run on the surface of structures shall be secured 
with galvanized malleable iron clamps spaced not more 
than five (5) feet apart. 

Attention is directed to “Bonding and Grounding” 
subsection 623.02.10. Where puil boxes are placed in con- 
duit runs, the conduit shall be fitted with threaded bush- 
ings and bonded. 

The location of ends of all conduits in structures, or 

terminating at curbs, shall be marked by a “Y” at least 
three (3) inches high cut into the face of curb, gutter, or 

wall, directly above the conduit and above grade line. 
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623.02.06 Pull Boxes. Pull boxes shall be installed 
at the locations shown on the plans. 

(a) Materials. Pull boxes, covers and extensions for 
installation in the ground or in sidewalk areas shall be of 
the sizes and details shown on the plans and shall be pre- 
cast reinforced concrete, except that alternative materials 
and designs may be used if units of equal strength, without 
excessive deflection, will be provided. Material shall be 
self-extinguishing when tested in accordance with ASTM 
Designation: D635, and shall show no appreciable change 
in physical properties with exposure to the weather. Where 
a ballast or transformer is to be placed in a nonmetallic 
pull box, the box shall be provided with recesses for a 
hanger as shown on the plans. 

Pull boxes and covers for installation in structures shall 
be of the sizes and details shown on the plans. In lieu of 
the structure pull box shown on the plans, the Contractor 
may use a telescoping steel pull box, with interior dimen- 
sions, conduit entrances, and cast iron cover conforming 
to the details shown on the plans. Design of the steel pull 
box shall be submitted to the Engineer for review prior to 
fabrication. 

Covers shall be secured with three-eighths (%) inch 
bolts, capscrews, or studs, and nuts which shall be of 
brass, stainless steel or other noncorroding material. 

Stainless steel hold-down bolts, capscrews or studs, and 

nuts and washers shall have a chromium content of not 
less than eighteen (18) percent and a nickel content of 
not less than eight (8) percent. Nuts shall be recessed 
below surface of cover. 

All ferrous metal parts shall be galvanized in accord- 
ance with the provisions in subsection 623.02.15, “Gal- 
vanizing.” 

(b) Cover Marking. Covers for pull boxes shall be 
marked as follows: 

1. “Traffic Signal.” Where pull box contains 
traffic signal conductors with or without street lighting 
conductors. | 

2. “Street Lighting.” Where pull box contains 
street lighting conductors. only. “High Voltage” shall be 
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inscribed below where street lighting voltage is above six 
hundred (600) volts. 

3. “Communication.” For pull boxes where com- 
munication conduit enters the pull box. 

4, “Sprinkler Control.” For pull boxes where 
sprinkler control conduit enters the pull box. 

5. “Count Station.” For pull boxes where traffic 
count station conduit enters the pull box. 

6. “Ramp Meter.” For pull boxes where ramp 
metering conduit enters the pull box. 

Marking shall be clearly defined and uniform in depth 
and may be placed parallel to either the long or short 
sides of the cover. 

Marking letters shall be between one (1) and three (3) 
inches high. 

Marking shall be applied to each steel or cast iron 
cover prior to galvanizing by one of the following methods: 

a. Cast iron strips, at least one-fourth (14) inch thick, 
with the letters raised a minimum of one-sixteenth (14 ¢) 
inch. Strips shall be fastened to covers with one-fourth 
(144) inch flathead stainless steel machine bolts and nuts. 
Bolts shall be peened after tightening. 

b. Sheet steel strips, at least 22-gage with the letters 
raised a minimum of one-sixteenth (4) inch above the 
surrounding surface of the strips. Strips shall be fastened 
to covers by spot welding, tack welding or brazing, or with 
one-fourth (44) inch roundhead stainless steel machine 
bolts and nuts. Bolts shall be peened after tightening. 

c. Bead welding the letters on the covers. The letters 
shall be raised at least three thirty-seconds (342) inch. 

(c) Installation and Use. Pull boxes shall be installed 
at the locations shown on the plans or, in long runs, they 
shall be spaced at not over two hundred (200) foot inter- 
vals. The Contractor may, at his expense, install additional 
pull boxes to facilitate his work. 

The tops of pull boxes installed in the ground or in 
sidewalk areas shall be flush with the surrounding grade 
or top of adjacent curb. Where practical, pull boxes shown 
in the vicinity of curbs shall be placed adjacent to the 
back of curb, and pull boxes adjacent to standards shall 
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be placed along the side of foundations as shown on the 
plans. 

The bottoms of pull boxes installed in the ground or in 
sidewalk areas shal! be bedded in crushed rock as shown 
on the plans and shall be grouted prior to the installation 
of conductors. A layer of roofing paper shall be placed 
between the grout and the crushed rock sump. A one (1) 
inch drain hole shall be provided in the center of the pull 
box through the grout and the roofing paper. 

623.02.07 Expansion Fittings. Expansion fittings, as 
detailed on the plan, shall be installed where the conduit 
crosses an expansion joint in the structure. Each expan- 
sion fitting shall be provided with a copper bonding jumper 
having the ampacity required by the code. 

Expansion-deflection fittings shall consist of a molded 
neoprene sleeve with a bonding jumper passing through a 
separate waterproof compartment and two (2) silicone 
bronze couplings. Fittings shall permit a minimum of 
three-fourths (34) inch expansion and contraction and a 
three-fourths (34) inch deflection without deformation. 

6Z3.02.08 Conductors. Conductors shall consist of 
solid or stranded copper of the gage shown on the plans 
unless specified otherwise. 

Copper wire shall conform to the specifications of 
ASTM Designations: B3 and B8. 

(a) Traffic Signal and Multiple Lighting Conductors. 
Conductors for traffic signal, flashing beacon and multiple 
lighting installations shall be rated for six hundred (600) 
volt operation. The insulation shall be TW Grade poiy- 
vinyl chloride compound conforming to the specifications 
of ASTM Designation: D2219 for conductors No. 14 
AWG and larger and TF Grade for conductors No. 16 
AWG. Insulation thickness shall be four sixty-fourths 
(44) inch minimum for No. 14 to No. 10 AWG, inclusive, 
and five sixty-fourths (°44) inch minimum for No. 8 AWG, 
or larger. 

All conductors used in controller cabinet wiring shall 
be No. 22 AWG, or larger. Conductors smaller than No. 
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14 AWG shall conform to Military Specification: MIL- 
W-16878D, Type B, Vinyl-Nylon Jacket, six hundred 
(600) volt, one hundred fifteen (115) degrees Centigrade. 
Conductors No. 14 AWG and larger shall be as specified 
above. 

All conductors in controller cabinets subject to flexing 
during opening and closing of the cabinet door or on 
removal of equipment from the cabinet shall be stranded. 
Conductors No. 14 AWG through No. 10 AWG, inclusive, 
shall be 19-strand and conductors No. 16 AWG shall be 
26-strand. 

Conductors in traffic actuated controller cabinets be- 
tween service terminals and the “AC-+” terminals on 
external light relays (including connections to the police 
panel switches), the signal light neutral and all conductors 
in the highway lighting circuit within the controller cabinet 
shall be No. 10 AWG, or larger. All other conductors in 
the signal light circuits shall be No. 14 AWG. 

Conductors in pre-timed controller cabinets between 
the service terminals and “AC-+-” common bus to signal 
light circuits (including switches, radio interference sup- 
pressor, flasher relays and harness conductors to the con- 
troller) shall have an ampacity of twenty (20) amperes at 
one hundred sixty (160) degrees Fahrenheit. 

Conductors for wiring flush wall luminaires shall be 
Type SA stranded copper, insulated with silicone rubber 
and asbestos braid for use at temperatures up to one 
hundred twenty-five (125) degrees Centigrade. 

Overhead lighting conductors shall be No. 8 AWG, or 
larger, medium hard drawn copper with weatherproof 
covering. 

(b) Series Circuit Lighting Conductors. Conductors 
for series circuit highway lighting shall be No. 8 AWG, 
solid or stranded copper, shall be rated for 5,000-volt 
operation and shall be insulated with ten sixty-fourths 
(4%.4) inch minimum thickness polyvinyl chloride com- 
pound conforming to the specifications of ASTM Desig- 
nation: D2219, or polyethylene conforming to the 
specifications of ASTM Designation: D1351. 
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A Certificate of Compliance conforming to the pro- 
visions in subsection 106.05, “Certificates of Compliance,” 

shall be submitted by the manufacturer with all five thou- 
sand (5,000) volt, series, lighting conductors. 

(c) Conductor Identification. All single conductors and 
cables shall have clear, distinctive and permanent mark- 
ings on the outer surface throughout the entire length 
showing the manufacturer’s name or trademark, insulation 
type-letter designation, conductor size, voltage rating and 
the number of conductors if a cable. 

Conductor insulation shall be of a solid color or of basic 
colors with a permanent colored stripe as detailed in the 
table following this subsection 623.02.08, unless otherwise 
specified. Identification stripes shall be continuous over 
the entire length of the conductor. 

623.02.09 Wiring. Wiring shall be done in conform- 
ance with the regulations and code listed in subsection 
623.01.02, “Regulations and Code,” and the following 
additional requirements: 

(a) Circuitry. Sufficient signal light conductors shall be 
provided to perform the functional operation of the signal 
system and, in addition thereto, three (3) spare conductors 
of a size equal to the largest signal light conductor in the 
run, except neutral, shall be provided throughout the sig- 
nal light system, unless shown otherwise on the plans. 

All signal light conductors, except branch neutrals, shall 
be run continuously without splices from a terminal block 
located in a cabinet, compartment, or signal head, to a 
similarly located terminal block. Signal light conductors 
shall not run to a terminal block on a standard unless they 
are to be connected to a signal head that is mounted 
thereon. 

Connection to each terminal of a pedestrian push button 
shall be by a single conductor. 

The neutral for pedestrian push button circuits shall be 
separate from the signal light circuit neutral. 

Where ballasts or transformers are used, series lighting 
conductors shall be run from ballast to ballast, transformer 

to transformer, and from ballast or transformer to service. 
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(b) Installation. Powdered soapstone, talc, or other 
inert lubricant shall be used in placing conductors in con- 
duit. 

Conductors shall be pulled into conduit by hand and the 
use of winches or other power actuated pulling equipment 
will not be permitted. 

When new conductors are to be added to existing con- 
ductors in a conduit, all conductors shall be removed; the 
conduit shall be cleaned as provided in subsection 623.- 
02.05C, “Installation;” and both old and new conductors 
shall be pulled into the conduit as a unit. 

Where signal conductors are run in lighting standards 
containing high-voltage series street lighting conductors, 
either the signal conductors or the lighting conductors shall 
be encased in flexible or rigid metal conduit, to a point 
where the two types of conductors are no longer in the 
same raceway. Where telephone circuits are installed adja- 
cent to signal and lighting circuits, the telephone conduc- 
tors shall be encased in UL approved flexible metal 
conduit. 

Temporary conductors less than ten (10) feet above 
grade shall be enclosed in flexible or rigid metal conduit. 

At least one (1) foot of slack shall be left for each con- 

ductor at each signal or lighting standard, or combined 
standard, and at least three (3) feet of slack at each pull 
box. 

At least three (3) feet of slack shall be left for each con- 
ductor at each splice. 

Ends of spare conductors shall be taped. 
Conductors within fixtures or cabinets shall be cabled 

together with self-clinching nylon cable ties, waxed lacing 
or other method permitted by the Engineer. 

Wiring within controller cabinets shall be neatly 
arranged and laced, or enclosed in plastic tubing or race- 
way. 

Small permanent identification bands shall be marked 
as detailed in the conductor table following subsection 
623.02.08, “Conductors.” The bands shall be securely 
attached to each conductor in each pull box and near the 
end of each conductor where conductors are terminated. 
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Where circuit and phase are clearly indicated by conductor 
insulation, bands need not be used. Permanent identifica- 
tion bands shall be embossed aluminum foil tape with 
pressure-sensitive, oil resistant backing. Tape shall be of a 
type such that embossed symbols contrast with the back- 
ground color. 

(c) Connectors and Terminals. Conductors shall be 
joined by the use of connectors or other methods permitted 
by the Engineer. All splices, with or without connectors, 
shall be soldered by the pouring or dipping method, except 
that soldering of pressure connectors and terminals may 
be omitted provided the connectors and terminals are 
applied with the proper type tool as recommended by the 
manufacturer of the connector or terminal being applied. 
Finished connections and terminals shall comply with the 
requirements of Military Specification MIL—T—7928. 

All stranded conductors smaller than No. 14 AWG 
shall be terminated in crimp style terminal lugs. 

(d) Splicing. Unless specified otherwise or permitted 
by the Engineer, splices will be permitted only in the fol- 
lowing types of circuits at the following locations: 

1. Branch signal light neutrals in pull boxes. 
2. Pedestrian push button circuits in pull boxes. 
3. Multiple lighting conductors in bases of stand- 

ards or in pull boxes. 
4. In pull boxes in series lighting circuits where runs 

are more than four hundred (400) feet between units. 
5. In modified traffic signal systems where shown on 

the plans. , , 
In lieu of the 600-volt or the 5,000-volt splice and splice 

insulation shown on the plans, the Contractor may elect to 
use: 

A pin and receptacle, locking type connector, with 
waterproof housing, capable of being disconnected without 
damage. The pin shall be of medium hard copper material 
with the portion to be crimped onto the conductor fully 
annealed. The receptacle shall be of copper material fully 
annealed. The pin and receptacle shall be of a size to pro- 
vide not less than ninety (90) percent ampacity of the con- 
ductor being spliced. The pin and receptacle shall be 
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applied to the conductor using a tool as recommended by 
the connector manufacturer and soldering will not be 
required. Both the pin and receptacle shall have centrally 
located, recessed locking areas, which shall match comple- 
mentary areas of the housing. 

The receptacle shall establish contact pressure with the 
pin through the use of a copper beryllium sleeve spring and 
the receptacle and pin shall lock together so that the con- 
nection will be maintained when a minimum force of 
twenty (20) pounds tension pull is applied to the attached 
conductors. 

Separate housings shall be provided for the pin and the 
receptacle. Each housing shall be made of water resisting, 
synthetic rubber suitable for direct burial in the ground or 
installation in direct sunlight. Each housing shall have an 
interior arrangement, complementary to the pin and recep- 
tacle, suitable to receive and securely retain the pin and 
receptacle, also a section to form a water-seal between the 
housings at the point of disconnection. A small slot or vent 
shall be provided along the housings to permit the exclu- 
sion of air. Sufficient silicon type insulating compound to 
fill all the voids in the assembly shall be placed in the 
housings before installing the pin and receptacle. 

In lieu of the 600-volt splice and splice insulation shown 
on the plans, the Contractor may elect to use an epoxy 
insulated spring connector applied as follows: 

The ends of the wires shall be joined together with an 
insulated spring type connector without soldering. 

A two component, self-curing, epoxy resin shall be fur- 
nished in a double compartment, plastic envelope. The 
splice insulation shall be made by thoroughly mixing the 
two components in the envelope and, after cutting open 
one end of the envelope, inserting the wire-connection into 
the epoxy resin and then taping shut the open end of the 
envelope. | 

Other methods may be used to mix and apply epoxy 
resin. 

Sufficient epoxy resin shall be provided to completely 
cover the connector and exposed bare wires at connector. 
The container shall be transparent to allow inspection. 
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Conductors in controller cabinets shall not be spliced. 
(e) Splice Insulation. Splice insulation shall conform to 

the details shown on the plans. 
Low-voltage tape shall be UL approved and shall be 

either of the following types at the option of the Contrac- 
tor: 

1. Self-fusing, oil and flame-resistant, synthetic rub- 
ber. 

2. Pressure-sensitive, adhesive, polyvinyl chloride, 
0.007-inch minimum thickness. 

Tape for insulating splices in low-voltage circuits 
(600 volts, maximum) by “Method A” as shown on the 

plans shall be either of the low-voltage types. Splices made: 
by “Method B” shown on the plans shall be insulated with 
both types of low-voltage tape. 

Tape for insulating splices in high-voltage (over 600 
volts) circuits shall be resistant to ozne, corona and water. 
High-voltage tape shall be self-fusing, vegetable oil base, 
natural rubber. 

Where polyvinyl chloride tape is used for a final 
layer, an electrical insulating coating shall be used which 
shall be fast drying, resistant to oil, acids, alkalies and 
corrosive atmospheric conditions and compatible with the 
tape. 

Where more than one conductor enters a ballast 
sleeve, the insulation and taping shall be applied between 
the conductors in such a manner as to provide a watertight . 
joint. The splice shall be capable of satisfactory operation 
under continuous submersion in water. 

On 600-volt and 5,000-volt conductor splices, the 

Contractor, at his option, may use a cast insulation of self- 
curing epoxy resin which is compatible with wire insula- 
tion to form a moisture resistant joint. The resin shall be 
resistant to weather, and aromatic and straight chain sol- 
vents and, in addition, shall not sustain combustion. The 
resin shall be poured into moids of dimensions suitable for 
the splice. 

On 600-volt maximum circuits, the Contractor, at his 
option, may elect to use either of the following splice i insu- 
lation methods: 
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(a) A minimum of two (2) thicknesses of electrical 

insulating pad, composed of a laminate of 0.085-inch 
thickness of electrical grade polyvinyl chloride and a 
0.125-inch thickness of butyl splicing compound with 
removable liner. Pads shall be applied to the splice in 
accordance with the manufacturer’s recommendations. The 
ends of the applied pad shall be wrapped with polyvinyl 
chloride tape half lapped over the conductor insulation. 

(b) Heat shrinkable insulating tubing shall be 
applied after completing the splicing procedure shown on 
the plans. Insulation over the connector shall consist of a 
heat shrinkable, mastic lined, heavy wall polyolefin cable 
sleeve or cover, to which heat shall be applied at a tem- 
perature greater than one hundred twenty (120) degrees 

Centrigrade until the sleeve, or cover, shrinks and covers 
the connector and the mastic material has flowed com- 
pletely around the cable to form a waterproof insulation. 

On 5,000-volt conductors, the Contractor, at his 

option, may elect to waterproof splices as follows: 
In lieu of the final application of two (2) layers of 

polyvinyl chloride tape, waterproofing of 5,000-volt splices 
after being insulated as shown on the plans shall consist of 
heat shrinkable, mastic lined, heavy wall polyolefin cable 
sleeve, or cover, to which heat shall be applied at a tem- 
perature greater than one hundred twenty (120) degrees 
Centigrade until the sleeve, or cover, shrinks and covers 
the connector and the mastic material has flowed com- 
pletely around the cable to form a waterproof insulation. 

(f) Fused Splice Connectors. In each pull box adja- 
cent to an electrolier a fused disconnect splice connector 
shall be installed in each ungrounded conductor between 
the line and the ballast. The connector shall be readily 
accessible in the pull box regardless of whether the ballast 
is remote or is integral with the luminaire. 

For 240-volt and 480-volt circuits, each connector shall 
be designed so that both ungrounded conductors are dis- 
connected simultaneously. The connector shall have no 
exposed metal parts. 

The splice connector. shall completely enclose the fuse 
and shall protect the fuse against damage from water and 
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weather. The contact between the fuse and fuseholder shall 
be by spring pressure. Springs shall not be a part of the 
current carrying circuit. The terminals of the splice con- 
nector shall be rigidly crimped, using a tool of the type 
recommended by the manufacturer of the fused splice con- 
nector, on to the line conductors and the conductors to the 
ballasts and shall be insulated and made waterproof in 
accordance with the splice connector manufacturer’s rec- 
ommendations. 

Fused splice connectors shall not be used in series cir- 
cuits. 

Fuses shall be standard midget, ferrule type. 

623.02.10 Bonding and Grounding. Metallic cable 
sheaths, metal pull box covers, metal conduit, nonmetallic 

conduit grounding wire, ballast and transformer cases, 
service equipment, sign switches, anchor bolts, and metal 
poles and pedestals shall be made mechanically and elec- 
trically secure to form a continuous system, and shall be 
effectively grounded. Bonding and grounding jumpers shall 
be copper wire or copper braid of the same cross sectional 
area as No. 6 AWG for series lighting systems and No. 8 
AWG or larger for all other systems. 

Bonding of standards and pedestals shall be by means of 
a bonding wire or braid attached to the anchor bolts or a 
three-sixteenths (°4 ¢) inch, or larger, brass or bronze bolt 
installed in the lower portion of the shaft. 

Where slip base standards or slip base inserts are 
installed, the grounding jumper shall not intrude into the 
slip plane. Bonding shall be accomplished by a bonding 
strap to the anchor bolts or a three-sixteenths (*4 g) inch or 
larger brass bolt installed in the bottom slip base plate. 

_ One side of the secondary circuit of series-multiple and 
step down transformers shall be grounded. 

Grounding of metal conduit, service equipment, and 
neutral conductor at service point shall be accomplished. as 
required by the code and the serving utility, except that 
grounding conductors shall be No. 6 AWG, or equal. 

- For bonding purposes in all nonmetallic type conduit, a 
bare No. 6 AWG copper wire shall be run continuously in 
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circuits used for series lighting, and a bare No. 8 AWG 
copper wire shall be run continuously in all other circuits. 
In lieu of the continuous copper ground wire, a ground 
rod, when approved by the Engineer, may be installed at 
each pole or standard. 

Where nonmetallic conduit is to be installed for future 
conductors, the above mentioned copper wire may be 
omitted. 

At each multiple service point, unless otherwise shown 
on the plans, a ground electrode shall be furnished and 
installed. Ground electrodes of steel or iron shall be one- 
piece lengths of galvanized rod or pipe at least three- 
fourths (34) inch in diameter. Electrodes of nonferrous 
materials, or their approved equivalent, shall be not less 
than one-half (#2) inch in diameter. Ground electrodes 
shall be installed in accordance with the provisions of the 
code. The service equipment shall be bonded to the 
ground electrode by use of a ground clamp and No. 6 
AWG copper wire, enclosed in a one-half (12) inch diam- 
eter conduit. 

When a ground connection is required in a series light- 
ing system, a plug cutout, as shown on the plans, shall be 
connected into the circuit and installed in a pull box. The 
plug shall be grounded to a water pipe or ground electrode. 

Where a metal conduit system parallels, or crosses, a 
permanent water system in accessible areas, grounding 
jumpers shall be installed at intervals not exceeding five 
hundred (500) feet. 

Ground clamps for service grounding and for grounding 
of equipment on wood poles shall be a one-half (12) inch 
galvanized, malleable iron conduit hub with swivel fea- 
ture. 

On wood poles, all equipment mounted less than eight 
(8) feet above ground surface shall be grounded. 

Bonding of metallic conduit in concrete pull boxes shall 
be by means of galvanized grounding bushings and bond- 
ing jumpers. 

Bonding of metallic conduit in steel pull boxes shall be 
by means of locknuts, one inside and one outside of the 
box. 
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623.02.11 Service. Electrical service installation and 
materials shall conform to the requirements of the serving 
utility. 

Service equipment shall be installed as soon as possible 
to enable the utility to schedule work well in advance of 
the completion of the project. 

Where the service point is a utility-owned pole, the Con- 
tractor shall furnish conduit, conductors, and all other nec- 
essary material. to complete the installation of the service 
riser. If the Contractor is required by the plans or special 
provisions to install the service riser and equipment on a 
utility-owned pole, the position of the riser and equipment 
will be determined by the utility. | 

Upon request of the Contractor, the Engineer will 
arrange with the serving utility to complete service connec- 
tions for both temporary and permanent installations and 
the Contractor shall pay all required costs and fees there- 
for. 

Upon request of the Contractor, the Engineer will 
arrange for furnishing electrical energy. Energy used prior 
to completion of the contract will be charged to the Con- 
tractor, except that the cost of energy used for public bene- 
fit, when such operation is ordered by the Engineer, will 
be at the expense of the State or local authorities. 

Full compensation for furnishing and installing service 
poles, service equipment, conduit and conductors (includ- 
ing equipment, conduit, and conductors, placed on utility 
owned poles, and the additional conductor where the serv- 
ing utility requires 3-wire, 120/240-volt service into the 
meter socket for a 120-volt load), and for any service con- 
nection fees, shall be considered as included in the contract 

item of electrical work involved and no additional com- 
pensation will be allowed therefor. 

(a) Service Conduit and Riser. Service conduit for 
multiple lighting or traffic signals shall be not less than 
two (2) inches in size. Service conduit for series lighting 

shall be not less than one and one-half (1%) inches in size. 

Service riser conduit shall terminate with a service head 
or shall be sealed to prevent the entrance of water, as 
approved by the serving utility. 
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(b) Service Equipment. Service equipment for multi- 
ple lighting systems or traffic signals, or both, shall be a 
3-wire, solid-neutral, fused switch. The switch shall be 
enclosed in a NEMA Type 3R raintight enclosure which 
shall be provided with a top hinged cover, hasp for sealing 
cover, and provisions for locking the handle in the “On” 
and “Off” positions. The padlock will be furnished by 
others. Service switch cabinet cover shall not be inter- 
locked with operating handle. 

When specified in the special provisions or shown on the 
plans a circuit breaker may be used in lieu of the service 
switch specified above. Ratings shall be as shown on the 
plans. Circuit breakers shall be approved and listed by the 
UL. The operating mechanism shall be enclosed and shall 
be trip-free from operating handle on overload, shall be 
trip-indicating and shall have trip and frame size plainly 
marked. Multiple-pole circuit breakers shall have a com- 
mon trip. All circuit breakers shall be quick-make, quick- 
break on either automatic or manual operation. Contacts 
shall be silver alloy enclosed in an arc quenching chamber. 
Overload tripping of breakers shall not be influenced by an 
ambient temperature range of from zero (0) degrees Fahr- 
enheit to plus one hundred sixty (160) degrees Fahrenheit. 
Enclosure for circuit breakers shall be provided with a top 
hinged cover, dead front panel and a hasp for a padlock. 

Where a kilowatt-hour meter is required, a meter socket, 
as approved by the serving utility, complete with sealing 
rings, shall be furnished and installed. Service equipment 
for traffic signals or flashing beacons shall, in addition, be 
provided with a manual circuit closing device or space for 
a test block as required by the serving utility. 

Each service for a series lighting circuit shall be pro- 
vided with a series circuit switch of 5,000-volt rating. The 
switch shall be enclosed in a NEMA Type 3R, eighteen 
inches by twenty-four inches by six inches (18” x 24” x 6”), 
cutout box. The cutout box shall be fitted with a cover 
permanently inscribed “Danger—High Voltage.” The 
cover shall be attached to the box to form a raintight plate 
and shall require tools for removal. The cutout box shall 
be installed not less than eight (8) feet above the ground. 
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Service equipment enclosures, except cast aluminum 
meter sockets, shall be hot-dip galvanized or, at the option 
of the Contractor, said enclosures may be provided with a 
factory applied rust resistant prime coat and baked enamel 
finish coat, in lieu of galvanizing. 

(c) Series Circuit Switches. Switches for high voltage 
switching shall be of the oil-filled type. The switch assem- 
bly shall consist of twin blades, contacts, terminal blocks, 

twin plastic shafts, container and mounting plate. 
The switch shall operate with the contacts submerged in 

oil. The oil for the switches shall be insulating oil and shall 
conform to the specifications of ASTM Designations: 
D117, D877, and D1040. Level of oil shall be a minimum 

of two (2) inches above the contacts. 
The basic design feature of the switch shall consist of 

both stationary contacts and movable blades. The station- 
ary contacts shall consist of load and line. The twin blades 
shall be isolated from each other by a high dielectric 
strength plastic material secured with plastic screws. When 
the blades are separated from the stationary contacts, the 
contacts shall have sufficient spring action to insure posi- 
tive electrical continuity and shall shunt both line leads 
and load leads simultaneously, as well as isolate the line 
from the load. In circuit energized position, the stationary 
contacts shall hold or lock the blades with approximately 
five (5) pounds pressure. The action of the stationary con- 
tacts shall be coordinated with the movement of the blades, 

so there is always positive make-before-break contact on 
both opening and closing of the switch. 

The conducting blade shall have a minimum cross- 
sectional area of 0.027 square inch and the stationary con- 
tact shall have a minimum surface area of 0.25 square 
inch. Both the blades and the contacts shall be fabricated 
of either copper or bronze. 

The insulating plastic material, which separates the two 
blades, shall be attached to the plastic shafts by means 
of plastic screws. The twin plastic shafts with handle 
attached on top shall be operated in upward and down- 
ward movements through the top of the container. The 
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shafts, for operation of the switch extending downward, 
shall have a positive stop to prevent the blades from over- 
traveling down the stationary contacts (load and line). 

The shaft openings in the top of container shall be 
equipped with gland and O-ring devices to preclude oil 
contamination. 

An oil-filler hole shall be provided in the top of the 
unit and shall be fitted with a leak-proof polyvinyl plug. 

The container for the switch shall be of oil-resistant 
clear acrylic plastic with a maximum outside diameter of 
five (5) inches and shall have a maximum depth of five and 
three-fourths (534) inches when a mounting bracket is 
attached. The overall height shall not exceed eleven (11) 
inches when the operating shafts are fully extended. 

The bottom cover for the terminal compartment shall 
be of molded plastic material with one (1) inch round holes 
for wiring connectors. The shape of the cover shall be 
cylindrical and shall attach to the barrier with two (2) 
plastic screws. 

The feed-through conductors for connecting terminals 
and contacts shall be five-sixteenths (°4.) inch minimum, 

bronze or copper machine screws and shall be completely 
sealed to the main body of the unit to prevent oil leakage. 
In addition, bare copper terminals, capable of accommo- 

dating up to and including No. 6 AWG conductors shall 
be externally attached, and the entire assembly shall be 
sufficiently rigid to allow adequate torquing when wiring 
connections to terminals are made. 

A physical barrier of plastic material shall be rigidly 
attached to the bottom of the case and shall extend dia- . 
metrically between the terminals used for connection to the 
constant current transformer. The barrier shall be of suf- 
ficient length and finished to coincide with the circumfer- 
ence of the bottom of the plastic body. The barrier shall be 
seven-sixteenths (4,6) inch minimum thickness and one 
and three-fourths (134) inches minimum height. Holes to 
accommodate two (2) machine screws shall be drilled and 
tapped into the barrier for attachment to the bottom cover 
for the terminal compartment. 
A five and one-half (51%) inch by six and one-half (612) 
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inch mounting plate of high impact strength laminated 
thermoplastic material shall be attached to the container 
by means of copper or bronze machine screws and shall be 
positioned so that easy switch operation will be attained. 
Three one-fourth (4) inch holes shall be drilled on each 
side of the plate for mounting in an eighteen inch by 
twenty-four inch by six inch (18” x 24” x 6”) enclosure. 

A five (5) inch long plastic lever with an attached mov- 
able self-locking detent shall be placed between the shafts 
and shall be fastened to the container mounting plate with 
a pivoting device. This plastic level shall be restricted to 
operate in an imaginary plane perpendicular to the mount- 
ing plate and shall be capable of withstanding a load of 
five (5) pounds minimum when applied to the operating 
handle in an upward direction, locking it in position with 
the detent. 

The entire oil-filled switch assembly shall be capable of 
withstanding the following voltage tests: 

i. Terminals to ground—20 K.V. 
2. Contacts to operating handle—20 K.V. 
3. Across open-circuited terminals—20 K.V. 

623.02.12 Wood Poles. Wood poles for service or 
temporary installation shali be ASA Class 5, or larger, 
Douglas Fir or Southern Yellow Pine. 

Poles shall not have more than one hundred eighty 
(180) degrees twist in grain over the full length. Sweep 
shall be no more than four (4) inches. Top of poles shall 
be beveled. Poles shall be placed in the ground to a depth 
of at least six (6) feet. The lengths of poles shall be twenty- 
five (25) feet for service poles and thirty-five (35) feet for 
other poles, unless otherwise specified. 

After each wood pole is set in the ground, the space 
around the pole shall be backfilled with selected earth or 
sand, free of rocks and other deleterious material, placed 
in layers approximately 0.33 foot thick. Each layer shall 
be moistened and thoroughly compacted. 

Mast arms and tie rods for wood pole installations shall 
conform to the provisions in subsection 623.02.04, “Stand- 
ards, Steel Pedestals, and Posts,’ and to the details shown 
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on the plans. Each mast arm shall be provided with an 
insulated wire inlet and wood pile mounting brackets for 
mast arm and tie rod crossarm. 

Mast arms for luminaires shall be mounted to provide 
a mounting height of thirty (30) feet. Mast arms for traffic 
signals, flashing beacons, and overhead detectors shall pro- 
vide a minimum vertical clearance of seventeen (17) feet 
from bottom of equipment to the pavement. 

Wood poles, not to be painted, shall be pressure treated 
after fabrication as provided in Section 615, “Preservative 
Treatment for Timber.” 

623.02.13 Sign Switches. Each sign illumination 
installation shall be provided with a disconnect switch 
mounted on the sign standard or structure, as shown on the 
plans. Where the sign lighting is served from a series light- 
ing system through a series-multiple transformer or from a 
multiple service, each sign structure shall have a 120-volt, 
240-volt, or 480-volt fused AC switch, approved by UL 
as service equipment as shown on the plans. 

Enclosure for the sign switch shall be NEMA Type 3R, 
shall be galvanized or, at the option of the Contractor, 
shall be provided with a factory applied rust resistant 
prime coat and baked enamel finish coat, in lieu of gal- 
vanizing, and shall be provided with top hinged cover, 
hasp for sealing cover and provisions for locking the han- 
die in the “On” and “Off” positions. Padlocks will be fur- 
nished by others. 

When specified in the special provisions, a circuit 
breaker shall be provided in lieu of the above fused switch. 
Circuit breakers shall conform to the requirements under — 
subsection 623.02.11, “Service,” and the ampacity of the 
circuit breaker shall conform to the requirements of the 
code. 

In the event the sign structure is to be painted, the sign 

switch or circuit breaker enclosure shall be painted the 
same color as the sign structure on which it is installed. 

623.02.14 Field Tests. Prior to completion of the 
work, the Contractor shall cause the following tests to be 
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made on all traffic signal, sign illumination, and lighting 
circuits, in the presence of the Engineer: 

(a) Continuity. Each circuit shall be tested for con- 
tinuity. 

(b) Ground. Each circuit shall be tested for grounds. 
(c) Megger. A megger test at 500 volts DC shall be 

made on each circuit between the circuit and a ground. 
The insulation resistance shall not be less than 10 meg- 
ohms on all circuits, except for inductive loop detector cir- 
cuits which shall have an insulation resistance value of not 
less than 100 megohms. 

(d) Functional. A functional test shall be made in 
which it is demonstrated that each and every part of the 
system functions as specified. 

The functional test for each new or modified traffic sig- 
nal, flashing beacon and ramp metering system shall con- 
sist of not less than five (5) days of continuous satisfactory 
operation. If unsatisfactory performance of the system 
develops, the condition shall be corrected and the test shall 
be repeated until the five (5) days of continuous satisfac- 
tory operation is obtained. 

The initial turn-on shall be made between 9:00 a.m. 
and 2:00 p.m. unless specified otherwise in the special 
provisions. Prior to turn-on, all equipment as shown on the 
plans shall be installed and operable. This includes 
“WALK—DON’T WALK” pedestrian signals, pedestrian 
push buttons, vehicle detectors and highway lighting. All 
louvers, hoods and signal heads shall be directed to pro- . 
vide maximum visibility. 

Turn-on of new or modified traffic signal systems shall 
be made only after all traffic signal circuits have been 
thoroughly tested as specified above. 

The functional test for each lighting system and sign 
illumination system shall consist of an operational test for 
two (2) consecutive days according to the regular lighting 
schedule. 

During the test period, state or local forces will main- 
tain the system or systems. The cost of any maintenance 
necessary, except electrical energy and maintenance due 
to damage by public traffic, shall be at the Contractor’s 
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expense and will be deducted from any moneys due or to 
become due the Contractor. 

Functional tests shall start on any working day except 
Friday, or the day preceding a legal holiday. 

Shutdown caused by damage by public traffic or a power 
interruption shall not constitute discontinuity of the func- 
tional test. 

(e) High Voltage. The Contractor shall perform, on 

high-voltage series lighting circuits, a high-voltage test 
consisting of an 8,400-volt, 60-Hz. alternating current 
between the conductors and a ground for five (5) consecu- 
tive minutes with the two ends of the circuit connected 
together. The initially applied voltage shall be applied to 
the entire completed circuit and shall not be greater than 
the rated voltage of the cable and the rate of increase shall 
be approximately uniform and not over one hundred (100) 
percent in ten (10) seconds nor less than one hundred 
(100) percent in sixty (60) seconds. The voltage shall be 
increased to the value of 8,400 volts root mean square and 
held at this value for five (5) minutes. 

When permitted by the Engineer, the Contractor may, 
in lieu of the above 8,400-volt test, perform a high-voltage 
series lighting test consisting of the open circuit voltage of 
the connected constant current transformer between con- 
ductors and ground. 

The high-voltage test shall not be performed on existing 
circuits or equipment. This shall in no way relieve the 
Contractor from his responsibility for malfunctioning of 
existing lighting circuits due to his making splices in or 
connecting to the circuits, and such malfunctions shall be 
corrected. 

Any fault in any material or in any part of the installa- 
tion revealed by these tests shall be replaced or repaired 
by the Contractor at his expense in a manner permitted by 
the Engineer, and the same test shall be repeated until no 
fault appears. 

623.02.15 Galvanizing. Galvanizing shall be in 
accordance with the provisions in Section 715, “Galvaniz- 
ing,” except that cabinets may be constructed of material 

632 



SIGNALS AND LIGHTING 623 

galvanized prior to fabrication in conformance with the 
specifications of ASTM Designation: A525, Coating Des- 
ignation G90. 

Iron or steel pipe standards and pipe mast arms shall be 
hot-dip galvanized after fabrication in conformance with 
the specifications of ASTM Designation: A120. 

Tie-rods, nuts, washers, clamps and other miscellaneous 
ferrous parts shall be hot-dip galvanized after fabrication 
in accordance with the provisions in Section 715, “Gal- 
vanizing.” ; 

Not less than ten (10) inches of the upper end of the 
anchor bolts, anchor bars, or studs, and all nuts and wash- 
ers shall be galvanized in accordance with the provisions 
in Section 715, “Galvanizing.” 

After galvanizing, the bolt threads shall accept galva- 
nized standard nuts without requiring tools or causing 
removal of protective coatings. 

Galvanizing of existing materials in an electrical instal- 
lation will not be required. 

623.02.16 Painting. Painting of electrical equipment 
and materials shall conform to the provisions in Section 
614, “Painting,” with the following additions and modifi- 
cations: 

Paint materials for electrical installation, unless other- 
wise specified, shall conform to the provisions in Section 
714, “Paints.” 

Factory or shop cleaning methods for metals will be 
acceptable if equal to the methods specified herein. 

In lieu of the temperature and seasonal restrictions for 
painting as provided in Section 614, “Painting,” paint may 
be applied to equipment and material for electrical instal- 
lations at any time approved by the Engineer. 

All ferrous surfaces to be painted shall be cleaned as 
provided in said Section 614, “Painting,” prior to applying 
the vinyl wash primer or prime coat. Blast cleaning of 
galvanized metal surfaces in good condition, as determined 
by the Engineer, will not be permitted. 

Existing equipment to be painted in the field, including 
State-furnished equipment, shall be washed with a stiff 
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bristle brush using a solution of water containing two (2) | 
tablespoonsful of heavy duty detergent powder per gallon. | 
After rinsing, all surfaces shall be wire brushed with a | 
coarse, cup shaped, power driven brush to remove all | 
poorly bonded paint, rust, scale, corrosion, grease, or dirt. | 
Any dust or residue remaining after wire brushing shall | 
also be removed prior to priming. 

Galvanized metal poles and metal guard posts will not | 
require painting. 

Two finishing coats of Aluminum Paint, Finish Coat, © 
Section 714, “Paints,” shall be applied to the following 
nongalvanized equipment: Controller cabinets, reused light- 
ing and signal standards, and reused luminaires; and to © 
exterior surfaces and ungalvanized steel edges of raintight — 
enclosures (switches, service, control equipment, trans- 
formers, etc.). | 

Interior of signal hoods, louvers, and front faces of back | 
plates shall be finished with two coats of Enamel; Traffic 
Signal, Lusterless, Black, as provided in Section 714, | 
“Paints,” except that factory enamel finish in good condi- 
tion will be acceptable. 

Painting of outside of signal heads and other signal 
equipment which have been factory enameled in dark olive 
green and are in good condition, may be omitted. 

Factory finish on new equipment will be acceptable if 
of proper color and if equal in quality to the specified 
finish. 

Conduit and conduit fittings above ground shall be pre- 
pared and finished in the same manner as the adjacent 
standard or post. 

Signal heads, signal head mounting, brackets and fit- 
tings, outside of hoods, pedestrian push button housings, 
pedestrian signal head housings and hoods, and back faces 
of back plates shall be finished with two coats of Enamel; 
Traffic Signal, Dark Olive Green, as provided in Section 
714, “Paints.” 

Reused equipment previously finished as specified in 
subsection 623.02.15, “Galvanizing,” shall be given a spot 
finishing coat on newly primed areas, followed by one 
finishing coat over the entire surface. 
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Reused galvanized equipment with extensively rusted 
areas shall be cleaned and painted as provided for nongal- 

_ vanized equipment. 

Small rusted or repaired areas of reused galvanized 
equipment shall be cleaned and painted as provided in Sec- 
tion 715, “Galvanizing,” for repairing damaged galvanized 
surfaces. 

New galvanized equipment shall not be painted. 

All paint coats may be applied either by hand brushing 
or by approved spraying machines in the hands of skilled 
operators. The work shall be done in a neat and workman- 
like manner. The Engineer reserves the right to require 
the use of brushes for the application of paint, should the 
work done by the paint spraying machine prove unsatis- 
factory or objectionable, as determined by the Engineer. 

CONTROLLERS 

623.02.17 Controllers. A controller shall consist of 
a complete electrical mechanism for controlling the oper- 
ations of traffic control signals, including the timing mech- 
anism and all necessary auxiliary equipment, mounted in a 
cabinet. 

All equipment inputs, outputs, and terminals shall be 
identified by the phase designations shown on the plans. 

623.02.18 Interval Sequence. The color sequence of 
signal indications shall be green, yellow, red. During any 
interval there shall be no visual flicker of signal indica- 
tions. 

623.02.19 Flashing Operations. All controller cab- 
inets shall be equipped for flashing operation of signal 
lights. Flashing operations, when required by railroad pre- 
emption, flashing control, or other causes, shall be set for 
flashing yellow lights on the main street or highway and 
for flashing red on the cross street or streets or left turn 
lanes, unless otherwise specified in the contract documents 
or directed by the Engineer. 
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623.02.20 Railroad Pre-emptor. The railroad pre- 
emptor shall pre-empt normal controller unit operation, 
or flashing operation as provided in subsection 623.02.- 
31(j)5, “Police Panel Switches,” when actuated by the 
normally closed track circuit or by a test switch. The pre- 
emptor shall cause the signals to display the sequence of 
indications shown on the plans. Once clearance sequence 
is begun it shall continue to the end regardless of the con- 
dition of the track circuit or test switch. After the track 
clearance interval the signals shall flash while the pre- 
emption circuit is actuated. When the track circuit or test 
switch is returned to its normal condition fiashing opera- 
tion shall terminate through the signal sequence shown on 
the plans. The controller shall go through the phase 
sequence shown on the plans as if calls had been received 
on all phases. Pedestrian “WALK” indications shall appear 
with the first corresponding green indication. 

623.02.21 Pre-emption Equipment. The pre-emptor 
shall consist of solid-state or electro-mechanical com- 
ponents and circuits. Solid-state circuitry shall conform to 
the material requirements specified in subsection 623.- 
02.31, “Solid-State Traffic Actuated Controller Units.” 

The pre-emptor shall be a module which plugs into the 
controller unit, or a separate unit built on a shelf mounted 
chassis which is connected into the controller through an 
“MS” connector. 

The controller shall operate only in the flashing mode 
when the pre-emptor is removed. 

The pre-emptor shall be provided with timing controls 
for the intervals shown on the plans. Pilot lights shall indi- 
cate which interval the pre-emptor is in. Means shall be 
provided to turn the pilot lights on and off. 

A momentary contact, normally closed switch shall be 
installed in series with the track circuit to provide a means 
to test the pre-emptor. 

Relays and flashers shall be as specified for controllers. 
During pre-emption of normal signal operation, the signal 
lights may be switched by the normal load switching 
devices. 
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623.02.22 Operating Voltage. All traffic signal equip- 
ment, except pedestrian push buttons, shall be designated 
to operate from a 120-volt, 60-Hz, AC supply. Operation 
shall be satisfactory at voltages from one hundred five 
(105) to one hundred thirty (130). 

The voltage for pedestrian push buttons shall not exceed 
eighteen (18) volts. 

623.02.23 Radio Interference Suppressors. Each traf- 
fic controller unit, flasher, and other current interrupting 
device shall be equipped with a suitable radio interference 
suppressor installed at the input power point. Interference 
suppressors shall be of a design which will minimize inter- 
ference in both broadcast and aircraft frequencies, and 
shall provide a minimum attenuation of 50 decibels over 
a frequency range of 200 kilocycles to 75 magacycles 
when used in connection with normal installations. The 
interference suppressor shall be hermetically sealed in a 
substantial metal case filled with a suitable insulating 
compound. Terminals shall be nickel-plated, 10-24 brass 
studs of sufficient external length to provide space for 
connecting two No. 8 AWG conductors, and shall be 
so mounted that the terminals cannot be turned in the case. 
Ungrounded terminals shall be properly insulated from 
each other, and shall maintain a surface leakage distance 
of not less than one-fourth (4) inch between any exposed 
current conductor and any other metallic part, with an 

insulation factor of 100-200 megohms dependent on 
external circuit conditions. Suppressors shall be designed 
for one hundred twenty-five (125) percent of the total 
connected load and in no event less than 25 amperes, 120 

volts, 60 Hz., single-wire circuits, and shall meet stand- 

ards of the UL and the EIA. 

623.02.24 Traffic Actuated Controller Units. The 
types of traffic actuated controller units, cabinets and aux- 
iliary equipment will be designated on the plans or speci- 
fied in the special provisions. 

Time spans and actuation limits given for various func- 
tions are minimum and may be expanded. 

637 



623 SIGNALS AND LIGHTING 

The adjusted vehicle clearance interval for all types of 
traffic actuated controller units shall remain constant 
regardless of the reason for phase termination. 

623.02.25A Electro-Mechanical Controller Units. 
Types of electro-mechanical traffic actuated controller 
units are as follows: 

(a) Type I Controller Unit. Type I controller unit 
shall be a 2-phase, full traffic actuated, traffic control 

device capable of transferring traffic indication from one 
phase to the other as the movement of traffic demands. 

In the absence of detector actuation, or closed recall 
switch, the right of way shall remain on the traffic phase 
upon which the last actuation occurred. 

The actuation of a detector in the lane or lanes having 
the right of way during the extendible portion of that 
traffic phase shall cause the retention of right of way by 
that traffic phase for one unit extension from the time of 
actuation. 

The actuation of any detector on a traffic phase not 
having the right of way shall cause the transfer of the 
right of way to that traffic phase immediately following 
the expiration of one unit extension during which there 
was no actuation on the other traffic phase. 

The transfer of the right of way for any traffic movement 
shall take place only after a proper clearance interval 
which is adjustable from two (2) to eight (8) seconds. The 
adjusted interval shall remain constant regardless of the 
reason for phase termination. 

The minimum green interval shall consist of an initial 
portion and one unit extension. The initial portion shall be 
adjustable between ten (10) and thirty (30) seconds. The 
unit extension shall be adjustable from two (2) to twelve 
(12) seconds. 

Successive detector actuations spaced less than one 
unit extension shall not retain the right of way for more 
than the extension limit. 

The timing of the extension limit shall commence with 
the first actuation on the traffic phase not having the right 
of way, provided that the initial portion has expired. 
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An actuation during the clearance period for a traffic 
phase shall cause the right of way to return to that phase 

' immediately following the expiration of one unit extension 
during which there was no actuation on the other traffic 
phase. 

When the traffic demand on any phase is continuous 
and spaced less than a unit extension, the extension limit 
shall limit the resetting of the unit extension and terminate 
the extension of right of way on that phase. The extension 
limit shall be adjustable between ten (10) and sixty (60) 
seconds. 

When the right of way is transferred by the operation 
of the extension limit, the traffic phase losing the right of 
way shall again receive it without further actuation imme- 
diately following the expiration of one unit extension 
during which there is no actuation on the other traffic 
phase, or the expiration of the extension limit on the other 
traffic phase. 

A recall switch shall be provided for each traffic phase. 
When closed, the recall switch shall cause the automatic 

return of the right of way to the desired traffic phase or to 
both traffic phases, alternately, in the event both recall 

switches are closed. 
(b) Type II Controller Unit. Type II controller unit 

shall be a 3-phase, full traffic actuated, traffic control 

device with functions similar to the Type I controller 
except that three phases shall be provided, and timing of 
the vehicle extension limit shall commence with the first 
actuation on either traffic phase not having the right of 
way. The Type II controller unit shall be equipped with 
provisions for skipping any phase when there is no call 
for that particular phase. 

The controller unit shall be equipped so that it may be 
coordinated with other controller units or supervised by a 
master system. 

Phase overlap connections shall be available at the con- 
troller unit connector. 

(c) Type III Controller Unit. Type III controller unit 
shall be a 2-phase, full traffic actuated, traffic control device 
capable of transferring traffic control indication from one 
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phase to the other as the movement of traffic demands 
and shall be capable of increasing and decreasing the 
various time intervals due to variations in volume of mov- 
ing traffic and of waiting traffic. 

The controller operations shall include, but shall not 
be limited to the following functions: 

In the absence of detector actuation, the right of way 
shall remain on the traffic phase upon which the last 
actuation occurred. 

When the transfer of the right of way occurs on any 
traffic phase, the minimum green interval shall consist of 
a minimum initial portion, adjustable between five (5) and 
sixty (60) seconds. 

Continued actuations on the traffic phase not having the 
right of way beyond a predetermined number of actuations 
shall cause the initial portion next shown for that traffic 
phase to be increased. This added initial portion shall be 
in relation to the number of added actuations, adjustable 
between five (5) and thirty-five (35) seconds, and the 
increase in the time per actuation shall be adjustable 
between zero (0) and two (2) seconds. 

In light and intermittent traffic, an actuation on a traffic 
phase having the right of way shall cause the retention of 
the right of way by that traffic phase for one passage 
period from the time of actuation. Passage period shall be 
adjustable between five (5) and fifteen (15) seconds. 

Should the transfer of the right of way from one traffic 
phase to another take place before the passage period has 
expired the right of way shall be returned to that traffic 
phase without further actuation. 

The transfer of the right of way from any traffic phase 
shall take place only after a clearance interval adjustable 
from two (2) to eight (8) seconds. 

Successive actuations on any traffic phase shall not 
retain the right of way on that traffic phase for more than 
the extension limit. The extension limit shall be adjustable 
between ten (10) and ninety (90) seconds. . 

The timing of the extension limit shall commence with 
an actuation or other registration of traffic demand for 
right of way on the traffic phase not having the right of 
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way, provided the minimum initial portion and the added 
portion have expired. 

An actuation during the clearance period for a traffic 
phase shall cause the right of way to return to that phase 
without further actuations. 

The length of the unit extension on any traffic phase 
shall be variable within predetermined limits and shall be 
established by the features described as follows: 

**The frequency of actuations on any traffic phase hav- 
ing the right of way shall determine the unit extension on 
that traffic phase. 

Actuation on any traffic phase not having the right of 
way shall reduce the unit extension on the traffic phase 
having the right of way in proportion to the time elapsing 
after that actuation. 

**Successive actuations on any traffic phase not having 
the right of way shall decrease the unit extension on the 
traffic phase having the right of way in proportion to the 
number of actuations. 

** Actuations on a traffic phase having the right of way 
shall by the operation of the carryover when the right of 
way is transferred to another traffic phase, reduce the unit 
extension of the latter traffic phase in anticipation of the 
expected arrival of a platoon of vehicles on the first traffic 
phase. 

A recall switch shall be provided for each traffic phase 
which, when closed, shall cause the automatic return on 

the right of way to the desired traffic phase or to both 
traffic phases, alternately. 

Pilot lights shall be provided to indicate the position of 
the controller at all times with regard to operating intervals 
on each traffic phase and also to indicate which of the 
several effects is responsible for termination of right of 
way. A switch shall be provided to energize the pilot lights 
only when needed. 

(d) Type IV Controller Unit. Type IV controller unit 
shall be a 3-phase, full traffic actuated, traffic control 
device with functions similar to the Type III controller 
unit, except as follows: 

1. Three phases shall be provided. 
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2. The right of way shall not be given to any street 
in the absence of actuation thereon. 

3. Paragraphs marked ** in subparagraph (c), 
“Type III Controller Unit,” do not apply to the Type IV 
controller unit. 

The Type IV controller unit shall be equipped with pro- 
vision for skipping any phase when there is no call for that 
particular phase. 

Phase overlap connections shall be available at the con- 
troller unit connector. 

(e) Type V Controller Unit. Type V controller unit 
shall be a 2-phase, semi-traffic actuated, control device 
which shall, in response to calls from the minor street, 
transfer the right of way to the minor street. 

In the absence of actuation of any detector, the right of 
way shall return to and remain on the approaches not pro- 
vided with detectors. 

The transfer of the right of way from any traffic move- 
ment shall take place only after a clearance interval which 
is adjustable from two (2) to eight (8) seconds. 

Following the transfer of the right of way to the 
approaches not provided with detectors, a minimum period 
which is adjustable from thirteen (13) to eighty (80) 
seconds shall be timed before transfer of the right of way 
to the approaches having detectors. 

The actuation of any detector shall cause the right of 
way to be transferred to that approach at the expiration 
of a minimum period, in accordance with the interval 
sequence provided. 

The minimum green interval on approaches having 
detectors shall consist of an initial portion and one unit 
extension. The initial portion shall be adjustable from two 
(2) to twelve (12) seconds. The unit extension shall be 
adjustable from two (2) to twelve (12) seconds. 

The actuation of any detector during the extendable 
portion shall cause the right of way to remain on that 
traffic phase for an additional unit extension to be timed 
from the moment of detector actuation. 

If there is no detector actuation during the extendable 
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portion, the right of way shall be transferred to the 
approaches without detectors. 

Successive detector actuations spaced less than a unit 
extension shall not retain the right of way for more than 
the extension limits. The extension limit shall be adjust- 
able from thirteen (13) to sixty (60) seconds. 

When the right of way is transferred by the operation 
of the extension limit, the right of way shall be returned 
to the approaches with detectors after the expiration of a 
minimum period. 

The controller shall be so equipped that it may be 
coordinated with other controllers or supervised by a 

master system. 

(f) Auxiliary Movement Controller Unit. Auxiliary 
movement controller unit shall be a traffic actuated auxil- 
lary traffic control device capable of modifying all or a 
portion of an actuated controller unit traffic phase for 
the purpose of permitting an auxiliary traffic phase. 

In the absence of auxiliary movement detector actuation, 
the controller traffic phase shall not be modified. 

The minimum green interval shall consist of an initial 
portion and one unit extension. The initial portion shall 
be adjustable from two (2) to fifteen (15) seconds. The unit 
extension shall be adjustable from two (2) to twelve (12) 

seconds. 
The actuation of an auxiliary movement detector during 

the extendable portion shall cause retention of the right 
of way for one unit extension from the time of actuation. 

Successive detector actuations spaced less than a unit 
extension shall not retain the right of way for more than 
the extension limit. The extension limit shall be adjustable 
from ten (10) to sixty (60) seconds. 

The timing of the extension limit shall commence 
immediately following expiration of the initial portion, 
except that the extension limit may be allowed to function 
during other intervals of the controller for secondary 
timing purposes. 

Upon the expiration of one unit extension during which 
there was no actuation on the auxiliary movement detector, 
right of way shall be returned to the parent phase. 
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The transfer of the right of way shall take place only 
after a proper clearance interval which is adjustable from 
two (2) to eight (8) seconds. 

An actuation during the clearance period shall cause the 
right of way to return to the auxiliary traffic phase follow- 
ing the answering of traffic demand on the parent, non- 
parent and other phases of the intersection controller. 

When the right of way is transferred by the operation of 
the extension limit, the right of way shall return to the 
auxiliary traffic phase following the answering of traffic 
demand on the parent, nonparent and other phases of the 
intersection controller. 

Timing of the controller parent phase shall either begin 
with auxiliary movement timing or shall be stopped until 
the auxiliary movement timing has terminated, as required 
to provide system operation in accordance with the phase 
diagrams shown on the plans and as specified in the spe- 
cial provisions. In those systems where the auxiliary move- 
ment timing can extend beyond the parent phase, timing 
shall be stopped on the green interval of the following 
phase and shall be released when the auxiliary movement 
terminates. 

Parent and nonparent calls shall be placed in such a 
manner that modification of the controller traffic phase 
will take place at the first instant of parent phase green. 

A recall switch shall be provided for each auxiliary 
movement controller. 

(g) Phase Skip Unit. Phase skip unit shall be an aux- 
iliary control unit for supervising the functioning of auxil- 
lary movement controllers when used in conjunction with 
one phase (parent phase) of a 2-phase traffic actuated 
controller. 

With the 2-phase controller resting in the parent phase, 
and in the absence of actuations on the nonparent phase, 
an auxiliary actuation shall cause the phase skip unit to 
provide means for returning the controller to the initial 
portion of parent phase during which the minor movement 
phases normally occur without the necessity of the signal 
system passing through the nonparent phase. 
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The return to the auxiliary movements will be governed 
by the normal operating features of the controller and 
shall be accomplished without change in any signal indica- 
tions, through the various timing intervals to the beginning 
of the parent green interval. A normal length parent yel- 
low shall be displayed prior to the beginning of the green 
indication for left turn traffic. 

An actuation on the nonparent phase shali result in 
normal operation of the controller and sequence of phases. 

623.02.25B Mechanism for Electro-Mechanical Traf- 
fic Actuated Contreller Units. Construction of controller 
units shall be equal to that of first-class electrical instru- 
ments. Each variable shall be individually adjustable over 
its entire range by indicating type knobs, mounted on the 
timing panel of the controller unit. Changing the timing of 
one interval shall not change the timing of any other inter- 
val. Timing accuracy shall be within ten (10) percent of the 
dial setting. 

The controller unit shall be so designed that temperature 
variation between zero (0) degrees Fahrenheit and plus 
one hundred sixty (160) degrees Fahrenheit shall not 
change the timing intervals by more than five (5) percent. 

All contact points which make, break or carry electrical 
current shall be of fine silver, silver-alloy or superior 
alternative material, and shall be capable of making, 
breaking and carrying a current of one hundred fifty (150) | 
percent of maximum demand load of that particular circuit 
without causing electrical or mechanical trouble through 
one million (1,000,000) operations. 

All bearings, except approved sealed bearings, or mov- 
ing parts shall be of such design that lubrication at one (1) 
year intervals shall be sufficient to assure continuous oper- 
ation. 

The complete controller, and each auxiliary unit as 
specified, shall be assembled, wired, and housed in separate 
metal cases. All circuits of each unit shall terminate in a 
multiple contact connector. Conductors shall be attached 
to all pins of the connector and cabled. Conductors of the 
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cable, except spares, shall be fitted with terminals to match 
the terminal block and shall have identifying bands. Ends 
of spare conductors shall be taped. 

Connectors on all equipment cables shall be provided 
with strain relief clamps. 

In addition to actuation by vehicles, provisions shall be 
made in the mechanism for each phase for actuation or 
indirect actuation by means of pedestrian push buttons or 
railroad preemption, or both, without altering the con- 
troller mechanism. 

623.02.25C Auxiliary Equipment for Electro-Mechan- 
ical Traffic Actuated Controller Units. The following 
auxiliary equipment shall be furnished and installed in 
each cabinet for electro-mechanical traffic actuated con- 
troller units: 

(a) Flasher and Flasher Relay. Flasher shall be a 
solid-state device with no contact points or moving parts, 
producing between fifty (50) and sixty (60) flashes per 
minute with a forty (40) to sixty (60) percent duty cycle. 
The flasher mechanism shall be mounted on a plug-in 
base with a plug-in mounting. The flasher relay shall 
energize the flasher and transfer signal light circuits from 
controller unit to flasher and shall permit flashing yellow 
lights on the main street or highway and flashing red on 
the cross street or streets and left turn lanes and shall be 
similar in construction to external light relays specified for 
use with traffic actuated controller units. 

Flashing mechanism shall be independent of the con- 
troller unit and shall remain in operation upon shutdown 
of the controller or removal of the controller unit from the 
cabinet. 

(b) External Light Relays for Controllers. Relays shall 
be installed in the controller cabinet, external to the con- 

troller unit. 
External light relays shall be wired so that all opposing 

and conflicting traffic movement shall have a red indication 
prior to the display of green indication on the phase which 
is to receive the right of way. 

The relay assembly shall be one of the following types: 
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For 2-phase controllers—2 double-pole, double-throw 
relays. 

For 3-phase controllers—6 single-pole, double-contact, 
double-throw relays. 

Relays for special control devices and external light 
relays for pedestrian signals shall have double-pole, double- 
throw contacts. 

Relays shall be designed for continuous duty. Relays 
shall operate during ambient temperatures from zero (0) 
degrees Fahrenheit to plus one hundred sixty (160) degrees 
Fahrenheit. Each relay shall be mounted on a plug-in base 
with plug-in mounting as shown on the plans. Banana 
spring type plugs and jacks shall be used. 

Contact points shall be of fine silver, silver-alloy or 
superior, alternative material. 

Contact points and contact arms shall be capable of 
carrying a current of 20 amperes per contact at 120 volts, 
60 Hz., AC. 

Coils shall have a power consumption of 10 volt- 
amperes or less and shall be designed for continuous duty 
on 120 volts, AC. 
A leakage resistor, which will permit a small amount 

of current to pass through the relay coil if the contacts 
should remain closed after the coil circuit is opened, shall 
be installed with each external light relay to overcome 
residual magnetism effects. 

External light relays shall conform to the requirements 
of the following tests: 

1. Load Test. Relays shall show no failure while 
making, carrying and breaking a 20-ampere, 120-volt, AC, 
traffic signal lamp load through ten thousand (10,000) 
cycles at the rate of ten (10) cycles per minute. The cycle 
shall be fifty (50) percent on and fifty (50) percent off. 

2. Overload Test. Overload test shall consist of 
the following: 

Relay shall be electrically and mechanically operative 
after a momentary current of 100 amperes, 120 volts, AC, 
is applied to each set of closed contacts at least five (5) 
times with a minimum of two (2) minutes between applica- 
tions of current. 
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Relay shall not break down or flashover while carry- 
ing a load of 30 amperes, 120 volts for at least fifty (50) 
cycles at the rate of five (5) cycles per minute. Cycle shall 
be fifty (50) percent on and fifty (50) percent off. 

3. Dielectric Strength Test. Relays shall withstand 
a potential of 1,500 volts at 60 Hz. between insulated parts 
and between current carrying parts and grounded or non- 
current carrying parts. 

623.02.25D Special Auxiliary Equipment. Special 
auxiliary equipment shall be furnished and installed when 
shown on the plans or when required to perform specified 
functions, some of which are as follows: 

(a) Overlap Relays. Relays shall be installed to pro- 
vide overlap shown in phase diagrams. Overlap relays shall 
be the same types as specified for external light relays in 
subsection 623.02.25C(b), “External Light Relays for 
Controllers.” 

(b) Special Timing. Interval timers shall be installed 
for special timing. 

(c) Pedestrian Interval Timers. Interval timers shall be 
installed for pedestrian actuation, which may be operated 
in conjunction with the time extension traffic actuated con- 
trollers to provide a minimum green interval of suitable 
length for pedestrian movement and pedestrian clearance. 

The pedestrian interval timer assembly shall provide the 
following sequence of operation: 

Steady “WALK” interval. 

Flashing “DON’T WALK” clearance interval. 

Steady “DON’T WALK” interval. 

Flashing “DON’T WALK” indication shall occur during 
the pedestrian clearance interval and shall be accomplished 
by a separate flasher. The flasher for the pedestrian inter- 
val timer assembly shall conform to the provisions in sub- 
section 623.02.25C(a), “Flasher and Flasher Relay.” 

Where Type I, Type II, or Type V controller units are 
used, flashing “DON’T WALK” indication shall occur 
during the pedestrian clearance interval and shall continue 
until the beginning of the vehicle yellow interval. 
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This equipment shall be designed to provide the follow- 
ing functional operations as related to one of the phases 
of the controller. The equipment shall be so designed that 
two or more pedestrian interval timers may be used 
for pedestrian movements associated with other phases of 
controller unit, if desired. 

In the absence of actuation of the pedestrian push but- 
tons, the traffic actuated controller unit shall respond to 
vehicle actuation in accordance with its dial settings and 
without regard to the pedestrian interval timer. 

Actuation of the pedestrian push buttons with the con- 
troller unit showing red to the traffic phase associated with 
the pedestrian movement, shall place a call for right of 
way on said phase. 

When the right of way is next given to the selected 
phase, the pedestrian interval timers shall time a pedestrian 
interval and a pedestrian clearance interval of selected 
durations. The length of these intervals shall be readily 
adjustable. 

Signal circuits shall be provided for the display of 
“WALK” indication during the pedestrian interval and for 
“DON’T WALK” indication during the pedestrian clear- 
ance interval. In addition to the display of the “DON’T 
WALK” indication during the pedestrian clearance inter- 
val, the “DON’T WALK” indication shall be maintained 
at all times except when the pedestrian “WALK” indica- 
tion is displayed. 

Means shall be provided whereby the extension func- 
tions or minimum green functions of the traffic actuated 
controller unit may be operated in such a manner as to 
guarantee the display of the green vehicular signal to the 
selected phase for a period equal to the sum of the pedes- 
trian interval plus pedestrian clearance interval. 

Actuation of pedestrian push buttons during any part of 
right of way interval associated with the pedestrian move- 
ment or clearance shall not change the length of said inter- 
vals. 

Actuation of a pedestrian push button during the pedes- 
trian clearance interval or at any other time while the 
pedestrian “DON’T WALK” indication is being displayed, 
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shall register the presence of said pedestrian. This actua- 
tion shall be remembered so that the pedestrian “WALK” 
indication will be accorded at the next opportunity in the 
normal cycle of the traffic controller unit. 

In the event of a registered pedestrian actuation on a 
selected phase with no demand for pedestrian or vehicular 
right of way on an opposing phase or phases of the vehicle 
actuated controller unit, the pedestrian interval timer shall 
be capable of recycling and providing pedestrian and 
pedestrian clearance intervals with associated pedestrian 
signal indications. 

In the event of a pedestrian requirement for right of way 
on a phase having the green light but with demand for the 
right of way on an opposing phase of the vehicle actuated 
controller unit, the pedestrian interval timer shall remem- 
ber said pedestrian actuation and call for the necessary 
pedestrian intervals after the vehicle actuated controller 
unit has served the opposing demands. 

The pedestrian interval timer shall be enclosed in a 
metal case. It shall be equipped with suitably tagged leads 
to allow the addition of the equipment to existing traffic 
actuated controller units. It shall be so designed that all 
connections from the housing terminals to the pedestrian 
interval timer can be made by inserting a multi-terminal 
plug into the plug receptacle incorporated in the unit. 

The pedestrian interval timer shall be designed for oper- 
ation on 120 volts, 60 Hz. and shall have power consump- 
tion not to exceed 10 watts. 

In lieu of a separate pedestrian interval timer, the pedes- 
trian interval timing as described in this subsection may be 
included as an integral part of the traffic signal controller 
unit. 

(d) Directional Detector Relays. A directional detector 
relay unit shall be installed for each phase using directional 
detectors. 

(e) Calling Detector Relays. A calling detector relay 
shall be installed for each phase using a calling detector 
to eliminate a call from the calling detector to the control- 
ler unit during its associated green interval. 
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(f) Telephone Relays. Each telephone relay for inter- 
connection shall be single-pole, single-throw, with normally 
open contacts rated at 142 amperes, 120 volts, and with 
coil rated at 10,000 ohms, DC, and current sensitive to 
energize at a minimum of 2 milliamperes. The relay shall 
be sealed with a dustproof enclosure having a plug-in base 
for a standard octal socket. 

Two 42 ampere fuses shall be installed in the telephone 
circuit. A four inch by four and one half inch by three inch 
(4” x 414%” x 3”) sheet metal enclosure with a fiber board 
barrier separating the AC and DC circuits shall house the 
components specified in this subsection within the con- 
troller cabinet. 

(g) Test Switches. Test switches shall be installed in 
the controller cabinet to place calls on each phase. Test 
switches shall conform to the provisions in subsection 
623.02.38, “Pedestrian Push Buttons,” shall be mounted 
on a single readily accessible bracket, and shall be iden- 
tified with labels. 

(h) Toggle Switches. Toggle switches shall have poles 
as required and shall be rated at 20 amperes minimum per 
pole at 120 volts, AC. 

(i) Tumbler Switches. Tumbler switches shall have 
poles as required, shall be specification grade and shall be 
T rated at 15 amperes minimum per pole at 120 volts, AC. 

(j) Cartridge Fuses. Cartridge fuses shall be installed in 
panel mounted, indicating type fuse holders. Fuse type and 
rating shall be as recommended by the fuse manufacturer 
for the type of load being protected. 

(k) Circuit Breakers. Circuit breakers shall be as spec- 
ified for service switches in subsection 623.02.11, “Serv- 
ei . 

(1) Interconnect Isolation Relay Unit. An interconnect 
isolation relay unit, capable of electrically isolating direct 
interconnected traffic signal systems, shall be furnished 
and installed on the controller cabinet wall at each local 
intersection in the interconnected traffic signal system. 

Each isolation relay unit shall consist of a housing, 
terminal block, miniature relays, sockets and fuseholders 
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with integral function lights. One relay, fuse and light shall 
be provided for each assigned function. 

Housing shall be fabricated of noncorroding sheet metal 
and shall have a maximum volume of two hundred (200) 
cubic inches and approximate dimensions of four inches 
by four inches by twelve inches (4” x 4” x 12”). 

Terminal block shall be internally mounted at the rear 
of the housing and shall be easily accessible. Separate 
interconnect conductors or cable shall enter and leave the 
unit via the terminal block. 

Each miniature relay shall be enclosed, triple-pole, 
double-throw type, rated 120 volts, 60 Hz. with a mini- 
mum contact rating of 10 amperes. Each relay shall be 
mounted on an 11-pin, standard plug-in type base on the 
outside top of the housing. Relays shall be permanently 
marked to indicate the coil voltage. 

Fuseholders with integral function lights shall be mounted 
on the field removable front panel of the housing. The 
function lights shall be clearly visible and shall be illumi- 
nated when the respective relay is energized. 

Terminal block, relays and function lights shall be 
labeled to identify the specific function performed. 

(m) Three-Dial, Multi-Phase Coordinating Units. Three 
dial, multi-phase coordinating units shall conform to the 
following: 

For definition purposes in this section only, traffic phases 
shall be considered as running in sequence; such as, A—B- 
C-—D, etc. Also, any of these phases may consist of two 
separate auxiliary movements which must begin simulta- 
neously but may end at different times as long as the 
following phase is the auxiliary’s associated through phase. 

1. Coordinating units to be installed shall be 
equipped and wired to provide the following: 

a. Three dials. 
b. Three offsets per dial. 
c. Two sets of permissive periods. Each set of per- 

missive periods shall consist of a short permissive period 
for pedestrians and vehicles and a longer variable length 
permissive period for vehicles only. The second set of per- 
missive periods shall be for Phase C calls only. 
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d. Three maximum limits. 
e. Free operation. 
f. Offset interruption. 
g. When Phase B is skipped, the controller shall 

remain in Phase A until the second permissive period 
occurs. 

2. Cycle lengths shall be set up on the coordinating 
unit by installing gears of the proper size. Three sets of the 
following gears shall be furnished with each coordinating 
unit: 

One 60-second gear 
One 70-second gear 
One 80-second gear 
One 90-second gear 
One 100-second gear 
One 110-second gear 
One 120-second gear 
Units shall be so designed that gears may be easily 

removed or installed. 
Motors for dial units shall be rated at a minimum of 

five watts and shall be of the self-starting synchronous 
type. 

Closing of a contact or any number of contacts up to 
four simultaneously shall cause no variation or hesita- 
tion in the rotational speed of the motors, gears or dial 
unit. 

Except for those parts internal to a totally enclosed 
replaceable motor assembly, no shaft in the motor gear 
train, except armature spindle, shall be less than 0.125- 
inch in diameter, no gear shall be less than 0.045-inch in 
thickness, and no bearing plate shall be less than 0.0625- 
inch in thickness. 

Each coordinating unit shall have three motors. 
There shall be an off-on switch for each motor. 

3. Offsets shall be capable of being set without the 
use of tools and from the front panel of the coordinating 
unit. 

All offsets shall be adjustable in one (1) percent steps 
to any percentage of the asociated cycle length and the off- 
‘sets so set shall be clearly indicated. 

653 



623 SIGNALS AND LIGHTING 

4. Each coordinating unit shall provide two sets 
of permissive periods. The first permissive period of each 
set shall be for pedestrian and vehicle calls. This period 
shall be long enough to permit placing calls and does not 
have to be adjustable. The second permissive period of 
each set shall be adjustable and for vehicle calls only. If 
the first set of permissive periods is utilized, the second set 
shall become disabled and shall remain disabled until the 
coordinating unit has returned to the first set of permis- 
sives. Pedestrian calls received during Flashing Phase A 
“DON’T WALK” or Phase A “YELLOW?” shall receive 
their indication on the following associated vehicle 
“GREEN” if yield occurred during or before the pedes- 
trian permissive period. 

5. The maximum limit circuits shall be an integral 
part of the coordinating unit. The maximum limit circuits 
(force-offs) shall be adjustable in one (1) percent steps. The 
first force-off shall operate on Phase B only. The second 
force-off shall operate on Phase C only. The third force- 
off (if specified) shall operate on Phase D only. The regular 
maximum interval of the local controller (set in seconds) 
shall still be operable. Whichever maximum, percentage or 
seconds, is timed out first shall terminate the associated 
green phase. 

6. The coordinating unit shall be able to select free 
(non-coordinated) operation when called for by the master 
controller, by local time switch, or when a specific cycle 
or offset is called for. 

By suitable connections at the local controller, free 
Operation may be omitted. In this case, when the master 
controller calls for free operation, the local coordinating 
unit shall operate in dial number one and the associated 
average offset. 

Offset change, dial transfer, and transfer from free to 
coordinated operation shall take place at the first yield 
point. 

7. Each coordinating unit shall have an adjustable 
(O—40 seconds) offset interrupter provided. The interrupter 
shall be calibrated in five (5) second designations. 

When the local coordinating unit, for any reason, gets 
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out of synchronization with the master synchronized sys- 
tem, the length of the dwell in any one cycle shall be lim- 

_ ited to the time allowed by the offset interrupter. Timing 
shall start at the beginning of the dwell. 

A switch shall be provided which will eliminate the 
offset interrupter completely. 

8. Each coordinating unit shall be plug-connected, 
and it shall be possible to remove a unit and replace it with 
a similar unit without shutting off the power to the con- 
troller or signals. Removal of the coordinating unit and 
insertion of the coordinating unit harness receptacle into a 
shorting plug, which shall be mounted on the cabinet wall, 
shall cause the local controller to go to free operation. 

9. At local intersection (“Slave’’) locations a switch 
shall be provided for selection of free operation, coordi- 
nated operation, Dial Number 1, Dial Number 2, or Dial 
Number 3. Synchronization shall only be in effect in the 
coordinated position. 

10. An indicator light shall be provided at the local 
coordinating units to indicate the synchronization period. 

11. Absence of offset or dial informaticn on the 
interconnect shall place the coordinating unit in Dial 
Number 1. 

12. Ifthere are any skip positions in the cam knock- 
out, the first skip position shall be located between the first 
force-off and the second force-off. All the remainder of the 
skip positions shall be located between the last force-off 
and the beginning of the first. set of permissive periods. 

13. When the controller is working in coordinated 
operation, the internal maximum of the controller for 
Phase A shall be disabled. At all other times, the internal 
maximum of the controller shall remain operable. 

623.02.25E Traffic Actuated Controller Cabinet. Each 
traffic actuated controller unit and auxiliary equipment 
shall be housed in a weatherproof aluminum, steel, or 

other approved metal cabinet or cabinets, as shown on the 
plans, of sufficient size to contain the controller unit, all 
auxiliary equipment, terminal blocks, and the following 
fittings: 
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Substantial shelves or brackets to support controller unit 
and auxiliary equipment. 

Control panel assembly where shown on the plans con- 
sisting of: 

(a) Controller switch shall be wired to energize the con- 
troller timing circuits while the signal lights are off or are 
being operated by flasher. Switches shall be labeled and 
rated for load current. 

(b) Three-wire, 15-ampere, NEMA standard plug recep- 
tacle with grounding contact. 

(c) Fuse receptacle or circuit breaker. 
Two or more insulated terminal blocks shall be provided 

for terminating field conductors. Each block shall be pro- 
vided with twelve (12) poles with ten to thirty-two (10-32) 

screw type terminals. The terminal block shall be a barrier 
type with shorting bars in each of the twelve (12) positions 
and with integral type marking strips. 

All terminal blocks shall be provided with nickel, silver, 
or cadmium plated brass binder head screw terminals. 

Conductors from the controller unit shall terminate in 
“ring” type terminal lugs or shall be soldered to a through 
panel solder lug on the rear side of the terminal. All other 
conductors shall terminate in “spade” type terminal lugs. 

Terminal blocks rated 1,000 volts, RMS maximum, 20 
amperes, may be provided for connecting cables from the 
controller unit and conductors from external solid-state 
logic circuits. Conductors shall be secured to the terminal 
blocks with six (6) thirty-two by one-fourth (32 x 4%) inch 
bead screws. 

No more than three conductors shall be brought to 
any one terminal. Two flat metal jumpers, straight or U 
shaped, may also be placed under a terminal screw. At 
least two full threads of all terminal screws shall be 
fully engaged when the screw is tightened. No live parts 
shall extend beyond the barrier. 

Field terminals shall be installed on a channel support 
running from one side of the door opening to the other. 
Terminals shall be under the front edge of the shelves and 
shall be oriented for screwdriver operation straight in from 
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the door opening. Terminals shall be a minimum of six 
(6) inches above the foundation. 

The cabinet shall have a main door, which shall be 
equipped with a keyed tumbler lock, and an auxiliary door 
equipped with lock for police key. Two keys shall be fur- 
nished for each lock. Each police key shall have a shaft at 
least one and three-fourths (134) inches in length. Door 
hinge pins shall be made of stainless steel. 

The cabinet shall be installed with the back toward the 
nearest line of traffic. 

A police panel shall be provided behind the auxiliary 
door and shall contain a switch labeled “Flash-Automatic” 
and a switch labeled “Main” “On-Off.” Switch terminals 
on rear of main cabinet door shall be insulated so that no 
live parts are exposed. 

Each controlier cabinet door which is twenty-two (22) 

inches or larger in width or six (6) square feet or larger 
in area shall be provided with a stop to limit door opening 
to both ninety (90) and one hundred eighty (180) degrees, 
plus or minus ten (10) degrees. The stop shall be provided 
with a catch which can be operated when the door reaches 
the extreme open position and will hold the door open 
securely until released. 

Each controller cabinet shall be provided with eight (8) 
screened, raintight vent holes, one-half (#2) inch in 

diameter or larger, in the lower back side or bottom of the 
cabinet, or at the option of the Contractor, louvered vents 
with a glass fiber air filter, which will permit the fan to 
pass the volume of air specified in this subsection, may be 
substituted. 
A pliable seal, composed of caulking compound or 

mastic, shall be placed between each controller cabinet 
and the concrete slab foundation to prevent dust and dirt 
from entering the cabinet. 

Where the cabinet is mounted on a concrete pedestal 
foundation, a one (1) inch drain hole or pipe, with screen, 
shall be placed in the foundation connecting to the cab- 
inet and emptying above the ground line. 

Each controller cabinet with inside volume less than 
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seven (7) cubic feet shall be equipped with an electric fan 
with ball or roller bearings and a capacity of at least fifty 
(50) cubic feet per minute. 

Each controller cabinet with inside volume seven (7) 
cubic feet or larger shall be equipped with an electric fan 
with ball or roller bearings and a capacity of at least one 
hundred (100) cubic feet per minute. 

The fan shall be mounted in a raintight housing 
attached to the top of the controller cabinet. 

The fan shall be thermostatically controlled and shall 
be manually adjustable to turn on between ninety (90) 
degrees Fahrenheit and one hundred fifty (150) degrees 
Fahrenheit with a differential of not more than ten (10) 
degrees Fahrenheit between automatic turn on and turn 
off. The cabinet fan circuit shall be fused at one hundred 
twenty-five (125) percent of the ampacity of the fan motor 
installed. 

The fan and cabinet vent holes shall be located with 
respect to each other so as to direct the bulk of the air 
flow over the controller unit or through the ventilating 
holes of the controller unit where such holes exist. 

Conductors and cables in controller cabinet shall be as 
specified in subsection 623.02.08, “Conductors.” 

When an electro-mechanical controller unit supplied 
by the Contractor has terminal plugs different than those 
on the same type controller now in general use by the 
Division of Highways, the Contractor shall provide a 
harness which will permit interchangeability of the con- 
troller units. The cabinet shall be provided with sufficient 
space to permit interchanging of controller units. 

623.02.26 (Blank). 

623.02.27 (Blank). 

623.02.28 (Blank). 

623.02.29 (Blank). 

623.02.30 Pre-Timed Controller Units. Pre-timed _ 
controller units shall be the expansible type designed to _ 
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permit the installation of plug-connected dial units without 
additional wiring or modification of the controller unit. 
Controller units shall be 1-dial, 2-dial, or 3-dial. The types 
of pre-timed controller units, number of dials, cabinets and 
auxiliary equipment shall be as shown on the plans or 
specified in the special provisions. 

(a) Controller Units. Pre-timed controller units shall 
be of the following types: 

1. Type XXV Controller Units. Type XXV con- 
troller units shall be the future interconnected type and 
shall be capable of being operated as future units in an 
interconnected, master controlled flexible progressive sys- 
tem by the addition of easily installed auxiliary attach- 
ments. 

2. Type XXVI Controller Units. Type XXVI 
controller units shall be the interconnected type; shall be 
capable of being operated as units in an interconnected, 
master controlled flexible progressive system; and shall 
have three (3) offsets per dial, unless otherwise specified 
in the special provisions. 

3. Type XXVII Controller Units. Type XXVII 
controller units shall be the combined master and inter- 
section interconnected type and shall be similar to Type 
XXVI controller units, except that the Type XXVII shall 
be equipped with master offset supervision, dial change, 
offset selection and flashing operation of the intersection 
controllers. 

(b) Operations. All pre-timed controller units shall be 
capable of being operated by manual control; as a pre- 
timed controller of the independent, isolated type; and as 
a synchronous-motor-driven coordinated type, for progres- 
sive timing without interconnecting circuits. 

(c) Mechanism for Pre-Timed Controller Units. Mech- 

anism for pre-timed controller units shall be constructed 
as a complete, self-contained, readily interchangeable unit 
arranged to swing out for inspection while in operation. 
All parts shall be readily accessible. 

All circuits of each unit shall be terminated in a multiple- 
-contact connector. Connection between the connector and 
the panel or field terminal board shall be by means of a 
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flexible cable. Panel or field terminal board end of the 
conductors shall be fitted with proper terminals. Each 
field terminal shall be identified. 

(d) Motor and Dial. Controller unit motor shall be of 
the self-starting, synchronous type, and shall have ample 
torque for the requirements of the controller operation. 

All intervals in each phase shall be readily adjustable 
by a suitable dial on the face of the controller unit. Inter- 
vals shall be adjusted in steps not to exceed one (1) per- 

cent of the total cycle by means of self-retained timing 
keys. 

Each dial unit shall consist of motor, dial with slots for 

timing keys, contact block, motor switch, and connector 
for plug-in mounting of the entire dial unit assembly. 
Design of the dial unit shall allow gear changing without 
tools or with simple tools. The cycle length of the gear 
used shall be indicated on the face of the dial unit when 
the gear mesh is correct. Gears shall be brass. 

A suitable dust cover shall be provided for the timing 
mechanism. Dial key settings shall be visible without the 
necessity of removing the cover. 

Color code of dial keys shall be as follows: 

Drmintiekelease, 1 cbescie ra teh peters Oo pected nee aha habeas Green 

DOTUM A ACV ACE: tye so. Sates acac cape cae ee oc eke ca ee a Unpainted 
OSeh 1] eee eee re. ee ne, See ee Red 

Offséte 228i S05 ae TEA: ORG. De Tee ee SS Yellow 

Oitsets32. 4M. ..xA2 WER, en. 1 EE, a oe White 

(e) Signal Contact Mechanism. All parts of the contact 
mechanism for signal lights, including contacts and contact 
supports, shall operate one million (1,000,000) times with- — 
out mechanical wear that impairs normal operation. 

All signal light contact points shall be of fine silver, — 
silver alloy, or superior alternative material not less than 
five-sixteenths (54.6) inch in diameter; shall be of not less 
than 10-ampere capacity, capable of operating one million 
(1,000,000) times without excessive burning or pitting; 
and shall be easily removed and replaced. 

Cam or drum assembly shall provide not less than twelve 
(12) intervals, all necessary contacts, and provisions for — 
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not less than a total of fourteen (14) signal light contacts. 
Wiring shall be complete from terminal strip to each con- 
tact position. 

(f) Auxiliary Equipment. Each pre-timed controller 
unit shall be equipped with a complete set of brass gears 
for each dial fifty (50) to one hundred twenty (120) sec- 
onds, inclusive, in ten (10) second steps. 

1. Controls. Switches shall provide local control 
of the following functions: 

a. Transfer from automatic to manual operation and 
vice versa. 

b. Transfer from normal operation to flashing and 
vice versa. 

c. Transfer from one dial to another. 
d. Turn-off signal lights only without shutting down 

controller unit mechanism. 
e. Shutdown timer mechanism. 
Combined master and intersection controller units 

shall have additional switches properly marked for Func- 
tions (B) and (C) above and for offset selection for the 
interconnected system. Switch for local control of Function 
(C) is not required at the master. 

Combined master and intersection controller units 
shall also have provisions for time switch or program 
device control of Functions (B) and (C) above and for 
offset selection for the interconnected system. 

Interconnected controller units shall have relays and 
wiring for remote control of Functions (B) and (C) above 
and for offset selection. 

Future interconnected controller units shall have pro- 
visions for local time switch control of Functions (B) and 
(C) above and for offset selection. 

2. Offset Interrupter. Each Type XXVI controller 
unit shall be provided with an offset interrupter which, dur- 
ing reset of time cycle to the master synchronization pulse, 
shall limit the length of the dwell in any one cycle. Inter- 
rupter shall have five (5) second, minimum, increments, 
and shall have a range of forty (40) seconds, minimum. 

Timing adjustments shall be made without the use of 
tools and shall have an accuracy of plus or minus ten (10) 
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percent of the setting over the full range. Timer shall be 
plug-in mounted. 

A switch shall be provided to bypass the interruption 
feature. 

Removal of the interrupter shall not affect the oper- 
ation of the Type XXVI controller unit. 

3. Flashers. Each pre-timed controller unit shall 
be wired and furnished with a plug-in-mounted flasher and 
provisions for jack-mounted relays conforming to the pro- 
visions in subsection 623.02.25, “Flasher and Flasher 
Relay.” 

Plug-in-mounted flasher and jack-mounted relays for 
flasher shall be independent of the controller unit and shall 
remain in operation upon the shut down of the controller 
or removal of the controller unit from the cabinet. 

4. Manual Control. Each pre-timed controller unit 
shall be provided with labeled terminals for a hand switch. 

5. Mounting Panel. A readily accessible mounting 
panel shall be furnished in each pre-timed controller cab- 
inet, with adequate provisions for terminating all field 
circuits and for mounting fuses and relays. Each power 
and direct wire interconnect circuit, except neutrals, shall 
be fused. 

(g) Special Auxiliary Equipment. The following special 
equipment shall be furnished and installed when required 
to perform specified functions when specified in the spe- 
cial provisions or when shown on the plans: 

1. Time Switches. Time switches to control system 
or local flash, dial change, or other specified functions shall 
be synchronous motor driven; shall be equipped with 
ten (10) hour spring wound reserve carryover; shall be 
equipped with an omitting device; and shall provide for at 
least three (3) openings and three (3) closings per twenty- 
four (24) hour period. Mechanical and electrical character- 

istics shall be equal to those specified in subsection 
623.02.30(c), “Mechanism for Pre-timed Controller Units.” 

2. Railroad. Pre-emption. Railroad pre-emption 
relays, when required, shall perform the operations pro- 
vided in subsection 623.02.20, “Railroad Pre-emption.” 
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3. Telephone Relays. Telephone relays shall con- 
form to the provisions in subsection 623.02.25D(f), ““Tele- 
phone Relays.” 

4. Toggle Switches. Toggle switches shall conform 
to the provisions in subsection 623.02.25D(h), “Toggle 
Switches.” 

5. Cartridge Fuses. Cartridge fuses shall conform 
to the provisions in subsection 623.02.25D(j), “Cartridge 
Fuses.” . 

6. Circuit Breakers. Circuit breakers shall be as 
specified for service switches under subsection 623.02.11, 
“Service.” 

7. Interconnect Isolation Relay Units. Intercon- 
nect isolation relay units shall conform to the provisions 
under subsection 623.02.25D(1)), “Interconnect Isolation 
Relay Unit.” 

(h) Pedestrian Signal Sequence. The controller unit 
shall provide the following sequence of operations for 
pedestrian signals: 

Steady “WALK” interval. 

Flashing “DON’T WALK” clearance interval. 

Steady “DON’T WALK” interval. 

On pedestrian signal installations where pre-timed con- 
troller units are used, flashing “DON’T WALK” indica- 
tion shall occur during the pedestrian clearance interval 
and shall continue until the beginning of the vehicle yellow 
interval. 

Flashing “DON’T WALK” indication shall be accom- 
plished by the light cam assembly and a separate flasher. 
The flasher shall conform to the provisions in subsection 
623.02.25C(a), “Flasher and Flasher Relay.” 

(i) Pre-Timed Controller Cabinet. Each pre-timed con- 
troller unit and auxiliary equipment shall be enclosed in a 
‘weatherproof metal cabinet. 

The cabinet shall be fitted with a master-keyed, police 
lock and shall be mounted on a pedestal, as shown on the 
plans. Two keys with shanks at least one and three-fourths 
(1%) inches long shall be furnished for each cabinet. 
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The cabinet shall be fitted with a slip-fitter attachment to 
permit post-top mounting as shown on the plans. 

One screened, raintight vent, one and one-half (112) 
inches in diameter, or larger, shall be installed in the top 
of the controller cabinet and eight screened, raintight 
vent holes one-half (72) inch in diameter, or larger, shall 
be provided in the lower backside or bottom of the con- 
troller cabinet. 

Each controller cabinet door which is twenty-two (22) 
inches, or larger, in width or six (6) square feet, or larger, 
in area shall be provided with a stop to limit door opening 
to ninety (90) and one hundred eighty (180) degrees plus 
or minus ten (10) degrees. The stop shall be provided with 
a catch which can be operated when the door reaches the 
extreme open position and will hold the door open securely 
until released. 

623.02.31 Solid-State Traffic Actuated Controller 
Units. Solid-state traffic actuated controller units for 
traffic signal systems shall conform to the following: 

(a) General. Each solid-state, traffic actuated controller 
unit, with auxiliary equipment, shall operate various traffic 
signal devices as shown on the plans, to provide right of 
way, clearance and other indications, with duration and 

sequence as determined by preset programming and traffic 
demand. 

Details of operation for the complete controller shall be 
in accordance with the traffic phases, preferential phase 
sequence and concurrence, signal indications, signal indica- 
tion sequence, detection requirements and other details 
shown on the plans or as specified in the special provisions. 

Each controller unit shall be capable of skipping actu- 
ated phases for which there is no traffic demand. 

(b) Physical Description of Controller Units. Each 
type of controller unit shall be a fully integrated, solid- 
state electronic device. Each unit shall be housed in a 
compact portable enclosure with front panel or panels 
having manually variable program controls, indicator 
lights, fuseholder, and multiple circuit connector or con- 
nectors, for input and output circuits. 
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The following equipment shall be provided external to 
the controller unit: 

1. All devices required for connecting, switching, 
protecting, and monitoring 120-volt AC for signal devices. 

2. Radio interference suppressors. 
3. Cabinet accessories. 
4. Test pushbuttons for vehicle detector and pedes- 

trian timing circuits, unless provided on the front panel 
of the controller unit. 

5. Other auxiliary equipment as required or as 
specified in the special provisions or shown on the plans. 

(c) Controller Unit Phase Sections. The term “phase 
section” applies to that electrical portion or program of 
the controller unit with its manually variable program 
controls, which provides control of right of way and clear- 
ance interval timing and other functions for a particular 
traffic phase. 

Phase sections may be modular as specified in subsec- 
tion 623.02.31(i), “Controller Unit Types,” and as defined 
in subsection 623.02.31(g), “Mechanical Design and Com- 

- ponent Quality.” 
(d) Phase Section Timing Intervals and Periods. The 

operational features and timing ranges of the various tim- 
ing intervals and periods shall be as listed in this sub- 
section. Timing ranges shown are minimal and may be 
expanded. The timing intervals and periods required for 
particular types of controllers are covered in subsection 
623.02.31(i), “Controller Unit Types.” 

Timing shall be accomplished by digital methods and 
shall utilize the power line frequency or a frequency gen- 
erated by a crystal controlled oscillator as a time base. 

1. Green Interval Timing Periods. The following 
green interval timing periods may be accomplished by tim- 
ing and programming techniques differing from those 
specified, provided total green intervals (and ranges of 
total green intervals) vary less than plus or minus ten (10) 
percent from those produced by a controller unit using 
the specified techniques. This variation shall not be 
exceeded regardless of the pattern of detector input actu- 
ations applied simultaneously to the “comparison” and 
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“test” controller units. All comparison testing of this 
nature will be done with normal or practical actuation 
patterns and settings of program controls. 

The program control panel shall be clearly labeled to 
indicate the principle of operation. 

a. Non-Actuated Phase Section. 
(1) Minimum Green Period. The green interval shall 

commence with minimum green period. The minimum 
green period shall be adjustable from ten (10) to sixty (60) 
seconds. 

(2) Rest Condition. The minimum green period shall 
be followed by a rest condition, which shall exist until 
there is a demand on an opposing phase or until released 
by a coordinating system. 

(3) Pedestrian Periods. A “WALK” period shall 
occur automatically and simultaneously with the associated 
minimum green period and rest condition. 

A flashing “DON’T WALK” clearance period, adjust- 
able from five (5) to thirty (30) seconds, shall follow the 
“WALK” period. 

b. Actuated Phase Section. 
(1) Initial Period. ‘The green interval shall com- 

mence with a preset initial period, which shall be adjust- 
able from two (2) to thirty (30) seconds. 

(2) Extensible or Added Initial Period. An exten- 
sible initial period shall begin timing simultaneously with 
the initial period and shall override the initial period if 
the extensible initial period exceeds the length of the initial 
period. The length of the extensible initial period shall be 
approximately proportional to the number of actuations 
received during the red interval for that phase. The exten- 
sible initial period shall be subject to an adjustable limit 
not to exceed one hundred twenty (120) seconds. 

In lieu of the above extensible initial period an added 
initial period may be provided which shall begin timing at 
the end of the initial period. The length of the added 
initial period shall be approximately proportional to the 
number of actuations received during the red interval for 
that phase. Each phase shall be capable of providing a 
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_ maximum added initial period of not less than twenty-five 
_ (25) seconds. 
| (3) Rest Condition. The extensible period shall be 
followed by a rest condition. 

(4) Pedestrian Periods. A “WALK” period and a 
flashing “DON’T WALK” clearance period shall occur 
only in response to pedestrian push button operation. Said 
periods shall commence timing at the beginning of the 
green interval and shall time concurrently with and, if 

necessary, override the initial period, except that when a 
pedestrian push button actuation is received by a phase 
section in the rest condition, the proper pedestrian periods 
shall be repeated without change in vehicle indications. 
Successive pedestrian push button actuations during the 
pedestrian period shall not cause extension of that period. 

The “WALK” period and the “DON’T WALK” 
clearance period shall each be adjustable from two (2) to 
thirty (30) seconds. 

(5) Extensible Portion. Gap Periods, and Maximum 

Green Period. The initial period (including the pedes- 
trian pericds in event of pedestrian push button actuation) 
shall be followed by the extensible portion of the green 
interval. 

(A) Preset Gap Period. The extensible portion shall 
be held by successive detector actuations until the time 
spacing between two (2) successive actuations exceeds 
the preset gap period. Termination of green interval by the 
preset gap period shall not place a call for return to the 
terminated phase. The preset gap period shall be adjustable 
from one (1) to ten (10) seconds. 

| (B) Reducible Gap Period. The reducible gap period 
shall begin timing with the extensible portion and shall 
function like the preset gap period but shall assume con- 
trol only when its length becomes less than that of the 
preset gap period. The length of the reducible gap period 
may vary over a waiting period from an initial value of 
less than thirty (30) seconds to a preset minimum gap 
period. The minimum gap period shall be adjustable from 
one (1) to ten (10) seconds, and the waiting period shall 
be adjustable from twenty (20) to fifty (50) seconds. 
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Phase sections with a reducible gap period shall have 
a “guaranteed passage time feature.” This feature shall 
work as follows: | 

When the time spacing between two (2) successive 
actuations exceeds the gap period the green interval shall 
be extended for a length of time equal to the difference 
between the reduced gap period in effect at that time and 
the preset gap period. This feature shall be capable of 
being omitted without internal circuit modification. 

(C) Maximum Green Period. The green interval 
shall be subject to an adjustable limit called “maximum 
green period.” The timing of this period shall commence 
(1) at the beginning of the green interval if a call for 

another phase has been previously registered, or (2) at the 
beginning of the green interval if a call is registered dur- 
ing the initial period, or (3) at the time the first call for 
another phase is registered if the rest condition has been 
reached, or (4) a maximum green extension may com- 
mence at the end of the initial period if a call has been 
registered. 

Termination of green by the maximum green period 
shall place a call for return to that phase. The maximum 
green period shall be adjustable from ten (10) to ninety- 
nine (99) seconds. 

2. Vehicular Clearance Interval Timing Periods. 
The green interval shall be followed by a vehicular clear- 
ance interval. The clearance interval shall consist of a 
yellow period and an omissible all-red period. The yellow 
clearance interval shall be followed by a minimum one 
(1) second red interval. 

The yellow period shall be adjustable from two (2) to 
seven (7) seconds. The all-red period shall be adjustable 
from zero (0) to six (6) seconds. 

(e) Miscellaneous Controller Unit Features and Func- 
tions. 

1. Standard Functions. Each standard function 
shall be brought to an external terminal strip through the 
regular controller connector and wiring harness. The con- 
nector pin for each function shall be the pin used for the 
same function on all similar model controllers of the 
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| same manufacturer. Each controller shall be provided with 
_ the following functions: 

a. Memory Features. Vehicle detector actuations 
| received by an actuated phase section when the red or 

yellow indication for that traffic phase is displayed shall 
be remembered and shall cause the controller unit to pro- 

_ vide right of way indications for that traffic phase at the 
_ next opportunity in the normal phase sequence. A switch 

shall be provided for disabling the memory circuit. Said 
switch may be located externally. 

Pedestrian push button actuations received by a phase 
_ section when the steady or flashing “DON’T WALK” 

indication for that traffic phase is displayed shall be 
remembered and shall cause the controller unit to provide 
“WALK” indications for that traffic phase at the next 
opportunity in the normal phase sequence of the controller 
unit. 

b. Recall. Various switch-controlled recall features 
shall be provided for each actuated phase section. With 

_ the recall switch or switches in the “OFF” position, the 

phase section shall function normally with the right of 
way being granted to that traffic phase only upon vehicle 
or pedestrian actuation or both. With a recall switch in 
the “VEHICLE RECALL” position, the effect of a 
remembered vehicle detector actuation shall be attained. 

With a recall switch in the “PEDESTRIAN 
RECALL” position, the effect of a remembered pedestrian 
push button actuation shall be attained. 

With a recall switch in the “MAX” position, the 

phase section shall be held in the green interval for the 
maximum green period. 

Maximum position will not be required for Type 50 
or Type 60 controller units. 

c. Manual Circuit. The manual circuit function 
shall permit manual advancing of the controller unit. The 
function may operate in either of the following manners: 

(1) The controller unit shall advance one timing inter- 
val with each pulsing of the manual circuit, except that the 
controller unit may be wired to permit timing of complete 
yellow and all-red clearance intervals if programmed. 
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(2) The controller unit shall be provided with cir- 
cuitry which will permit immediate advancing to any one 
of the timing intervals of any phase. 

d. Stop-Timing. Energization of the stop-timing 
function shall cause the controller unit to stop timing that 
interval or period in effect when the function was initiated. 
The interrupted interval or period shall be completely 
timed or the unexpired portion shall be timed following 
release of stop-timing. 

e. Hold. Energization of the hold function of a 
phase shall hold the phase in the rest condition. Upon 
release from “HOLD,” the phase shall immediately 
advance into the yellow clearance period, the unexpired 
portion of the pedestrian protection period or to the unex- 
pired portion of the vehicle interval provided there is an 
opposing call. 

f. Special Termination or “Force-Off.” The special 
termination or “force-off” feature shall permit termination 
of green by external command provided the phase section 
is in the extensible portion. Termination shall operate 
in the same manner as maximum green period termination. 

g. Indicator Lights. An indicator light shall be 
provided to indicate each timing interval or period in 
effect. 

Additional indicator lights shall be provided to 
denote: 

(1) Reason for termination of vehicular green (gap 
period or maximum green period). 

(2) Vehicular and pedestrian actuations. 
Vehicular actuation indicator lights shall be illumi- 

nated to denote a registered waiting vehicle and may 
remain illuminated through the following initial portion, 
after which an indicator light shail be illuminated momen- 
tarily to denote individual actuations. 

Pedestrian indicator lights shall be illuminated to 
denote a registered push button actuation and shall remain 
illuminated until the subsequent “WALK” period. 

For each modular phase section, additional indicator 
lights shall also be provided to denote: 

(1) That the particular phase is next in sequence. 
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(2) That the phase is in its green interval. 
h. Check Circuit. Check circuit function shall be 

provided. The check circuit function may be included as 
an integral part of the controller unit or may be installed 
external to the controller unit. The check circuit function 
shall indicate to an external circuit that a vehicle or 
pedestrian actuation or a vehicle and pedestrian actuation 
has been registered on a phase or phases not displaying a 
green signal. 

i. Simultaneous Termination. When separate phases 
which time concurrently are provided to control traffic in 
opposite directions on the same roadway, the controller 
shall seek a simultaneous gap in traffic on both phases 
except when there is a call in conflict with only one phase. 
Means shall be provided to disable this feature. 

2. Special Features. When specified or when indi- 
cated on the plans, the following special features shali be 
provided. Said features may be operated by solid-state 
equipment external to the controller unit. 

a. Mutual Coordination. Mutual coordination fea- 
ture shall permit two (2) or three (3) controller units to 
mutually coordinate when interconnected. With this type 
of coordination, intersections having demand for other 
phases shall terminate their Phase A green intervals simul- 
taneously, provided the minimum green intervals have 
been timed out at each intersection. 

b. Dual Maximum Green Period. Dual maximum 
green period feature for a phase section shall permit the 
external selection of two (2) individually selectable and 
presettable maximum green periods. The second period 
may be controlled by solid-state equipment external to 
the controller unit. 

c. Omit Skip. The omit skip feature shall permit 
cancellation by external control of the phase skipping 
ability of the controller unit. 

d. Omit All-Red. The omit all-red feature shall 
permit the omission by external control of the all-red 
clearance periods either on all or on selected phases. 

e. Selectable Semi-Actuated Mode. The selectable 
semi-actuated mode feature shall permit a phase section 

671 



623 SIGNALS AND LIGHTING 

to be changed to nonactuated operation at external com- 
mand. 

In nonmodular controller units, the phase to become 
nonactuated shall be designated Phase A. In this mode: 
(a) pedestrian operation for the modified phase or phases 
shall be as specified herein for a nonactuated phase, (b) 
the initial interval or the pedestrian “WALK” period shall 
become the minimum green period, (c) the maximum green 
period shall be disabled. 

In modular controller units, the phase or phases to 
become nonactuated shall be designated Phase A or 
such other phase or phases as shown on the plans. Pedes- 
trian operation shall be as specified above for nonmodular 
controller units. The minimum green period for the modi- 
fied phase shall be the pedestrian “WALK” period plus 
the flashing “DON’T WALK” interval or the initial period 
plus one vehicle extension interval. The controller unit 
shall rest in the modified phase until released by an 
external command. 

The controller, when operating in the semi-actuated 
mode with the actuated phase memory circuit disabled, 
shall indicate either of the following on the nonactuated 
phase displaying a vehicle green when an actuated phase 
has a momentary detector actuation: 

(1) “DON’T WALK” flashes, a complete clearance 
interval times out, returns to “WALK” which shall remain 

for a normal time before yielding to another phase. 
(2) “DON’T WALK” flashes momentarily and returns 

to “WALK.” 
This feature is not required for Type 50 controller 

units. 
(f) Controller Unit Circuitry. All circuits, including 

logic or timing circuits external to the controller unit, shall 
consist entirely of solid-state electronic circuitry. No 
electro-mechanical devices, such as camshafts, rotary, 

stepping or line switches shall be used for switching func- 
tions. 

Timing of the “yellow” and “all red” clearance inter- 
vals shall be capable of being set in one-half (2) second 
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maximum increments and shall be accurate to the power 
line frequency or crystal controlled time base. 

Timing of the “preset gap period” shall be adjustable 
in one-half (2) second maximum increments. 

Timing of the “reducible gap period” shall be adjustable 
in one-fourth (44) second maximum increments. 

Timing of all other adjustable intervals shall be adjust- 
able in one (1) second maximum increments. 

Calibration accuracy of each manually variable timing 
control, except clearance intervals, shall be accurate to 
the smallest selectable setting for the period involved if line 
voltage is at any value from 105 to 130 volts while the 
ambient temperature is between zero (0) degrees Fahren- 
heit and one hundred sixty (160) degrees Fahrenheit. 

Controller unit operation shall be unaffected by transient 
voltages when tested in accordance with Test Method No. 
Nev. T800. 

(g) Mechanical Design and Component Quality. Each 
controller unit shall be completely enclosed in a sheet 
metal case with a protective paint finish. The case shall be 

- designed to provide convenient access to the entire interior 
assembly and permit removal of printed circuit boards or 
modules with minimum use of tools. 

Manually variable program controls shall be arranged 
on a panel on the front of the controller unit, shall be 
clearly and permanently identified, shall be operable with- 
out the use of tools and shall give a clear visual indication 
of the preset program settings. Timing dials, if used, shall 
be linearly calibrated. 

Modular controller units shall utilize one or more plug-in 
phase modules for each phase section. Each phase module 
with manually variable program controls and associated 
circuitry shall be assembled on a removable plug-in 
chassis. Modules shall be removable from the front. 
Modules of unlike function shall be mechanically keyed 
or electrically interlocked to prevent insertion into the 
wrong opening. 

Each phase module opening shall be identified as to the 
traffic phase controlled, such traffic phase identification 
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shall be only that shown on the plans. Identification shall 
be by means of engraved or embossed labels. Each 
engraved label shall be either engraved into the front panel 
of the controller unit or module or shall be made from 
multilayer, color-contrasting plastic and shall either slide 
into a special holder or be secured with chrome-plated 
brass or stainless steel machine screws. Each embossed 
label shall be made from aluminum foil tape, with self- 
adhesive oil-resistant backing and raised symbols contrast- 
ing with the background color. 

An alternate type of modular controller unit consisting 
of an enclosure having manually variable program controls 
for 8-phase sections will be acceptable. The number of 
active phase sections shall then depend upon the number 
of circuit modules that are plugged in. Other specified fea- 
tures for phase modules shall apply to circuit modules. 

All electronic components shall be easily accessible and 
shall be arranged in functional grouping on printed circuit 
boards. Printed circuit boards shall be designed to facili- 
tate identification of components. Identification shall be 
made either by part identification markings or by provid- 
ing a pictorial diagram in the maintenance manual for the 
controller unit showing physical location and identification 
of each component. Each printed circuit board shall have 
the following minimum quality requirements: NEMA Grade 
G-10 glass cloth base epoxy resin board, one-sixteenth 
(46) inch minimum thickness, organic solder masking and 

gold plated contacts. Soldering shall be done using the 
wave soldering technique. Intercomponent wiring shall be 
copper track, with a minimum weight of two (2) ounces 
per square foot, with adequate cross section for current to 
be carried. Printed circuit design shall be such that com- 
ponents may be removed and replaced without permanent 
damage to board or tracks. 

Solid-state logic or timing circuits, external to the con- 
troller unit, shall be built on edge connected, plug-in 
printed circuit boards. Logic circuits shall be built-up by 
plugging logic circuit boards into wired connectors. When 
five (5) or less plug-in logic circuit boards are used, the 
circuit board connectors may be installed in a chassis or 
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rack, mounted on a cabinet wall. Connectors shall be pro- 
vided to permit removal of the chassis or rack without 
unsoldering connections or removing wires or cables from 
the cabinet. When more than five (5) plug-in logic circuit 
boards are used, the circuit board connectors shall be 
installed on a chassis designed for shelf-mounting. The 
chassis shall be provided with a Type MS connector and 
shall be shelf-mounted. 

Each controller unit shall be designed to provide reliable 
service under conditions of continuous operation over an 
ambient temperature range of zero (0) degrees Fahrenheit 
to plus one hundred sixty (160) degrees Fahrenheit. All 
components, except indicator lamps, shall be operated well 
within their electrical and temperature ratings under the 
above conditions so their rated life will exceed five (5) 
years. Indicator lamps used in the controller shall have a 
minimum rated life of five thousand (5,000) hours. 

Each connector or connectors for each controller unit 
shall be provided with either threaded shell or spring- 
loaded latch locking or, at the option of the Contractor, 

- connectors may be provided with a minimum of two (2) 
stainless steel thumb screws for securing the connector or 
connectors in place. 
-Multiple circuit connector, or connectors for input and 

output circuits, may be mounted on the left or right side of 
the controller unit in addition to the front panel. 

(h) Supply and Auxiliary Voltages. The nominal sup- 
ply voltage of each controller unit shall be 120 volts, 60 
Hz. During a supply voltage interruption not exceeding 
0.5-second duration, the controller unit shall continue in 

cyclic operation and shall retain all actuations registered 
prior to the interruption, or auxiliary equipment shall 
cause the controller to go into the flashing operation speci- 
fied in subsection 623.02.19, “Flashing Operations,” for a 
period of not less than eight (8) seconds. Following a sup- 
ply voltage interruption exceeding 0.5-second duration or 
at the expiration of the flashing operation specified above, 
signal operation shall resume or begin in the Phase A yel- 
low clearance interval and calls shall be placed on all 
phases. 
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(i) Controller Unit Types. Timing periods and special 
features specified herein for each controller unit type shall 
be as defined in subsection 623.02.31(c), “Controller Unit 
Phase Sections,” subsection 623.02.31(d), “Phase Section 

Timing Intervals and Periods,” and subsection 623.02.- 
31(e), “Miscellaneous Controller Unit Features and Func- 

tions.” 

1. Type 50 Controller Unit. Type 50 controller 
unit shall be a 2-phase section, semi-actuated type, modu- 
lar or nonmodular unit. 

The non-actuated phase section shall be provided 
with the following timing periods: Minimum green, pedes- 
trian clearance, yellow clearance, and all-red clearance. 

The actuated phase section shall be provided with the fol- 
lowing timing periods: Initial, pedestrian “WALK” and 
clearance, preset gap, maximum green, yellow clearance, 
and all-red clearance. 

Special termination (Phase B) and mutual coordina- 
tion features shall be provided. 

2. Type 60 Controller Unit. Type 60 controller 
unit shall be a 2-phase section, full-actuated type, modular 
or nonmodular unit. 

Each phase shall be provided with the following tim- 
ing periods: Initial, pedestrian “WALK” and clearance, 
preset gap, maximum green, yellow clearance and all-red 
clearance. 

Special termination (Phase B) and selectable semi- 
actuated mode shall be provided. 

a. Type 70 Controller Unit. Type 70 controller 
unit. Each phase shall be provided with the following tim- 
ing periods: Initial, preset gap, maximum green, yellow 
clearance, and all-red clearance. Pedestrian ““WALK” and 

clearance intervals shall be provided for at least two 
phases. 

Timing of the preset gap period may be adjustable in 
one (1) second maximum increments. 

Special termination (Phase B and Phase C) shall be 
provided. 
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Type 70 controller unit phase modules may be physi- 
cally and functionally interchangeable through other frame 
sizes of the individual manufacturer’s product. 

3. Type 90 Controller Units. Type 90 controller 
units shall be modular types, each phase shall have timing 
periods and special functions as indicated on the plans as 
specified by the following type designations: 

a. Type S Phase. Each Type S phase shall be pro- 
vided with the following timing periods: Initial, preset gap, 
maximum green, yellow clearance, and all-red clearance. 

b. Type SP Phase. Each Type SP phase shall be 
provided with the following timing periods: Initial, pedes- 
trian “WALK” and clearance, preset gap, maximum green, 
yellow clearance, and all-red clearance. 

c. Type D Phase. Each Type D phase shall be pro- 
vided with the following timing periods: Initial, extensible 
or added initial, preset gap, reducible gap, maximum green, 
yellow clearance, and all-red clearance. 

d. Type DP Phase. Each Type DP phase shall be 
__ provided with the following timing periods: Initial, extensi- 

ble or added initial, pedestrian “WALK” and clearance, 
preset gap, reducible gap, maximum green, yellow clear- 
ance, and all-red clearance. 

The above timing periods and special functions may 
be performed by using any number of functional modules. 

Type 90 controller unit phase module types shall be 
physically and functionally interchangeable through all 
frame sizes (from 2 through 8 phases) of the individual 
manufacturer’s product. 

Each Type 90 controller unit shall be capable of pro- 
viding D or DP functions by the addition or exchange of 
plug-in modules. 

(j) Auxiliary Equipment for Solid-State Traffic Actuated 
Controller Units. The following auxiliary equipment shall 
be furnished and installed in each cabinet for solid-state 
traffic actuated controller units: 

1. Flasher and Flasher Relay. Flasher and flasher 
relay shall conform to the provisions in subsection 623.- 
02.25C(a), “Flasher and Flasher Relay.” 
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Relay bases and subbases for flasher relays shall be 
of the type normally used by the manufacturer of the con- 
trol equipment provided. Relays shall conform to the 
functional requirements specified in subsection 623.02.- 
25C(b), “External Light Relays for Controllers.” 

Transfer to flashing operation shall be accomplished 
by relays between the normal load switching device and 
the field terminals. 

2. TestSwitches. Test switches shall conform to the 
provisions in subsection 623.02.25D(g), “Test Switches,” 
and may, at the option of the Contractor, be included as 
an integral part of the Type 90 controller unit. 

3. Solid-State Switching Devices. Signal light cir- 
cuits shall be controlled externally to each solid-state con- 
troller unit by 3-circuit solid-state switching devices, which 
shall be plug-in mounted to a base as shown on the plans. 
Each circuit shall have a minimum rating of 1,000 watts 
for tungsten lamp or gas tubing transformer load at 120 
volis, AC. Solid-state switching devices shall be unaffected 
by transient voltages when tested in accordance with Test 
Method No. Nev. T800. 

4. Monitoring Device. A _ solid-state monitoring 
device shall be installed externally to each solid-state con- 
troller unit. The monitoring device shall, in the event of 
conflicting green signal indications (vehicular or pedestrian 
or both), cause the signal system to go into flashing opera- 
tion and remove AC-++ power from the signal light circuit 
within 0.5 second. The flashing operation shall lock-in and 
shall release only upon operation of a reset switch. Opera- 
tion of the monitor shall energize the stop-timing circuit of 
the controller unit. 

Conflicting green is defined as occurring when 24 
volts, or more, at 60 Hz. appears for 500 milliseconds, or 
more, on any green circuit that is in conflict with the green 
circuit called for by a normally functioning controller unit. 
Conflicting greens lasting less than 200 milliseconds, or a 
conflicting voltage of less than 10 volts shall not cause the 
monitoring device to place the signal system in flashing 
operation. 

678 



SIGNALS AND LIGHTING 623 

Controller logic voltage shall be monitored and, if 
voltage drops to a value where controller or auxiliary 
equipment does not work properly, the signal system shall 
go into flashing operation. 

Operation of the signal monitoring device shall dis- 
able all functions of the “Flash-Automatic” switch in the 
police panel. 

When the controller is equipped with railroad pre- 
emption equipment, the system shall be wired to provide a 
flashing red on all phases upon operation of the monitoring 
device and power shall be removed from the railroad pre- 
emption equipment. 

5. Police Panel Switches. The police panel shall 
conform to the provisions in subsection 623.02.25E, “Traf- 
fic Actuated Controller Cabinet.” 

6. Toggle Switches. Toggle switches shall conform 
to the provisions in subsection 623.02.25D(h), “Toggle 
Switches.” 

7. Tumbler Switches. Tumbler switches shall con- 
form to the provisions in subsection 623.02.25D@), “Tum- 

 bler Switches.” 
8. Cartridge Fuses. Cartridge fuses shall conform 

to the provisions in subsection 623.02.25D(j), “Cartridge 
Fuses.” 

9. Circuit Breakers. Circuit breakers shall be as 
specified for service switches under subsection 623.02.11, 
“Service.” 

(k) Special Auxiliary Equipment. Special auxiliary 
equipment shall be furnished and installed when required 
to perform specified functions, when shown on the plans 
or when specified in the special provisions. Special auxil- 
iary equipment shall include, but shall not be limited to, 

the following: 
1. Calling Detector Relays. A calling detector 

relay shall be installed for each phase using a calling 
detector to eliminate a call from the calling detector to the 
controller unit during its associated green interval. 

2. Telephone Relays. Telephone relays shall con- 
form to the provisions in subsection 623.02.28D(f), ““Tele- 

phone Relays.” 
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3. Special Timing. Each special timer shall pro- 
vide the timing range shown on the plans, shall have a tim- 
ing accuracy to the smallest timing increment and shall be 
easily adjustable with a calibrated setting device. Each 
special timer shall be a plug-connected solid-state digital 
device with an indicator light to show when the timer is 
operating. 

Solid-state devices shall conform to the provisions in 
subsection 623.02.31(f), “Controller Unit Circuitry,” and 

subsection 623.02.31(g), “Mechanical Design and Com- 
ponent Quality.” 

4. Detector Sensor Units. Detector sensor units 
may, at the option of the Contractor, be included as an 

integral part of the Type 90 controller unit if the perform- 
ance characteristics specified in subsection 623.02.37, 
“Vehicle Detectors,” are provided. The “Connector Cir- 
cuitry” table in subsection 623.02.37(b)3, “Sensor Unit 
Construction,” shall not apply to integral detector sensor 
units. 

(1) Solid-State Traffic Actuated Controller Cabinet. 
Cabinet and fittings for the solid-state traffic actuated con- 
troller unit and auxiliary equipment shall conform to the 
provisions in subsection 623.02.25E, “Traffic Actuated 
Controller Cabinet.” 

In addition to the switches specified in subsection 623.- 
02.31(j)5, “Police Panel Switches,” an internal panel 
mounted “Signal-Flash” switch shall be provided which, 
when placed in the “Flash” position, shall provide flashing 
Operation as specified in subsection 623.02.19, “Flashing 
Operations,” with the controller unit remaining energized 
but without energizing the stop-timing function as specified 
in said subsection 623.02.31(j)5. When said switch is 
placed in the “Signal” position, the controller unit shall 
resume control in the interval the controller unit happens 
to be in at the time the switch is operated. 

Receptacles for relays and shelves, below all removable 
control equipment, contactors, switches, fuses, circuit 
breakers and all other equipment, shall be identified below 
each item with a permanent, printed, engraved or embossed 
label. 
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Wall mounted auxiliary equipment and wiring shall be 
installed on removable panels. Plug-in equipment shall be 
removable from receptacles without removing any other 
equipment. Each receptacle, or group of receptacles, and 
connecting cables shall be so arranged that by removing no 
more than six (6) fasteners it will be possible to perform 
any required work on the back of the receptacles or on the 
cables. 

Convenience receptacle shall be a duplex, 3-prong, 
NEMA Type 5-15R grounding type outlet. 

Each controller cabinet shall be provided with a fluores- 
cent lighting fixture mounted on the inside top of the cabi- 
net near the front edge. Fixture shall be provided with an 
F15T8, cool white, lamp operated from a normal power 
factor. UL listed ballast. An “ON-OFF” switch shall be 
provided on the inside control panel to operate the lighting 
fixture. 

Machine screws used for mounting equipment on door 
or walls of the cabinet shall have nuts on the inside. 

Conduit shall enter the controller cabinet at the front. 

623.02.32 Type 100 Controller. Type 100 controller 
shall be solid-state, modular, digital circuit, lane occupancy 
type complete with all components required for controlling 
vehicular and pedestrian traffic control signals as specified 
in subsection 623.02.31(a), “General.” 

The words “Controller Units” as used in the various 
sections referred to in this subsection shall be construed to 
mean “Controller.” 

(a) Timing Periods. The following timing periods shall 
be provided: 

1. Vehicle Green Period. The length of the vehicle 
green period shall be determined by the continued presence 
of a vehicle in the detection zone plus the addition of a 
preset green gap period which commences timing immedi- 
ately after the detection zone becomes free of vehicles. Said 
extension interval shall be adjustable from one-fourth (%4) 
second to three (3) seconds (minimum range) and shall 
reset when interrupted by additional demand in the detec- 
tion zone. 
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During a pedestrian “WALK” period, the minimum 
length of the vehicle green period shall coincide with the 
parallel pedestrian “WALK” and “DON’T WALK” clear- 
ance periods. 

2. Maximum Green Period. The vehicle green 
period shall be subject to an adjustable limit called 
“Maximum Green Period.” 

The timing of this period shall commence at the 
beginning of the green period, at the time a call for an 
opposing phase is registered if the green period has com- 
menced, or a Maximum green extension may commence 
at the end of the initial period, where an initial period is 
provided. 

The maximum green period shall be adjustable from 
ten (10) to sixty (60) seconds minimum. 

3. Vehicle Clearance Period. The vehicle green 
period shall be followed by a yellow clearance period 
which shall be adjustable from two (2) to seven (7) sec- 
onds minimum. 

The yellow clearance period shall be followed by a 
red period which shall be of not less than one (1) second 
duration. 

4. Pedestrian Period. A pedestrian “WALK” 
period, followed by a flashing “DON’T WALK” clear- 
ance period, shall occur only in response to a pedestrian 
pushbutton actuation. 

The “WALK” and flashing “DON’T WALK” pedes- 
trian periods shall appear only during the vehicular green 
of the parallel vehicle phase. 

Successive pedestrian pushbutton actuations shall not 
extend the pedestrian period. 

Pedestrian pushbutton actuations, at times other than 
during the “WALK” period, shall be remembered and 
may be answered immediately if there is no demand on 
an opposing phase or in the following cycle... 

In the absence of pedestrian pushbutton actuations a 
steady “DON’T WALK” pedestrian signal indication shall 
be displayed. : . 

The “WALK” period and the flashing. “DON’T 
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WALK” clearance period shall each be adjustable from 
four (4) to thirty (30) seconds minimum. 

5. Rest Period. The controller shall be capable of 
being set to rest in either an all phases red condition or 
in main street green in the absence of vehicle or pedestrian 
actuations. 

Timing of all periods, except the green gap period, 
shall be accomplished by digital methods and shall be 
synchronized to the power line frequency. The green gap 
period may be timed by analog or digital methods. 

(b) Recall. A switch shall be provided for each phase 
which, when energized, shall cause the controller to return 
to that phase. 

(c) Indicator Lights. An indicator light shall be pro- 
vided to indicate each timing interval or period in effect. 

Vehicular actuation indicator lights shall be illuminated 
to denote a vehicle sensor placing a call. 

Pedestrian indicator lights shall be illuminated to denote 
a registered pushbutton actuation and shall remain illumi- 
nated until the beginning or until the end of the associated 
“WALK” period. 

Additional indicator lights may be provided. 
(d) Phase Sequence. The phase sequence shall be as 

shown on the plans. A green interval on any phase shall 
not be terminated to allow a green interval on a non- 
conflicting phase to begin. 

(e) Controller Circuitry. Controller circuitry shall con- 
form to the provisions in subsection 623.02.31(f), “Con- 
troller Unit Circuitry.” 

(f) Mechanical Design and Component Quality. 
Mechanical design and component quality shall conform 
to the provisions in subsection 623.02.31(g), “Mechanical 
Design and Component Quality,” except that the variable 
program controls specified in the second paragraph need 
not be arranged on the front of the controller and adjust- 
ments requiring the use of tools will be permitted. 

The controller may utilize one more plug-in phase 
module for each phase section. 

Each controller shall be expansible to a minimum of 3 
phases by adding phase modules and load switches. 
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The eighth paragraph in said subsection 623.02.31(g) 
shall not apply. 

(g) Supply Voltage. The nominal supply voltage of 
each controller shall be 120 volts, 60 Hz. During a supply 
voltage interruption not exceeding 0.5-second duration, 
the controller shall continue in cyclic operation and shall 
retain all actuations registered prior to the interruption, 
or the controller shall go into flashing operation as speci- 
fied in subsection 623.02.19, “Flashing Operations.” 

Following a supply voltage interruption exceeding 0.5- 
second duration, or at the expiration of the flashing oper- 
ation specified above, signal operation shall resume or 
begin in the yellow clearance interval of the phase flashing 
yellow and calls shall be registered on all phases. 

(h) Solid-State Switching and Monitoring Devices. Sig- 
nal light circuits shall be controlled by solid-state switching 
devices conforming to the provisions in subsection 623.- 
02.31(4)3, “Solid-State Switching Devices.” A monitoring 
device as specified in subsection 623.02.31(j)4, ““Monitor- 

ing Device,” shall be provided. Such devices may be 
installed integral or external to the controller. 

(i) Police Panel Switches. Police panel switches shall 
conform to the provisions in subsection 623.02.31(j)5, 
“Police Panel Switches.” 

(j) Control Panel. A dead front, easily accessible con- 
trol panel shall be installed in the controller cabinet. The 
panel shall contain the internal power control switch, 
circuit protection devices and a single, 3-prong, grounding 
type, 15-ampere, convenience outlet. 

(k) Toggle Switches. Toggle switches shall conform to 
the provisions in subsection 623.02.25D(h), “Toggle 
Switches.” 

(1) Tumbler Switches. ‘Tumbler switches shall conform 
to the provisions in subsection 623.02.25D(i), “Tumbler 
Switches.” 

(m) Cartridge Fuses. Cartridge fuses shall conform to 
the provisions in subsection 623.02.25D(j), “Cartridge 
Fuses.” 

(n) Circuit Breakers. Circuit breakers shall be as speci- 
fied for service switches in subsection 623.02.11, “Service.” 
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(o) Flasher and Flasher Relay. The flasher and flasher 
relay shall conform to the provisions in subsection 623.02.- 
25C(a), “Flasher and Flasher Relay.” 

(p) Radio Interference Suppressor. A radio interfer- 
ence suppressor as specified in subsection 623.02.23, 
“Radio Interference Suppressors,” shall be provided for 
each controller. 

(q) Controller Cabinet. Controller housing or cab- 
inet shall be of weather-proof design, shall be constructed 
of aluminum, steel, or other approved metal and shall be 
of a size capable of housing all required equipment. 

Cabinet foundation dimensions shall be as reeommended 

by the manufacturer of the cabinet. 

The top of the controller cabinet shall be between six 
feet (6’-0”) and six feet ten inches (6’-10”) above the 
raised pad or sidewalk grade. 

The top of the foundation shall extend a minimum of 
three (3) inches above the raised pad or sidewalk, and 
shall extend to a minimum depth of thirty-six (36) inches 
below the raised pad or sidewalk grade. 

Each cabinet for Type 100 controller shall be installed 
in conformance with the provisions in subsection 623.02.- 
25E, “Traffic Actuated Controller Cabinet,” and shall be 
provided with signal light busses, locks, door stop, vents 

and fan as specified for traffic actuated controller cabinet. 
Terminal blocks for connecting field wiring shall be 

provided and shall be installed in the bottom of the cab- 
inet. 

Controller schematic wiring diagrams, intersection lay- 
outs and other service information may be compiled in 
foldup or booklet form. 

Receptacles for relays and shelves below all removable 
control equipment shall be identified below each unit with 
either engraved or embossed metal, or engraved plastic 
labels fastened to the shelf, cabinet wall, or relay sub- 
bases. Contractors, switch, fuses, and circuit breakers shall 
be similarly identified. 

Each controller cabinet shall be provided with an 
internal lighting fixture with a light output comparable to 
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a 40-watt incandescent lamp. The fixture shall be provided | 
with an on-off switch. 

The cabinet shall be provided with a harness and plug © 
connected in such a manner that will permit a pre-timed 
controller to be substituted for the solid-state unit in the 
event of a breakdown. 

TRAFFIC SIGNALS AND APPURTENANCES 

623.02.33 Signal Faces. Each signal face shall be of 
the adjustable, colored light, vertical type with the number 
and type of sections as specified herein or as shown on the 
plans; shall provide an indication in one direction only; 
shall be adjustable through three hundred sixty (360) 
degrees about a vertical axis; and shall be mounted at 
the location and in the manner shown on the plans. 

Unless otherwise shown on the plans, all vehicle signal 
faces shall contain three (3) sections arranged: Red—top, 
yellow—center, green—bottom. 

Pedestrian signals shall be the “WALK—DON’T WALK” 
type as specified in subsection 623.02.39, “Pedestrian Sig- 
nals.” 

All new vehicular signal faces installed at any one 
intersection shall be of the same make and type. 

All new pedestrian signal faces installed at any one 
intersection shall be of the same make and type. 

Vehicle and pedestrian signal mountings shall be 
oriented so as to provide maximum horizontal clearance 
to the adjacent roadway. 

(a) Optical Units. Each optical unit shall consist of a 
lens, a reflector, a lampholder, and a clear traffic signal 
lamp, visible to the traffic to be controlled. 

Lenses shall be of the color indicated, circular in shape, 
with a visible diameter of approximately eight (8) inches 
or twelve (12) inches. Each lens shall be true to color, of 
best quality glass, free from imperfections, of high lumi- 
nous transmission, and shall conform to ANSI Standard: 

D-10.1. 
Candlepower distribution shall conform to ANSI Stand- 

ard: D-10.1. 
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All mast arm mounted signal faces shall be provided 
with twelve (12) inch sections. 

A twelve (12) inch section with crosshatched lens shall 
be provided for all green arrow signal indications. Con- 
figuration of the arrows shall conform to the dimensions 
shown on the plans. 

Reflectors shall be made of glass conforming to ANSI 
Standard: D—10.1. 

Lampholders shall conform to the provisions in ANSI 
Standard: D—10.1. 

Each reflector, lens, and hood shall be designed in such 
a manner as to reduce sun-phantom to a minimum. 

Lamps for the eight (8) inch units shall be 650-lumen 

minimum initial output, 120-volt, 6,000 hour rated life, 
clear, traffic signal lamps. 

Lamps for the twelve (12) inch units shall be 1,900- 

lumen minimum initial output, 120-volt, 6,000-hour rated 
life, clear, traffic signal lamps. 

(b) Housing. The signal face housing, or case, shall 
consist of an assembly of separate interchangeable sections, 
expansible type for vertical mounting without tie rods, sub- 
stantially secured together in a watertight manner to form 
a unit. Each section shall house an individual optical unit. 

Each section shall be complete with a one-piece, hinged 
door mounting for the lens and other parts of the optical 
system, water-tight gaskets, and a simple door-locking 
device. The optical system shall be so mounted that the 
various parts may be swung open for ready access or 
removal. The sections shall be interchangeable and so con- 
structed that sections can be removed or added. There 
shall be a round opening in the top and bottom of each 
head to receive one and one-half (112) inch supporting 
pipe frame. All parts of the housing, including the doors 
and end plates, shall be of die cast aluminum conforming 
to the specifications of ASTM Designation: B85, and all 
parts shall be clean, smooth and free from flaws, cracks, 
blow holes, or other imperfections. 

All exposed bolts, screws, hinge pins; and door-locking 
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devices shall be stainless steel. All interior screws and fit- 
tings shall be stainless steel or approved nonferrous, 
corrosion-resistant material. 

All gaskets, including door, lens and reflector gaskets, 
but not including lampholder gaskets, shall be of neoprene. 
Lampholder gaskets shall be of material not affected by 
heat. The lampholder gasket will not be required when the 
lampholder is not in direct contact with the glass reflector. 

All lampholders shall be so wired that a white wire will 
be connected to the shell of the lampholder and a black or 
colored wire to the bottom or end terminal of the lamp- 
holder. These wires shall, in turn, be connected to the 

terminal block mounted inside at the back of the housing. 
The terminal block shall have sufficient screw type termi- 
nals so as to terminate all field wires and lamp wires inde- 
pendently, with separate screws. The terminals to which 
field wires are attached shall be permanently identified or 
wiring shall be color coded to facilitate field work. 

Lampholder wires shall be No. 18 AWG, or larger, 600- 

volt, appliance wiring material (AWM) with two sixty- 
fourths (%4) inch thermoplastic insulation rated one 
hundred five (105) degrees Centigrade or with insulation 

that conforms to Military Specification: MIL W—16878 D, 
Type B, with vinyl nylon jacket rated one hundred fifteen 
(115) degrees Centigrade. 

The manufacturer’s name or trademark, wire size, insula- 
tion type-letter designation and temperature rating shall be 
marked on the insulation or a Certificate of Compliance 
conforming to the provisions in subsection 106.05, “Cer- 
tificates of Compliance,” shall be submitted by the manu- 
facturer with each shipment of traffic signal head units. 

Each lens shall be provided with a removable hood, 
0.050-inch thick, of sheet aluminum of the full circle type 
completely closed, except at the ends. Hoods for eight (8) 
inch section shall be seven (7) inches minimum length and 
for twelve (12) inch section shall be nine and one-half 
(942) inches minimum length unless otherwise shown on 
the plans. Hoods shall have a minimum downward tilt of 
three and one-half (312) degrees. 
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Each signal section shall be constructed in such a man- 
ner that structural failure of the housing will not occur with 
a wind load pressure of twenty-five (25) pounds per square 
foot on the projected area of the complete signal face hous- 
ing, including back plate and hoods. 

623.02.34 Directional Louvers. Where shown on the 
plans, louvers shall be furnished and installed in signal 
hoods. Directional louvers shall be so constructed as to 
have a snug fit in the signal hoods. The outside cylinder 
shall be constructed of No. 22 U.S. gage sheet steel and the 
vanes shall be constructed of No. 27 U.S. gage sheet steel 
or the cylinder and vanes shall be constructed of 3003 
H14 aluminum alloy of similar construction. Thickness 
dimensions and arrangements of vanes shall be as shown 
on the plans. 

623.02.35 Back Plates. Back plates shall be con- 
structed of 3003 H14 aluminum alloy sheet 0.051-inch 
minimum thickness, and of the dimensions shown on the 
plans. 

Where a back plate consists of two (2) or more sections, 

the sections shall be fastened with rivets or with aluminum 
bolts, peened after assembly to prevent loosening. 

All mast arm mounted signal heads and all programmed 
visibility signal heads shall be provided with back plates. 

623.02.36 Signal Head Mounting. Bracket mounted 
signal heads, as shown on the plans, shall be supported by 
mounting brackets consisting of watertight assemblies of 
one and one-half (112) inch standard steel pipe and malle- 
able iron, ductile iron or brass pipe fittings. All members 
shall be either plumb or level, symmetrically arranged, and 
securely assembled. Construction shall be such that all 
conductors are concealed within the assembly. 

The dimensions of mounting brackets between the axes 
through the center of the terminal compartment, or slip- 
fitter, shall not exceed 11 inches, except where required to 
provide proper signal head alignment or directed by the 
Engineer. 
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At each signal location, unless otherwise shown on the 
plans, a terminal compartment shall be constructed into the 
mounting brackets. Each compartment shall be fitted with 
a terminal block containing twelve (12) poles, each with 
two (2) screw type terminals. Each terminal shall accom- 
modate at least five (5) No. 14 AWG conductors. A rain- 
tight cover shall be provided, giving ready access to the 
terminal block. Terminal compartment shall be bronze of 
sufficient strength to remain intact in event the pole is 
knocked down. Slip-fitters, where used without integral 
terminal compartment, shall be of cast-iron or bronze. 

For post-top mounting of bracket mounted signals, the 
terminal compartment shall be cast with an integral slip- 
fitter. For post-top mounting of a one-way signal head, a 
slip-fitter without a terminal compartment may be used. 
Slip-fitter shall fit over a four (4) inch standard pipe or 
four and one-half (412) inch outside diameter end of 
tapered standard. Each slip-fitter shall be provided with 
two (2) rows of steel set screws, with three (3) screws in 

each row to secure the assembly in plumb position. Set 
screws shall be cadmium plated. 

Where signal heads are side mounted on poles, the ter- 
minal compartment shall be designed to bolt securely to 
the pole. 

Signal heads shall be equipped with positive brass lock 
rings and fittings designed to prevent heads from turning 
due to external forces. Lock ring and connecting fittings 
shall have serrated contacts as shown on the plans. 

Signal head assembly for suspension from mast arm 
shall be equipped with a slip-fitter as shown on the plans. 

Signal heads shall not be installed at any intersection 
until all other signal equipment, including the controller, is 
in place and ready for operation at that intersection, except 
that the signal heads may be mounted if the faces are not 
directed toward traffic or if the faces are covered. 

623.02.37 Vehicle Detectors. Vehicle detectors shall 
be the type or types shown on the plans. 

All sensor units, control units, and amplifiers shall meet 
the requirements of Test Method No. Nev. T801. 
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The units shall not be affected by transient voltages 
when tested in accordance with Test Method No. Nev. 
T800, or voltage variations of plus or minus ten (10) per- 
cent. 

After a power interruption the units shall return to nor- 
mal operation within five (5) minutes. 

A separate sensor unit, control unit, or amplifier shall be 
provided for each direction of travel and for each left turn 
lane. 

Each unit shall be provided with a light or meter to 
indicate when the detector is ready to detect vehicles. 

Each detector shall operate over the voltage range speci- 
fied in subsection 623.02.22, “Operating Voltage.” 

Circuitry shall be solid-state except for output relays. 
Output relays, if used, shall be normally closed. 
Units shall be designed to provide ease of maintenance 

with easily accessible electronic components. 
Each detector shall provide positive vehicle detection 

without readjustment from zero (0) degrees Fahrenheit to 
one hundred sixty (160) degrees Fahrenheit. 

When components are mounted on insulating boards, 
printed circuit wiring may be used. Printed circuit boards 
shall be designed to facilitate identification of components. 
This shall be done by either part identification markings or 
by providing a pictorial diagram showing physical location 
and identification of each component. Each printed circuit 
board shall have the following minimum quality require- 
ments: NEMA Grade G-—10 glass cloth base epoxy resin 
board, one-sixteenth (74 g) inch minimum thickness, organic 
solder masking and gold plated contacts. Inter-component 
wiring shall be copper track with a minimum of two (2) 
ounces weight per square foot. Printed circuit design shall 
be such that components may be removed and replaced 
without permanent damage to boards or tracks. 

(a) Lane Occupancy Type Loop Detectors. Detectors 
to be used with lane occupancy type controllers shall be 
compatible with the Type 100 controller provided for the 
intersection involved and shall conform to the provisions in 
subsection 623.02.37(b), “Inductive Loop Detectors,” and 
the following: 
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Detector loops shall contain the number of turns of con- 
ductor as recommended by the manufacturer of the con- 
troller supplied. 

Detector sensor units may be included as an integral 
part of the controller unit or may be installed separately 
in the controller housing. 

The connector circuitry tabulation in subsection 623.- 
02.37(b)3, “Sensor Unit Construction,” shall not apply to 
sensor units installed as an integral part of the controller 
unit. 

(b) Inductive Loop Detectors. Inductive loop detectors 
shall conform to the following: 

1. General. The term “inductive loop detector” 
applies to a complete installation consisting of a conductor 
loop or group of loops installed in the roadway, as shown 
on the plans, lead-in cable and a sensor unit with power 
supply installed in a traffic signal controller or traffic count 
station cabinet. 

The sensor unit shall be an electronic device capable 
of providing closure of an output circuit when a vehicle 
stands or passes over a loop or one of several loops con- 
nected to the input circuitry of the sensor unit. 

2. Performance Characteristics. Sensor units shall 
provide an output closure for each vehicle passing through 
the response area of the loop at speeds up to seventy-five 
(75) miles per hour and shall also provide an output clos- 
ure of at least three (3) minutes duration when a vehicle is 
occupying the response area of the loop. 

3. Sensor Unit Construction. Each sensor unit 
shall be housed in a metal case. Sensor units may be fur- 
nished with either an integral power supply or a separate 
power supply common to more than one sensor unit. 

Sensor units to be installed in a common cabinet shall 
have a frequency difference and shall not interfere with the 
operation of other sensor units installed in the same cabi- 
net. 

In multiple loop installations, all loop conductors to 
be connected to the same sensor unit shall be wound in the 
same direction. No more than four (4) loops shall be con- 
nected to a single sensor unit. 
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All input and output circuits for each unit with an 
integral power supply shall enter via a single connector, 
type and circuitry for which shall be as shown in the fol- 
lowing table. Each connector for modular-type units shall 
be provided with either threaded shell or spring-loaded 
latch locking. 

Connector Circuitry For Inductive Loop Detector Sensor Units 

’ Inductive Loop Type 
MS Connector Circuit 18-1 Pin 

P20 VolemAGs LIne) ie sty. fe9 de cs Dhl her 188 2 tse coh oe dl C 
DO Oli (AGN CU aia ec Bah ie Ac Ni cdi A 
ESTERS) ok 175) DET baa wean ecient act es hehe i tel aep te H 
Lge] Rh io cena litemaaty Ie echt. spec. alt tinea send dilinenstadia tal D 
OpEd Sosa. MTEL BA EPR 0 dy AION E 
RelyeContact Comment 7l. Heche pie sho yh Sees x B 
NAPS Clee, ee ae ee i a ee a a ae F 
(Eee USCORIATE! #2 Bente eat AR OE Dea a Re aT a G 
a ee ee Sr dae ree oe er eee crear cee ga I,J 

All pilot lights and meters shall be mounted on the 
_ front panel of the sensor unit or the sensor power source 
_. assembly. Input power shall be fused. 
| Capacitors or inductors necessary for loop tuning 

shall not be mounted external to the loop detector sensor 
unit. 

4. Construction Materials. Conductor for each 
inductive detector loop shall be continuous, unspliced, 
Type RHW-USE, No. 12 AWG, neoprene-jacketed, solid 
copper wire. 

| Conductors for inductive loop detectors shall be pro- 
| vided with three sixty-fourths (*44) inch minimum thick- 
hess insulation. 
| Loop detector lead-in cable, from the pullbox adja- 

cent to the loop to the field terminals in the cabinet, shall 
' conform to either one of the following: 
| a. Lead-in cable shall consist of two No. 12 AWG 

_ solid copper conductors with each conductor insulated with 
_ 0.030-inch minimum, high molecular weight, heat-stabil- 

ized, colored polyethylene, conforming to the requirements 
_ of ASTM Designation: D1248, Type I, Class B, Grade 4. 

_ The conductors shall be twisted together with approxi- 
| mately two (2) turns per foot. Non-hygroscopic fillers shall 
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be used to form a firm compact cylindrical core. A non- 
hygroscopic core tape shall be applied spirally over the 
core. The cable shall be provided with an outer jacket con- 
sisting of extruded, black, polyvinyl chloride conforming 
to ASTM Designation: D1047. The cable shall conform to 
the International Municipal Signal Association’s Specifica- 
tion: 19-1. 

b. Two No. 12 AWG copper conductors with each 
conductor insulated with 0.035-inch minimum, high molec- 
ular weight, heat-stablized, colored polyethylene. The con- 
ductors shall be twisted and the twisted-pair shall be 
protected with a shield of tinned copper-brass, or alum- 
inum-polyester. A No. 16 AWG minimum, stranded tinned 
copper ground drain wire shall be provided. The cable shall 
be provided with a chrome vinyl outer jacket with a min- 
imum thickness of 0.037-inch. 

The loop detector lead-in, from the field terminals in 
the cabinet to the sensor unit, shall conform to one of the 
following: 

a. A twisted-pair of No. 22 AWG, or larger, conduc- 
tors conforming to the requirements for cabinet wiring. 

b. A cable containing two No. 22 AWG, or lar- 
ger, copper conductors with each conductor insulated with 
0.014-inch minimum polyethylene or polypropylene. The 
conductors shall be twisted and the twisted-pair shall be 
protected with a shield of tinned copper-brass, or alum- 
inum-polyester. The shield shall be grounded at one end of 
the cable. The cable shall be provided with a chrome vinyl 
outer jacket with a minimum thickness of 0.027-inch. 

Splices in the cable may be made in pull boxes only. 
All splices in the lead-in cable shall be soldered. 

5. Installation Details. Installation and tests shall 
conform to the details and notes shown on the plans. 

Unless shown otherwise each loop shall consist of 
three turns of conductor as specified in subsection 623.02.- 
37(b)4, “Construction Materials.” 

Slots cut in the pavement shall be blown out and dried 
before installing inductive loop detectors. All sharp edges 
and ninety (90) degree corners should be chipped off. In 
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addition to the required tests, the Contractor shall check 
each detector loop prior to filling slot with epoxy, as fol- 
lows: . 

a. Each loop shall be tested for continuity. 
b. A megger test shall be made between loops, insula- 

tion resistance shall not be less than 5 megohms. 
The slots shall be filled with epoxy sealant to within 

one-eighth (4%) inch of the pavement surface. The sealant 
shall be at least one-half (42) inch thick above the top 

conductor in the saw cut. Before setting, surplus sealant 
shall be removed from the adjacent road surfaces without 
the use of solvents. The epoxy sealant shall conform to the 
requirements of subsection 728.03.09, “Epoxy Sealant 
for Inductive Loops.” 

Conductors of all loops to be operated by each sensor 
unit shall be run continuous to the nearest pull box. The 
loops shall be joined in the pull box in combination of 
series and parallel so that optimum sensitivity is obtained 

_ at the sensor unit. Final splices between loops and lead-in 
__ cable shall not be made until the operation of the loops 
_ under actual traffic conditions is approved by the Engineer. 

-All loop conductors for each direction of travel for 
the same phase of a traffic signal system, in the same pull 
box, shall be spliced to a cable which shall be run from 
the pull box adjacent to the loop detector to a sensor unit 
mounted in the controller cabinet. 

All loop conductors for traffic counters shall termi- 
nate in a pull box or on a terminal strip in the traffic count 
station cabinet when such a cabinet is installed. 

Conductors for inductive loop traffic signal and 
traffic counting installations shall be identified and banded, 
in pairs, by lane, in the pull box adjacent to the loops and 
near the termination of the conductors in the controller 
or traffic count station cabinet. Bands shall conform to the 
provisions in subsection 623.02.09, “Wiring.” 

The loop detector conductors shall be installed prior 
to placing the uppermost layer of asphalt concrete. The 
conductors shall be installed, as shown on the plans, in 
the compacted layer of asphalt concrete immediately below 
the uppermost layer. | 
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Sensor units shall not be provided for inductive loop 
traffic counting installations. 

(c) Magnetometer Detectors. Magnetometer detectors 
shall conform to the following: 

i. General. The term “magnetometer detector” 
applies to a complete installation consisting of sensing 
element or group of sensing elements installed in the 
roadway as shown on the plans, lead-in cable and a con- 
trol unit with power supply installed in a traffic signal con- 
troller cabinet or traffic count station cabinet. 

The sensing elements shall be no larger than two (2) 
inches in diameter by four (4) inches high and shall con- 
tain no moving parts. 

The control unit shall be an electronic device capable 
of providing closure of an output circuit when a vehicle 
stands over or passes through the magnetic field of the 
sensing elements connected to the input circuitry of the 
control unit. 

All magnetometer detectors to be installed at a par- 
ticular intersection or traffic count station shall be of the 
same make. 

Where an existing system is being modified and exist- 
ing magnetometer detectors are to remain in use, new 
detection equipment shall be the same make and type as 
the existing. 

2. Performance Characteristics. Each magnetom- 
eter detector shall be capable of being activated by a 
change in magnetic field caused by the presence or passage 
of a vehicle within the lane of required detection at any 
speed from zero (0) to eighty (80) miles per hour. 

Control units for magnetometer detectors shall be 
provided with a time delay feature which shall extend the 
vehicle call for an adjustable period of approximately one- 
tenth (49) second to three (3) seconds. The delay feature 
shall not operate during pulse mode. The pulse control unit 
shall provide an output closure of thirty (30) to fifty (50) 
milliseconds duration for every vehicle entering the area 
of detection. 

3. Control Unit Construction. Each control unit 
shall be furnished with an integral power supply. 
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All input and output circuits for each unit shall enter 
via a single connector. Each connector for modular-type 

_ units shall be provided with either threaded shell or spring- 
loaded latch locking. 

Connector circuitry shall conform to the standard 
product of the manufacturer of the detector control unit 
provided. 

All controls, pilot lights, and meters shall be mounted 
on the front panel of the control unit. Said controls shali 
be manually variable, shall be clearly and permanently 
identified, and shall be operable without the use of tools. 
Timing dials, if used, shall be linearly calibrated. Input 
power shall be used. 

4. Construction Materials. The cable from the 
sensing elements to the adjacent pull box shall be as 
specified by the detector manufacturer. 

The lead-in cable, from the pull box adjacent to the 
sensing elements installed in the roadway to the control 
unit, shall be suitable for both direct burial and installa- 
tion in conduit. At least four (4) No. 18 AWG (minimum 

_ size) stranded, copper conductors shall be provided. Indi- 
_ vidual conductors shall be provided with a minimum 

thickness of 0.010-inch of polypropylene or polyvinyl 
chloride, color coded, insulation. The outer jacket shall be 

0.035-inch minimum thickness, high density, polyethylene. 
_ An amorphous interior moisture penetration barrier shall 

i i ee omen 

be provided to prevent hosing, siphoning or capillary 
absorption of water along cable interstices. 

Calibration of the control unit shall be accomplished 
with tuning controls. 

5. Installation Details. The sensing elements shall 
be placed in holes cut in the roadway at locations shown 
on the plans. Each hole shall be of a diameter large 

enough to accept the particular type of sensing element 
_ being used, with adequate space for the lead-in conductor 
_ cable. Holes shall be cut to a depth to provide a mounting 
depth of the sensing element as recommended by the 

manufacturer of the unit provided. The holes shall be 
vertical, regardless of the slope or grade of the pavement 
surface. 
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Slots, 0.03-foot maximum width by 0.08-foot mini- 

mum depth, shall be cut in the pavement between the 
sensing element holes and the nearest pull box for the 
lead-in conductor cables. 

Slots and holes cut in the pavement shall be blown 
out and dried before installing lead-in conductor cables 
and sensing elements. 

The sensing elements shall be placed in the bottom of 
the holes, in a vertical position, and the holes shall be 
filled with clean dry sand to approximately three (3) inches 
below the pavement surface. 

A separate cable shall be provided for each magne- 
tometer sensing element placed in the pavement. The 
cable shall be run continuously (without splices) to 
the adjacent pull box where splices shall be made to the 
lead-in cable. 

After the lead-in conductor cables are installed in the 
slots, the slots for lead-in conductor cables and the top 
three (3) inches, minimum, of sensing element holes shall 
be filled with epoxy sealant, as described in subsection 
623.02.37(b)5, “Installation Details for Inductive Loop 
Detectors,” to within one-eighth (1%) inch of the pavement 
surface. The thickness of sealant in the slots shall be at 
least one-half (12) inch above the top of the lead-in cable. 
Before setting, surplus sealant shall be removed from 
adjacent road surfaces without the use of solvents. 

(d) Raising or Relocating Existing Pressure-Sensitive 
Detectors. Raising existing pressure-sensitive detectors to 
grade shall be accomplished by removing the existing 
concrete from the detector frame and filling with Class A 
concrete around the frame at the new grade, unless other- 
wise specified. 

When detectors are to be relocated, either the existing 
detector contact unit shall be installed in a new frame and 
foundation, or the existing frame, if in good condition as 
determined by the Engineer, may be set in a new founda- 
tion. The hole left by removing the detector frame and 
foundation shall be filled with Class C concrete, except 
the roadway surface shall be reconstructed with material 
to match existing surfacing. 
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623.02.38 Pedestrian Push Buttons. Where shown 
on the plans, pedestrian push buttons of substantial tamper- 
proof construction shall be furnished and installed. 

The assembly shall be weatherproof and so constructed 
that it will be impossible to receive any electrical shock 
under any weather conditions. 

The pedestrian push button switch shall be a phenolic 
enclosed precision snap-acting type, switching unit, single- 
pole, double-throw, with screw type terminals, rated 15 
amperes at 125 volts, AC, and shall have the following 

characteristics: 
Switching unit shall have a stainless steel plunger actu- 

ator and shall be provided with U-frame to permit recessed 
mounting in push button housing. 

Switch shall have an operating force of nine (9) to 
thirteen (13) ounces and a minimum release force of four 
(4) ounces. 

Pretravel shall be one sixty-fourth (444) inch maximum. 
Overtravel shall be seven thirty-seconds (7%) inch mini- 

mum. 
Differential travel shall be 0.0004 to 0.002-inch. 
Where a pedestrian push button is attached to a pole, 

the housing shall be shaped to fit the curvature of the pole 
and secured to provide a rigid installation. Saddles shall 
be provided to make a neat fit when required. 

Where a pedestrian push button is to be mounted on 
top of a two and one-half (24%) inch diameter post, the 
housing shall be provided with a slip-fitter fitting and 
screws for securing rigidly to the post. 

Push button and sign shall be installed on the cross- 
walk side of the pole. 

Arrows on push button signs shall point in the same 
direction as the corresponding crosswalk. 

623.02.39 Pedestrian Signals. Pedestrian signals shall 
conform to the following: 

(a) Messages. Messages shall be Lunar White “WALK” 
and Portland Orange “DON’T WALK” as defined in the 
Manual on Uniform Traffic Control Devices. 

(b) Types. Pedestrian signal (‘WALK, DON’T 
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WALK”’) shall be a one-piece jack mounted plug-in plastic 
module in which the formed neon words and grid neon 
tubing are integrally molded and positively positioned with 
relation to the internally screened message plate. The 
molded polycarbonate module shall plug in for operation 
without requiring tools or additional wiring. The letter 
height shall be five and one-half (512) inches. The letters 
shall have a stroke width of five-eighths (¥) inch. 

Each signal shall be provided with an “egg crate type” 
visor designed to eliminate sun phantom. 

An alternate pedestrian signal head employing the glass 
fiber optic concept may be furnished. No visors will be 
required with this type of head. The unit shall be com- 
plete, including aluminum housing, displaying the alter- 
nating messages in colors and letter heights and widths 
described above. 

(c) Housing. The housing shall be made of cast alumi- 
num or 3003 H14 sheet aluminum alloy with finish on 
both sides, and shall be one-eighth (7) inch thick mini- 
mum at the points of support. 

The housing for pedestrian signals shall be dustproof, 
weatherproof, and corrosion resistant and shall provide 
for easy access to, and replacement of, all components. 

The housing shall be suitable for either post-top or 
bracket mounting. 

(d) Hoods. The hood shall be of material similar to 
the housing. The top of the hood shall extend a minimum 
length of six (6) inches at the top and five (5) inches at 
the bottom when measured from the surface of the lens. 
The front shall be normal to the top. 

A full divider strip shall be provided between the 
“DON’T” and the “WALK” indications. 

(e) Transformers. Transformers shall be of the proper 
size for the length of tubing and shall carry the label of 
UL or Electrical Testing Laboratories. 

A separate transformer shall be provided for each of 
the “DON’T WALK” and the “WALK” indications. 

The orange words “DON’T” and “WALK” shall oper- 
ate from a single transformer. 
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Transformers shall have a power-factor of ninety (90) 
percent and shall provide 27 milliamperes minimum cur- 
rent. 

(f) Conductors. High-voltage wiring between the gas 
tubes and the secondary side of the transformer shall be 
made with Gas Tube Sign and Oil Burner Ignition Cable, 
Type GTO-15 labeled by UL. 

Other conductors shall be No. 14 AWG, or larger, with 
two sixty-fourths (44) inch minimum Type TW insulation. 

(g) Switch. A fused switch consisting of two (2) car- 
tridge fuses and a lever for disconnecting the fuses for 
pedestrian signals shall be mounted within the signal hous- 
ing and shall be connected to deenergize the transformer 
primary circuit. 

(h) Relays. All relays for operation of the “WALK— 
DON’T WALK” signals shall be placed in the controller 
cabinet. 

(i) Fasteners. All the machine screws, studs and wash- 
ers shall be either plated brass, stainless steel or other 
corrosion resistant material. 

- (j) Gaskets. Gaskets shall be provided as required to 
make the unit raintight and dusttight. 

(k) Finish. The outside of the housing and hood shall 
be painted in accordance with the provisions in Section 
614, “Painting.” 

(1) Terminal Block. A terminal block as specified in 
subsection 623.02.33(b), “Housing,” shall be mounted in 
the unit for field wiring. 

623.02.40 Programmed Visibility Traffic Signal Heads. 
Programmed visibility traffic signal heads and the installa- 
tion thereof shall conform to the provisions in subsections 
623.02.33, “Signal Faces,” and 623.02.36, “Signal Head 

Mounting,” except the provisions in subsection 623.02.- 
33(a), “Optical Units,” and the eighth paragraph in sub- 
section 623.02.33(b), “Housing,” shall not apply. 

The visibility of the signal indication shall be adjustable 
within the signal head to fit the lane or lanes in which 
traffic is to be controlled. 

External illumination shall not cause a signal indication 
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nor shall a signal indication in one signal head cause a 
signal indication in another signal head. 

Each section of a signal face shall provide a twelve (12) 
inch diameter, round indication. 

Each section shall be provided with a sun visor. 
The indication of each signal head, when unpro- 

grammed, shall be visible from anywhere within fifteen 

(15) degrees of the optical axis. The signal head shall be 
capable of being preset at angles between nine (9) degrees 
above and nine (9) degrees below the horizontal and shall 
be preset at five (5) degrees below the horizontal, unless 
otherwise specified. 

The signal head with the yellow indication, prior to pro- 
gramming, shall provide a minimum candlepower of two 
thousand five hundred (2,500) in the direction of the axis 

and a maximum candlepower of one hundred (100) at 
fifteen (15) degrees horizontally in each direction from 
the axis. Said signal head with yellow indication shall be 
capable of being programmed so that a minimum candle- 
power of two thousand five hundred (2,500) can be 
directed along the optical axis and a candlepower of less 
than one hundred (100) directed at one-half (42) degree 
horizontal from the axis and no measurable light is 
directed from one (1) degree to fifteen (15) degrees hori- 
zontal from the axis. Under the same conditions, the candle- 

power of the red indication shall be at least nineteen (19) 
percent of the yellow indication and the candlepower of 
the green indication shall be at least thirty-eight (38) per- 
cent of the yellow indication. 

Lamps for the signal units shall be 150-watt, 120-volt, 

incandescent lamps with a minimum average rated life of 
six thousand (6,000) hours. 

During daylight, the signal indications shall be visible 
only in those areas or lanes designated. During dusk and 
darkness, a faint glow visible to the side will be permis- 
sible. 

Dimming devices shall be provided to gradually reduce 
the candlepower of each signal head for nighttime oper- 
ation to approximately fifteen (15) percent of that for day- 
time operation. 

702 



SIGNALS AND LIGHTING 623 

The Contractor shall program the head as provided by 
the manufacturer and as directed by the Engineer. 

623.02.41 The R-10 sign for mast arm as shown on 
the plans (left turn on green arrow only) shall be furnished 
and installed as indicated on the plans and as directed by 
the Engineer. 

LIGHTING 

623.03.01 Mercury Vapor Luminaires. Mercury 
vapor luminaires shall be horizontal burning type. Unless 
otherwise specified, light distribution shall be ANSI Type 
Ii. 

Luminaires shall be provided for slip-fitter end mounting 
on two (2) inch mast arms. 

Glassware shall be the refractor type with inner or outer 
prisms. 

The refractor shall be mounted in a door frame assembly 
which shall be hinged to the luminaire at the house side 
and fastened at the street side by means of an automatic 
type latch. 

The refractor and door frame assembly shall be forced 
upward at the street side by spring-pressure, against the 
gasket seat, when in the closed and latched position. 

All gaskets shall be composed of a material capable of 
withstanding the temperature involved and they shall be 
securely held in place. 

All parts of the luminaire shall be manufactured from 
corrosion-resistant materials. 

Unless otherwise specified in the special provisions or 
shown on the plans lamps shall be hard glass type, 400- 
watt, mercury vapor, ANSI Type H33-1CD, on thirty 
(30) foot mounting height. 

Mercury vapor lamps shall have a minimum average 
rated life of twenty-four thousand (24,000) hours. 

When specified, luminaires shall have an integral ballast 
as provided in subsection 623.03.13, “Ballasts.” 

Unless otherwise specified in the special provisions or 
shown on the plans, all mercury vapor luminaires mounted 
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on standards shall be equipped with glare shields as pro- 
vided in subsection 623.03.02, “Mercury Vapor Lumi- 
naires with Glare Shields.” 

623.03.02 Mercury Vapor Luminaires with Glare 
Shields. In addition to the provisions in subsection 
623.03.01, “Mercury Vapor Luminaires,” mercury vapor 
luminaires with glare shields shall conform to the follow- 
ing requirements: 

The minimum light distribution for luminaires shall 
correspond to the isolux charts, or IES Type distribution 
shown on the plans. 
Maximum luminaire brightness reading for luminaires 

with 400-watt lamps shall not exceed 100 foot-lamberts 
when measured with a photo-electric brightness meter, 
under the following test conditions: 

Using a one and one-half (11%) degree photoelectric 
brightness meter on the ninety (90) degree and two 
hundred seventy (270) degree lateral angle line, the maxi- 
mum luminaire brightness shall not exceed 100 foot- 
Jamberts when the meter is located at a horizontal distance 
of one hundred twenty (120) feet and a vertical distance 
of 7.5 feet between the luminaire and the meter, or at an 

angle of three (3) degrees thirty-five (35) minutes from 
the horizontal to the line between the luminaire and the 
meter. 

Measurements shall be made from both the ninety (90) 
degree line and the two hundred seventy (270) degree line 
and averaged. 

The lamp shall be operated at the wattage necessary 
to produce 20,000 lumens with 400-watt lamps. 

All equipment shall be new and clean and the test con- 
ducted under conditions of good visibility. 

623.03.03 Fluorescent Tunnel Lighting Fixtures. Flu- 
orescent tunnel lighting fixtures shall conform to the fol- 
lowing: 

(a) Luminaire Housing. Luminaire housing shall be 
fabricated of Type 316 stainless steel. The luminaire shell 
and wire brackets shall be 20-gage, the inner angles, 
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mounting channels, channel latches and cross channel shall 
be 16-gage and the cross channei tabs shall be 10-gage. 

Mounting brackets and plate washers shall be fabricated 
of 0.25-inch cold finished steel and shall be galvanized 
after fabrication. 

The latch operators and hooks shall be made of 16-gage 
and the loops of 12-gage, Type 316 stainless steel. Oper- 
ator lever shall have at least one hundred thirty-five (135) 
degrees free travel. 

Wireway covers shall be made of 0.040-inch, 3003-— 
H14 aluminum alloy sheet. 

Machine screws, cap screws, studs, nuts, rivets, washers 

and lock washers shall be Type 316 stainless steel. 
(b) Lamp Fixture Assemblies. Reflectors, and finger 

tabs shall be made of 0.040-inch aluminum sheet. Lamp- 
holder housing shall be 0.064-inch aluminum sheet. 

The reflecting surfaces noted on the plans shall have a 
specular finish with high resistance to corrosion, abra- 
sion, staining, finger printing and discoloration and to the 
long range deleterious effects of vehicle fumes, light, heat 
(up to two hundred (200) degrees Fahrenheit), water, oils 

and aging. 
The specular reflectance of the reflector at forty-five (45) 

degrees shall be not less than sixty-eight (68) percent when 
measured in accordance with Test Method No. Nev. 1541. 

The reflecting surface shall be of the specular anodized 
type (mechanically polished and electrolytically brightened 
prior to anodizing). 

The aluminum sheet for specular anodized finish shall be 
Type 3003—H14 alloy with Type 1175 alloy cladding on 
the reflective side. The finish process shall be performed 
before or after fabrication of the reflectors. The minimum 
weight of the protective oxide coating shall be 5.0 milli- 
grams per square inch. The coating shall be sealed to pro- 
vide stain resistance. The surface shall be such that finger 
prints may be easily rubbed off with a soft cloth. 

Reflectors shall be protected during forming and assem- 
bly with secure paper coverings which shall only be 
removed just prior to operational testing of the completed 
installation. 
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Machine screws, nuts, and lock washers shall be Type 

316 stainless steel. Rivets shall be aluminum. 
(c) Metal Workmanship. All parts of luminaire hous- 

ings and reflector assemblies shall be clean, uniform in 

appearance and free of defects such as improper fit, cracks, 
dents, deep scratches and abrasions, burrs, roughness, off- 

square ends, holes off center or jagged, damaged machine 
screw heads, blemished anodizing, welds and brazing 
exhibiting poor workmanship, surface irregularities and 
other significant defects. 
Bows and crooks in longitudinal sections shall not exceed 

one-half (12) inch from a flat surface. 
(d) Plastic Covers. Plastic covers shall be crystal clear, 

colorless (except for painted portions), uniform in appear- 
ance, shall be free from surface ripples, blemishes, haze, 
voids, cracks, crazing, warps, scratches, abrasions, burrs, 

roughness, off-square ends, paint and cement smears, dis- 
coloration, surface irregularities and other significant 
defects, shall have uniform thickness over the light trans- 
mission area and shall have high resistance to the long 
range deleterious effects of motor vehicle fumes, washing 
detergents, weathering, light, heat (up to two hundred 
(200) degrees Fahrenheit), water, oils and aging. 

Cover bodies shall be cast or extruded of acrylic mate- 
rial or formed in one (1) piece from molded acrylic sheet. 

The acrylic plastic used shall be formulated from anti- 
oxidant, free water white, methyl methacrylate resin using 
accepted organic catalysts and accelerators. 

The cover ends shall be cemented to the cover body by 
the “soaked joint” method. The finished joint shall be clean 
and crystal clear, shall be without gaps and shall provide 
at least sixty (60) percent of full strength of plastic sheet. 

After fabrication, covers shall be annealed by heating in 
a forced circulating air over at one hundred sixty (160) 
degrees Fahrenheit for a period of twenty-four (24) hours 
and slowly cooled over a period of eight (8) hours. 

Bows, crooks, edge kinks, or “S” warpage in the longi- 
tudinal sections of covers shall not exceed one-eighth (4%) 
inch from a flat surface except that side bow may be not 
more than one-fourth (%4) inch. 
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Physical tests of the finished plastic covers shall comply 
with the following: 

Nominal Values 

1. Refraction index by ASTM Designation: D542................ 1.49 
2. Luminous transmittance “as received” by 

ASTM Designation: D1003 

AR OG Sa: sina ene Sopa ae Seaeieas percetpacine! me Thee x 91 
CO gps LST ES SA, atch RR a tind a a RE EE iE eS, 92 
Ch ee ah wit od wt treet gum oa corm y nd Sab banal * eM ee tie Sea, |e 

3. Deflection temperature by ASTM Designation: D648 
2 A M204 iS habs Stein sf OTL SOURS Ol bas 205° F. 
LA OE TTS Ee oo AS a ee Peer eee Pens Se 2257) F. 

4. Rockwell hardness—R&HP-20, %4” ball, 100KG (Load) M80 

The plastic cover manufacturers shall furnish samples 
which shall be selected by the Engineer. In the case of 
formed or extruded covers, the samples may be cropped 
ends of stock with a minimum width of three (3) inches or 
shall be removed from a completed cover. 

For fast covers, the sample shall be injection molded 
into polished molds three (3) inches in diameter with faces 
0.250-inch apart which are polished flat and parallel or 
shall be removed from a completed cover. 

Samples shall be furnished on each order involving ten 
(10) or more fixtures with a minimum of one sample per 
two hundred fifty (250) covers. Samples shall be subjected 
to all curing and annealing operations experienced by the 
finished plastic covers. 

(e) Gaskets, Mounting Bracket Strips, and Sealing Strips. 
Gaskets, mounting bracket strips and sealing strips shall 
be uniform and even textured and shall be highly resistant 
to stiffening and setting and the long range deleterious 
effects of vehicle fumes, weathering, light, heat (up to one 
hundred sixty (160) degrees Fahrenheit continuous), water, 
oils and aging. 

Medium firmness, closed-cell, synthetic, expanded rub- 
ber gaskets and mounting bracket strips shall conform to 
ASTM Designation: D1056—-SBE-42. 

Extra high softness, open cell, neoprene gaskets shall 
conform to ASTM Designation: D1056—SCO-11. 

Gaskets shall be neatly applied to thoroughly degreased, 
clean, metal surfaces with a suitable heat resistant adhesive 
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which will not allow the gaskets to slip at a temperature of 
one hundred sixty (160) degrees Fahrenheit (continuous). 

The sealing strips shall be vinyl extrusions, gray in color, 
with a hardness rating of eighty (80) durometer. Brittle 
temperature shall be minus twenty (20) degrees Fahren- 
heit or below (Test Method ASTM Designation: D746). 
Strips shall be packaged in nineteen and one-half (19%) 
inch lengths in such a way as to maintain extruded shape. 
The sealing strips shall be installed using a cable “pull in” 
compound to reduce friction. 

(f) Resilient Synthetic Rubber. Sealing Compound. 
Resilient rubber sealing compound shall be of the 
extruded, oil-soluble elastomer base type with a circular 
cross section of approximately one-fourth (%) inch diam- 
eter. The material shail have high resistance to the long 
range deleterious effects of weathering, water and aging. 

(g) Ballasts and Fuse Blocks. Ballasts shall be for two 
ninety-six (96) inch, T-—12, fluorescent lamps as shown 

on the plans. The ballast shall be high-power factor 
sequence-start type. Ballast leads shall be sealed rubber- 
covered and color-coded. The ballast shall be rated at 240 
volts primary, 1.09 amperes and shall conform to the 
requirements of ANSI Standard: C82.1 and ANSI Stand- 
ard C82.2. 

Each fuse block shall be single-pole, side barrier, porce- 
lain type, with open type fuse clip mounting. Fuses shall be 
600-volt for fluorescent lamp circuits. 

All wiring connections in the fixture, except at lamp- 
holders, shall be terminated on two molded phenolic, 

barrier type, pressure connector, terminal block assemblies 
rated at 15 amperes, 600 volts. 

All ballasts, fuse blocks and terminal block assemblies 
shall be mounted on a mounting chassis. 

Each mounting chassis shall be fabricated of 0.125-inch 
Type 3003—H14 aluminum alloy sheet. All units shall be 
mounted on the chassis with cadmium plated brass or steel 
hardware, except for lock washers which shall be beryl- 
lium copper, externally toothed. 

(h) Lampholders and Lamps. Lampholders shall be 
earmounted, compressible type, with silver-plated contacts. 
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All lamps shall be of the very high output, rapid-start 
type with ninety-six (96) inch, T—12 bulb, cool-white color, 
and silver-plated contacts for operation at 1,500 milliam- 
peres. 

(i) Conductors and Wiring. Conductors from ballast 
components to the terminal block assemblies and from 
lamp assembly to ballast block assemblies shall be UL 
approved appliance wiring material (AWM), No. 16 AWG, 
minimum, stranded, copper wire with two sixty-fourths 
(%4) inch thermoplastic insulation. 

The manufacturer’s name or trademark, wire size, insu- 
lation type-letter designation, and temperature rating shall 
be marked on the insulation or a Certificate of Compliance 
conforming to the provisions in subsection 106.05, “Certifi- 
cates of Compliance,” shall be submitted by the manufac- 
turer with each shipment of fluorescent tunnel lighting 
fixtures. 

All conductors from the components shall be secured 
with spring cross straps (but not cabled or served) on the 
underside of the chassis. Color-coding and terminal mark- 
ings shall be as shown on the plans. 

Conductors from lamp assembly to ballast terminal 
block assemblies shall have adequate slack to allow swing- 
ing down of lamp assembly and shall be cabled up to the 
terminal block and in proper order and location for inser- 
tion in terminals. 

Lead ends shall be tinned. 
(j) Service and Distribution Cabinet. The cabinet enclo- 

sure shall be of tamperproof, weatherproof design and con- 
structed of code gage steel with knockouts as shown on 
the plans. The doors shall be provided with a tamperproof 
latch and locking device with a standard type key for acti- 
vating the lock. Doors shall be provided with a stop to 
limit their opening to one hundred twenty (120) degrees 
and shall also be provided with an automatic latching 
device which will operate when the door reaches the 
extreme open position and will hold the door securely until 
released. Each section shall be completely enclosed, self- 

contained, and self-supporting. Side frames shall have suit- 
able openings at top and bottom pull space to permit 
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convenient wiring between sections. Finish shall be factory 
applied light grey baked enamel over rust resistant metal 
primer and shall be highly corrosion resistant. 

Cabinet shall be bottom fed, dead front type for con- 
nection to 240-volt, 3-phase, 3-wire service with panel- 
boards, circuit breakers and contactors as shown on the 

plans. Each panelboard shall have space for future installa- 
tion of a minimum of two 3-pole breakers. 

Circuit breakers shall be molded case type, shall be 
quick-make and quick-break, whether actuated automati- 
cally or manually, and shall have inverse time tripping 
characteristics. On dangerous overload or short circuit, the 
breaker shall instantly open the circuit without damage. A 
laminated phenolic nameplate shall be furnished for each 
panelboard and each circuit breaker. 

Contactors shall be open type with contacts rated for 
100 amperes at 240 volts. The operating coil shall be suit- 
able for operation at 240 volts. 

The Contractor shall furnish five sets of wiring dia- 
grams of the service and distribution cabinet showing 
location and description of components and all wiring con- 
nections. One set shall be sealed in plastic and attached to 
inside of cabinet door. 

623.03.04 Incandescent Luminaires. Type and style 
of incandescent luminaires, lamp equipment and trans- 
formers shall be as specified in the special provisions. 

All side and end mounted luminaires shall be equipped 
with a two (2) inch slipfitter. 

All side mounted incandescent luminaires shall be 
equipped with a porcelain heat barrier bushing, except that 
for multiple type luminaires, glass sleeving may be used. 

623.03.05 Soffit and Wall Luminaires, and Lamps. 
Soffit and wall luminaires shall be of the type or types spec- 
ified. 

Soffit and wall luminaires shall be weatherproof and cor- 
rosion resistant. Installation details and minimum light dis- 
tribution shall be as shown on the plans. 

Each flush-mounted soffit luminaire shall consist of a 
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cast metal body, a prismatic refractor mounted in a door 
frame, a prismatic glass reflector and a socket. The body 
shall have a continuous anchor ring and shall be provided 
with four two (2) inch conduit hubs. The door frame 

assembly shall be hinged, gasketed and secured to the body 
by at least three machine screws. The refractor shall be 
clearly identified as to “street side” and shall be keyed so 
as to fit into the frame in only one way. 

Unless otherwise specified, each flush mounted soffit 

luminaire shall be furnished with an integral ballast 
mounted on a bracket so constructed that the light center 
of the mercury vapor lamp is within one-half (72) inch of 
the light center location for which the luminaire is designed. 

Where an existing flush mounted incandescent soffit 
luminaire is to be modified, the mounting bracket for the 
lamp socket or for the integral ballast shall be so designed 
that the existing tapped holes and machine screws can be 
utilized for the attachment of the bracket to the fixture 
body. 

Each pendant soffit luminaire shall be enclosed and 
gasketed, and shall be furnished with aluminum finish, 
three-fourths ($4) inch top-tapped head, stepped or fluted 
reflector, and refractor attached to reflector. The reflector 
shall have a specular anodized aluminum finish. The refrac- 
tor shall be made of heat-resistant acrylic plastic or glass. 
The optical assembly shall be hinged and latched for lamp 
access and shall be provided with a safety chain. 

Each pendant soffit luminaire shall be furnished with an 
11-gage minimum thickness, metal box (maximum dimen- 
sions of eight inches by nine inches by eleven inches 
(8” x 9” x 11”)), and such box shall house the ballast for 
the luminaire. The box shall be provided with a gasketed 
cover with two (2) captive screws and two (2) chains to 
prevent dropping. Box shall be hot-dip galvanized. 

Each wall-mounted luminaire shall consist of a cast 
metal body of the dimensions shown on the plans. The 
lens frame shall be gasketed and shall allow servicing with- 
out detachment from the body. 

Cast metal bodies made of aluminum, which are to be 
flush mounted in concrete, shall be given a heavy coat of 
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alkali-resistant bituminous paint on all surfaces to be in 
contact with concrete. The paint shall conform to Military 
Specification MIL—P-6883. 

Unless otherwise specified, each soffit luminaire and each 
wall luminaire shall be furnished with a hard glass type, 
175-watt, mercury vapor lamp, ANSI Type H39—22KB, 
with a minimum average rated life of twenty-four thousand 
(24,000) hours. Each lamp socket shall be either reposi- 

tioned or provided with an extension to locate the light 
center of the lamp within one-half (2) inch of that of a 
seven (7) inch light center lamp installed in the fixture. 

623.03.06 Pedestrian Crossing Fixtures. Pedestrian 
crossing fixtures shall consist of fluorescent lighting fixtures 
for pedestrian undercrossings and for pedestrian overcross- 
ings. 

(a) Pedestrian Undercrossing Fixtures. Pedestrian 
undercrossing fluorescent lighting fixtures shall conform to 
the details shown on the plans and as provided in this sub- 
section. 

The design of the fixture shall be submitted to the Engi- 
neer for approval before fabrication of the fixtures is 
started. If deemed necessary by the Engineer, one complete 
prototype fixture shall be delivered to the Engineer for 
approval at least thirty (30) calendar days before fabri- 
cation of the contract fixtures. 

The shell of the fixture shall be of cast aluminum alloy, 
industrial type or Federal Class 18 aluminum, one-fourth 
(44) inch minimum thickness. 

The door shall be one piece of 6061 T6 aluminum alloy, 
one-eighth (7%) inch minimum thickness. 

The lens units in the door section shall be formed of 
one and one-half (112) inch methyl methacrylate rod, cut 
and fire glazed to provide a clear finish or, of cast units, 
providing equivalent tolerances and finish. Units shall con- 
form to the dimensions shown on the plans. 

The lenses shall be secured to the door section with an 
extruded lens retainer of 6063—T5 aluminum alloy con- 
forming to the lens shape. The lens retainers shall fit the 
full length of the lens on both sides. Lens retainers which 
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are continuous for the full length of the three (3) lenses 
will be permitted. “Zee” bars of 3003—H15 or 5005-H14 
aluminum alloy, one-sixteenth (44 4) inch minimum thick- 
ness, may be substituted for the extruded lens retainer. 

The continuous piano hinge shall be of Type 1100 alum- 
inum alloy. The piano hinge shall be riveted to the door 
section with one-eighth (14%) inch aluminum rivets. Match- 

ing holes shall be drilled in the piano hinge and the lower 
edge of the fixture. The door assembly shall be attached 
after the shell is in place by three-eighths (%) inch 8-32 
stainless steel, self-tapping screws. 
A captive, positive keyed, screw-type, latching device 

requiring a special wrench, shall be provided at the upper 
edge to secure the door in the closed position as shown 
on the plans. Two special wrenches shall be delivered to 
the Engineer. 

A neoprene gasket shall be attached to the frame to 
provide a cushion between the shell and the door. 

A chain or other satisfactory device shall be provided 
to prevent the door from coming in contact with the 
undercrossing wall when in the fully open position. 

The fixture shall be held in place by three three- 
eighths inch by eight inch (%” x 8”) anchor boits with 
two nuts as shown on the plans. 

Surfaces of the fixtures in contact with concrete and 
with anchor bolts and nuts shall be painted with a heavy 
coat of alkali-resistant bituminous paint. The paint shall 
conform to Military Specification: MIL—P—6883. 

Each fixture shall contain an F48T12 reflectorized, 

rapid start, fluorescent lamp with thirty (30) degree apera- 
ture and with recessed, double contact base installed on 

the back side of the door directly behind the lens. 
Lampholders shall be listed by UL for outdoor use with- 

out an enclosure and with 1,500-milliampere rapid start, 

fluorescent lamps. One lampholder for each lamp shall be 
of the spring loaded type. 

The distance between the face of the lampholders for 

each lamp shall be designed to provide a compression of 

at least 0.10-inch on the spring type lampholder when the 

lamp is in place. The lamp shall have positive mechanical 
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and electrical contact when the lamp is in place. The 
socket on the spring type lampholder shall have sufficient 
travel to permit installation of the lamp. Springs shall not 
be a, part of the current carrying circuit. 

The ballast shall be of the high power factor type with 
weatherproof leads for operation of one forty-eight (48) 
inch rapid start lamp. Ballasts shall be listed by UL for 
outdoor operation on 110—125-volt, 60 Hz. circuit and 
rated at 1,500 milliamperes. 

All wiring connections in the fixtures shall be terminated 
on a molded, phenolic, barrier type, 2-pole terminal block 
rated at 15 amperes, 600 volts and shall have integral type 
white waterproof marking strips. All current carrying parts 
of the terminal blocks shall be insulated from the fixture 
with integral plugs or strips to provide an insulating value 
in excess of the line to ground flashover voltage. If the 
Contractor elects to use sectionalized terminal blocks, each 
section shall be provided with an integral barrier on each 
side and shall be capable of rigid mounting and alignment. 

Conductors from ballast leads to lampholders shall be 
No. 16 AWG minimum size, stranded, UL approved cop- 
per appliance wiring material (AWM). Splicing of lamp- 
holder conductors to the ballast leads shall be done by 
use of mechanically secure connectors. 

Sufficient slack shall be provided in conductors to allow 
the fixture door to be fully opened. 

Holes for one inch conduit shall be provided in both 
ends of the fixture. Unused holes shall be plugged with 
pressed metal closures. 

-Exposed surfaces of the fixture shall be clean, uniform 
in appearance and free from defects such as improper fit, 
dents, deep scratches and abrasions, burrs, roughness, off- 
square ends, holes off center or jagged, surface irregulari- 
ties and other significant defects. Screws for attaching all 
components to fixture door such as “Zee”. bars, ballast 
and terminal block shall be tapped into door from inside 
only. No screwheads, nuts or other fasteners shall be 
removable from the outside. 

Any defective parts of the fixture, as deverinjutd by the 
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Engineer, before or after the fixture is installed, shall be 
removed and replaced. 

(b) Pedestrian Overcrossing Fixtures. Fluorescent light- 
ing fixtures for installation in the top railing of a pedestrian 
overcrossing chain link sidewalk railing shall conform to 
the details shown on the plans and as provided in this 
subsection. 

Any fixture, the design of which deviates in any way 
from the details shown on the plans, shall be submitted 
to the Engineer for review before fabrication of the con- 
tract fixtures. If deemed necessary by the Engineer, one 
complete prototype fixture shall be delivered to the 
Engineer for review at least thirty (30) days before fab- 

rication of the contract fixtures. The prototype fixture will 
be returned to the Contractor, and if permitted by the 
Engineer, the fixture may be installed in the work. 

The shell of the fixture shall consist of a top section 
and a door section of extruded 6063—-TS aluminum alloy 
(each with a nominal one-eighth (1%) inch wall thickness), 
two cast-end sections of 319 aluminum alloy, and an 
internal wireway cover of 3003—H14 aluminum alloy, all 
as detailed on the plans. 

The top section and the door section shall be joined 
together on one side by a continuous hinge formed as part 
of the two extrusions and shall overlay to permit lock- 
ing on the other side. The hinge shall be treated with a 
suitable silicone grease that will prevent the entrance of 
water by capillary action. 

Fasteners requiring a special socket wrench as detailed 
on the plans shall be provided on the overlap to secure 
the door section in the closed position. Two special socket 
wrenches capable of operating the fasteners shall be fur- 
nished. 

The top section of the shell shall have a fin with three- 
sixteenths (%4 ) inch holes spaced uniformly at twelve (12) 
inch centers to permit the use of 9-gage tie wires to sup- 
port the chain link fence fabric. 

The end sections shall fit on the ends of the fixture and 
shall be welded to the top section only. Each end section 
shall have an open extension with outside diameter equal 
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to that of one and one-fourth (114) inch rigid conduit. A 
three (3) inch sleeve shall be provided with each end sec- 
tion for securing the fixture to the top rail as shown on 
the plans. 

The wireway cover (with three-sixteenths (%.) inch 
hemmed ends up) complete with terminal blocks and 
circuit conductors shall be inserted before welding end 
sections and shall provide clearance at both ends for 
conductors. The cover shall be fastened by at least two 
one-fourth (44) inch No. 4 self-threading sheet metal 
screws with binding head and blunt point. Blind rivets of 
equivalent strength may be substituted. 

The lens units in the door section shall be formed of 
one and one-half (11%) inch methyl methacrylate rod, cut 
and fire glazed to provide a clear finish or, of cast units 
providing equivalent tolerances and finish. Units shall 
conform to the dimensions shown on the plans. 

The lenses shall be secured to the door section with an 
extruded lens retainer of 6063—T5 aluminum alloy con- 
forming to the lens shape. The lens retainers shall fit the 
full length of the lens on both sides. Lens retainers which 
are continuous for the full length of the three (3) lenses 
will be permitted. Zee bars of 3003—H15 or 5005—H14 
aluminum alloy, one-sixteenth (14 ¢) inch minimum thick- 

ness, may be substituted for the extruded lens retainer, if 
approved by the Engineer. 

One or more bronze sash chains or other satisfactory 
devices shall be provided to prevent the door from open- 
ing to such an extent as to damage the hinge. 

Each fixture shall contain an F48T12, reflectorized, 

rapid start, fluorescent lamp with thirty (30) degree apera- 
ture and recessed, double-contact bases installed on the 
back side of the door directly behind the lenses. 

Lampholders shall be listed by UL for outdoor use, 
shall be provided with heat resistant, circular cross sec- 
tion, neoprene sealing gasket; silver-coated contacts and 
waterproofed lead entrance for use with a 1,500 milli- 
ampere, rapid start, fluorescent lamp. One lampholder for 
each lamp shall be of the spring loaded type. 

The distance between the faces of the lampholders for 
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each lamp shall be designed to provide a compression of 
at least 0.10-inch on the spring type lampholder when the 
lamp is in place. The lamp shall have positive mechanical 
and electrical contact when the lamp is in place. The 
socket on the spring type lampholder shall have sufficient 
travel to permit installation of the lamp. Springs shall 
not be a part of the current carrying circuit. 

The ballast shall be thirteen and one-half (1312) inches 
long (maximum) and shall be of the high power factor type 
with weatherproof leads for operation of one forty-eight 
(48) inch rapid start lamp. Ballasts shall be listed by UL 
for outdoor operation on 110-125 volt, 60 Hz. circuits 

and shall be rated at 1,500 milliamperes. 
All circuit conductors entering the fixtures shall be 

terminated on molded, phenolic, barrier-type, 3-pole 
terminal blocks rated at 15 amperes, 600 volts and shall 
have integral-type white waterproof marking strips labeled 
“Line 1, Neutral, Line 2.” All current carrying parts of 
the terminal blocks shall be insulated from the fixture with 
integral plugs or strips to provide an insulating value in 
excess of the line to ground flash-over voltage. The ter- 
minal blocks shall be attached to the wireway cover in 
the top section. If the Contractor elects to use sectionalized 
terminal blocks, each section shall be provided with an 
integral barrier on each side and shall be capable of rigid 
mounting and alignment. 

The electrical system of the pedestrian overcrossing 
shall be effectively grounded by a bare No. 8 AWG copper 
wire installed in the conduit from fixture to fixture, from 

the end fixture to conduit fitting on the end post and from 
conduit fitting on the end post to the grounding bushing 
in the nearest pullbox. 

The ground wire shall be secured to the inside of the 
telescoping sleeve end casting where conductors are car- 
ried and to the inside of the Type LB conduit fitting on 
the end post by means of a connecting lug and a No. 8-32, 
self-threading, pan head screw. 

The lamp, with lampholders, ballast, and fixture wires, 
shall be attached to the door section. The terminal blocks 
shall be attached to the top section or wireway cover. 
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Three No. 10 AWG, solid copper circuit conductors 
shall be installed between terminal blocks as part of each 
completed fixture. 

Conductors from ballast to lampholders shall be No. 16 
AWG minimum size, stranded copper wire. 

All conductors in the fixture, except ballast leads and 
entrance line conductors, shall be UL approved appliance 
wiring material (AWM). 

Splicing of lampholder conductors to secondary ballast 
leads shall be done by use of mechanically secure con- 
nectors. 

Sufficient slack shall be provided in conductors between 
the ballast and the terminal blocks to allow the fixture 
door to be fully opened. 

Exposed surfaces of the fixture shall be clean, uniform 
in appearance and free from defects such as improper fit, 
dents, deep scratches and abrasions, burrs, roughness, 
off-square ends, holes off center or jagged, surface irreg- 
ularities and other significant defects. 

Screws for attaching all components to the fitxure shell 
such as lens retainers, “Zee” bars, ballast and lampholders 
shall be tapped into the shell from inside only with the 
ends of screws ground even with the outside surface of the 
fixture. No screwheads, nuts or other fasteners shall be 

removable from the outside. 
Any defective parts of the fixture, as determined by the 

Engineer, before or after the fixture is installed, shall be 
removed and replaced at the Contractor’s expense. 

The fixture shall be completely fabricated and assembled 
in the shop and shall be ready for installation before ship- 
ment to the project. 

623.03.07 Sign Lighting Fixtures—Fluorescent. Each 
fluorescent sign lighting fixture shall be designed for 
mounting at the bottom of the sign on an overhead sign 
structure as shown on the plans. The fixture shall be a fully 
enclosed type, raintight, dusttight, corrosion-resistant, with 
hinged plastic cover. 

Painting of fixtures will not be required. 
(a) Housing. The shell of the fixture shall be fabricated 
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of 0.064-inch minimum thickness, 3003 H14 aluminum 
alloy sheet with Type 7072 alloy cladding or fabricated of 
other material which will provide equivalent strength and 
corrosion resistance. 

The maximum dimensions of the fixture housing with 
cover shall be seventy-four (74) inches long (for seventy- 
two (72) inch nominal lamps), fifteen and one-half (1512) 
inches wide and five and one-half (512) inches high. 

All external machine screw parts, lock washers, hinge 
pins, etc., shall be made of Type 316 stainless steel. 

(b) Reflector. The reflector shall be fabricated of 
0.020-inch minimum thickness, 3003 H14 aluminum alloy 
sheet with Type 1175 alloy cladding on the reflective side. 

The reflector surface shall be mechanically polished 
prior to anodizing. The finish process shall be performed 
before or after fabrication of the reflector and shall include 
the electrochemical brightening procedure using an acid 
process. The minimum weight of the protective oxide coat- 
ing shall be five (5.0) milligrams per square inch. The coat- 
ing shall be sealed. 

The reflector shall have a specular reflectance of not less 
than sixty-eight (68) percent when measured at forty-five 
(45) degree specular angle in accordance with Test Method 
No. Nev. T541. 

Reflectors shall be protected during forming and assem- 
bling with secure coverings which shall be removed after 
the assembly has been completed. 

- Reflectors shall have hemmed edges for safe handling. 
- (c) Cover. Cover shall be of acrylic material. 
Each plastic cover shall latch easily and securely in place 

without the use of tools and shall be completely free from 
any tendency to loosen under high winds and vibration. 
The cover shall be fitted with non-stretching safety cords, 
chain safety devices, or equivalent, which shall also serve 
as stops when the cover is hinged open. 

- (d) Gaskets. Gaskets between the cover and the fixture 
housing shall be uniform and even-textured, and shall be 
square-section polyvinyl chloride formed tube with a pres- 
sure-sensitive adhesive on one side. 
-- Gaskets shall be neatly applied to thoroughly degressed, 
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clean surfaces with a suitable heat resistant adhesive, which 

will not allow the gaskets to slip at a temperature of one 
hundred sixty (160) degrees Fahrenheit (continuous). 

(ec) Lampholders. Lampholders shall be listed by UL 
for outdoor use, shall be provided with silver coated con- 
tacts and waterproofed lead entrance for use with a 1,500- 
milliampere, rapid-start, fluorescent lamp. One lampholder 
for each lamp shall be of the spring loaded type. Each 
lampholder shall be provided with a heat resistant, circular 
cross section, partially recessed neoprene ring to seal 
against the lamp ends and protect electrical contacts from 
moisture and dirt or other injurious elements. 

The distance between the face of the lampholders for 
each lamp shall be designed to provide a compression of 
at least 0.10-inch on the spring-type lampholder when the 
lamp is in place. The lamp shall have positive mechanical 
and electrical contact when the lamp is in place. The socket 
on the spring-type lampholder shall have sufficient travel 
to permit installation of the lamp. 

Springs for lampholders shall not be a part of the current 
carrying circuit. 

Lampholders shall match lamp requirements and shall 
not increase cathode filament circuit resistance by more 
than 0.01 ohm. 

(b) Terminal Blocks. Each field wiring terminal block 
shall be of the heavy-duty pressure connector type with 
minimum rating of 35 amperes, 600 volts (RMS, 60 Hz.), 
and shall have a phenolic base, marking strip and corro- 
sion resistant metal parts. Terminal screws shall be no 
smaller than size 10-32. Marking strips shall have perma- 
nent symbols indicating wire color as shown on the plans. 

All wiring connections in the fixtures and in the ballast 
boxes shall be terminated on molded, phenolic, barrier 
type, terminal blocks rated at 15 amperes, 600 volts, and 
shall have integral type, white waterproof, marking strips. 
All current carrying parts of the terminal blocks shall be 
insulated from the fixture or ballast box with integral plugs 
or strips to provide an insulating value in excess of the line- 
to-ground flashover voltage. If the Contractor elects to use 
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sectionalized terminal blocks, each section shall be pro- 
vided with an integral barrier on each side and shall be 
capable of rigid mounting and alignment. 

(g) Conductors. All conductors within the fixture shall 
be UL approved appliance wiring material (AWM), 
stranded copper wire with two sixty-fourths (744) inch ther- 
moplastic insulation. Conductors for ballasts shall be No. 
16 AWG. Ballast conductors shall be secured with easily 
removable spring cross straps (not clamped, cabled or 
served) on the underside of the chassis. 

Conductors between sign switch and fixture terminal 
blocks shall be No. 14 AWG minimum. 

Stranded copper conductors shall be tinned before inser- 
tion into pressure connector type terminals. Conductors 
connected to screw type terminals shall terminate in crimp 
type ring connectors. 

1. Sign Lighting Fixtures (120-Volt/240-Volt) 
Integral Ballast Type. In addition to the requirements in 
subsection 623.03.07, “Sign Lighting Fixtures—Fluores- 
cent,” the following requirements shall also apply: 

a. Lamps. Each fixture shall be provided with one 
F727T12, extra high output, cool white fluorescent lamp 
with recessed double contact base, designed for use at 
1,500 milliamperes and which shall meet the requirements 
of ANSI Standard: C78. 

b. Fuses. Fuses shall be of the miniature, slow 

blowing type, with appropriate current and voltage rating. 
Fuseholder shall be a panel mounting type with 

threaded or bayonet type knob which grips fuse tightly for 
extraction. 

c. Ballasts. Ballasts shall be the high power factor 
type with weather-proof leads for operation of one seventy- 
two (72) inch rapid start lamp. Ballasts shall be listed by 
UL for outdoor operation on 110-125 or 220-250 volts, 
60 Hz. circuits (input voltage shown on the plans). Ballasts 

shall be rated at 1,500 milliamperes for high-beam and 
800 milliamperes for low-beam operation. Multiple to 
multiple transformers shall not be used. 

2. Sign Lighting Fixtures (36-Inch Lamp). In addi- 
tion to the requirements in subsection 623.03.07, “Sign 
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Lighting Fixtures—Fluorescent,” the following require- 
ments shall also apply: 

The maximum dimensions of the fixture housing shall 
be thirty-seven (37) inches long (for thirty-six (36) inch 
nominal lamps), fourteen (14) inches wide and four (4) 
inches high. 

a. Lamps. Each fixture shall be provided with one 
F36T12/HO, cool white, rapid-start fluorescent lamp 
which shall meet the requirements of ANSI Standard: 
C78. 

The lamps shall operate from 2-lamp or 3-lamp bal- 
lasts, wherever possible. 

b. Fuses. Fuses shall be of the miniature, slow 
blowing type, with appropriate current and voltage rating. 

Fuseholder shall be a panel mounting type with 
threaded or bayonet type knob which grips fuse tightly for 
extraction. 

c. Ballasts. Ballasts shall be of the high power fac- 
tor type and shall be capable of starting the lamps at zero 
(0) degrees Fahrenheit and above. 

Ballasts shall be rated at 800 milliamperes for high 
output type rapid-start lamps. Ballasts shall be located not 
more than twenty-five (25) feet from connected lamps and 
in a ballast box. Ballasts shall be listed by UL or Electrical 
Testing Laboratories for outdoor operation on 110-125 
volt, 60 Hz. circuits and shall conform to the requirements 
of ANSI Standard: C82.1 and ANSI Standard: C82.2. 

3. Sign Lighting Fixtures (480-Volt Integral Bal- 
last). In addition to the requirements in subsection 
623.03.07, “Sign Lighting Fixtures—Fluorescent,” the fol- 
lowing requirements shall also apply: 

a. Lamps. Each fixture shall be provided with one 
F72T12, extra high output, cool white fluorescent lamp 
with recessed double contact base, designed for use at 
1,500 milliamperes, and which shall meet the requirements 
of ANSI Standard: C78. 

-b. Ballast Equipment. Ballast inductors shall have 
losses not exceeding fifteen (15) percent of lamp arc watts 
at rated current. Maximum current crest factor shall be 1.5 
at rated current. 
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Lamp cathode filament transformers shall provide 
rated secondary voltage (plus or minus ten (10) percent) at 
full load and at one-half (72) load. Transformer losses 

shall not exceed ten (10) percent of load power consump- 
tion. 

Inductors and transformers shall withstand (for a 
period of thirty (30) minutes) the application of 2,200 
volts (RMS, 60 Hz.) from coil to core and transformers 

shall be capable of withstanding the same voltage from coil 
to coil. 

Capacitors shall be rated 660 volts (RMS, 60 Hz.) for 
operation down to minus twenty (20) degrees Centigrade 
and shall be oil filled, hermetically sealed, paper type. 
Capacitance shall be within plus or minus ten (10) percent 
of rating at twenty-five (25) degrees Centigrade. 

Surge limiting resistors shall be ceramic coated, 20- 
watt wire-wound units, resistor leads shall have plastic 
insulation rated 600 volts (RMS, 60 Hz.) for operation at 
two hundred (200) degrees Centigrade. 

Each mounting chassis for inductor, transformer and 
resistor shall be fabricated of 0.125-inch, Type 3003—H14 
aluminum alloy sheet. All units shall be mounted on the 
chassis with cadmium plated brass or steel hardware, 
except for lock washers which shall be beryllium copper, 
externally toothed. 

A minimum spacing of one-eighth (¥%) inch shall be 
provided between the bottom of the ballast inductor and 
the bottom of the fixture housing. 

c. Plug Disconnect. Each plug disconnect shall con- 
sist of molded nylon plug and receptacle housings, contain- 
ing plug pin and individual sockets, designed to be 
crimped to conductors and snapped into the housing. Hous- 
ings shall have integral, molded, polarizing and locking 
devices. Minimum UL electrical rating shall be 10 amperes, 
600 volts (RMS, 60 Hz.). Pins and sockets shall be tin- 
plated, phosphor-bronze secured to conductors using a 
ratchet type precision crimping tool. 

d. Fuseholder. Fuseholder shall be panel mounting 
type rated at 250 volts, AC, complete with a thirteen thirty- 
seconds (1345) inch diameter by one and one-half (1%) 
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inch length, slow blowing, cartridge type fuse. Fuse rating 
shall be as shown on the plans or as directed by the Engi- 
neer. 

Fuseholder shall have a threaded or bayonet type 
knob which grips fuse tightly for extraction. 

623.03.08 Sign Lighting Fixtures—Incandescent. 
Each sign lighting fixture with an incandescent lamp shall 
be of the type shown on the plans or as specified in the 
special provisions. 

Sign reflector fixtures shall be UL approved for outdoor 
installation. The fixture shall consist of a hood with side 
outlet tapped for conduit and a symmetrical eight (8) inch 
steel reflector. The hood shall be cadmium plated and fin- 
ished with aluminum paint. 

The reflector shall have porcelain enameled finish, green 
on outside and white on inside. 

The fixture shall be furnished complete with 1,900- 
lumen traffic signal lamp. 

623.03.09 Flashing Beacons. Where shown on the 
plans, flashing beacons shall be installed. Each beacon 
shall consist of a single section traffic signal head, con- 
forming to the provisions in subsection 623.02.33, “Signal 
Faces,” with yellow or red lens as shown on the plans. 
Mounting of beacons, including span-wire mounting if 
required, shall be as shown on the plans. 

Each flashing beacon control unit shall consist of a 
switch, 10-ampere plug fuse, flasher and terminal block 
housed in a single enclosure. 

The enclosure shall be NEMA Type 3R, and shall be 
provided with top hinged cover, dead front panel, and a 
hasp for sealing cover. Padlocks will be furnished by 
others. 

The enclosure shall be provided with factory applied, 
rust resistant prime coat and baked enamel finish coat. 
Two coats of aluminum paint shall be applied as specified 
in subsection 623.02.16, “Painting.” At the option of the 
Contractor the enclosure may be hot-dip galvanized in lieu 
of painting. 
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Switches shall be 10-ampere, toggle type, single-pole, 
2-wire, 120-volt, AC and shall be mounted at the top and 
center of the dead front panel. 

When shown on the plans or specified in the special pro- 
visions, a 15-ampere circuit breaker, conforming to the 
provisions in subsection 623.02.11, “Service,” shall be 
installed in lieu of the control switch and 10-ampere plug 
fuse specified above. 

The flasher shall be a solid-state device of adequate 
capacity and shall have no contact points or moving parts. 

Flashers shall provide fifty to sixty (50-60) flashes per 
minute with a forty to sixty (40-60) percent duty cycle. 

Flashers shall provide for 2-circuit, alternate operation 
of beacons and shall be furnished with plug-in mounting. 

Terminal blocks shall be rated at 15 amperes, 600 volts, 
shall be molded from phenolic material and shall be the 
barrier type with plated brass screw type terminals and 
integral type marking strips. 

Workmanship and materials shall be equal to that of first 
class electrical instruments. 

When flashing beacons are installed adjacent to or in 
conjunction with a traffic signal system, the flasher control 
shall be installed in the controller cabinet unless otherwise 
shown on the plans. 

The sign panel to be installed on cantilever fiashing bea- 
con shall be mounted using galvanized commercial quality 
five-sixteenths (54) inch diameter hexagonal head bolts 
and nuts, galvanized flat washers and lock washers with a 
fiber washer contacting the face of the sign panel. 

623.03.10 Photoelectric Controls. Photoelectric con- 
trols, as specified in the special provisions or as shown on 
the plans, shall be capable of switching multiple lighting 
systems directly or of switching series lighting systems 
through a high voltage controller. 

(a) Types. The types of photoelectric controls shall be 
as follows: 

Type I photoelectric control shall consist of a photo- 
electric unit and a contactor in a single weatherproof hous- 
ing. 
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Type II photoelectric control shall consist of a photo- 
electric unit in a weatherproof housing and a separate con- 
tactor located in a traffic signal controller cabinet. 

Type III photoelectric control shall consist of a photo- 
electric unit and a separate contactor, each in a separate 
weatherproof housing. 

Type IV photoelectric control shall consist of a photo- 
electric unit in a weatherproof housing which plugs into 
an EEI—-NEMA twist lock receptacle integral with the 
luminaire. 

A switch to permit manual operation of the lighting cir- 
cuit shall be provided for each Type I, Type II, and Type 
III photoelectric control. Switches shall be of the single- 
hole mounting toggle type, single-pole, single-throw, rated 
at 12 amperes, 125 volts. Switches shall be furnished with 
an indicating nameplate reading “Auto-Test” and shall be 
connected in parallel with the load contacts of the photo- 
electric unit. 

(b) Equipment Details. Equipment details shall con- 
form to the following: 

1. Photoelectric Unit. The photoelectric unit shall 
provide an output in response to changing light levels. The 
response level shall remain stable throughout the life of 
the control unit. Components of the unit shall not require 
periodic replacement. 

Units for highway lighting shall have a “turn-on” 
between one (1) and five (5) foot-candles and a “turn-off” 
at between one and one-half (112) and five (5) times 
“turn-on.” 

Units for illuminated signs shall have a “turn-on” 
level of between twenty (20) and thirty (30) foot-candles. 
(Turn-on level specified above corresponds to a switching 
level of approximately forty (40) to sixty (60) foot-candles 
measured in the horizontal plane.) “Turn-off” level shall 
not exceed three (3) times “‘turn-on”’ level. 

Measurements shall be by the procedures set forth in 
EEI—-NEMA Standards for Physical and Electrical Inter- 
changeability of Light-Sensitive Control Devices Used in 
the Control of Roadway Lighting. 
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Photoelectric controls, except Type IV, shall be fur- 
nished with a four (4) inch minimum inside diameter slip- 
fitter containing a terminal block and with cable supports 
or clamps to support pole wires. 

The photoelectric unit receptacle shall be the EEJ-— 
NEMA type. Mounting brackets shall be used where pole- 
top mounting is not possible. Photoelectric controls shall 
be installed at the locations shown on the plans and 
oriented as directed by the Engineer. 

For switching 480-volt, 60 Hz. circuits, a 100 volt- 
ampere, minimum, 480/120-volt transformer shall be 
installed in the contactor enclosure to provide 120 volts 
for the photoelectric control unit. Where more than one 
photoelectric unit is to be installed at the same location, 
a single transformer, with a volt-ampere rating capable of 
handling the total controlled load, may be used. 

Photoelectric units shall be screened to prevent arti- 
ficial light from causing cycling. 

The photoelectric unit shall also conform to the fol- 
lowing: 

The supply voltage rating shall be 60 Hz. 105-130, 
210-240, or 105-240 volts, as required. 

The load rating shall be 800 watts minimum, incan- 
descent, mercury vapor or fluorescent. 

The operating temperature range shall be from minus 
twenty (20) degrees Fahrenheit to plus one hundred fifty 
(150) degrees Fahrenheit. 

The power consumption shall be less than 10 watts. 
The base of the unit shall be provided with a 3-prong, 

EEI—NEMA standard, twist-lock plug mounting. 
2. Contactor. The contactor shall have contacts 

rated to switch the specified lighting load and shall be 
normally open, unless otherwise specified. 

The contactor shall be the mechanical armature type 
consisting of an operating coil, a laminated core, a lami- 
nated armature, contacts and terminals. Contacts shall be 

fine silver, silver alloy, or superior alternative material. 
3. Contactor and Test Switch Housing. For Type I 

control, the enclosure shall house the test switch only. 
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For Type III control, the contractor and test switch shall 
be housed in a suitable NEMA Type 3R enclosure. The 
enclosure shali be provided with a factory applied rust 
resistant prime coat and baked enamel finish coat. Two 
coats of aluminum paint shall be applied as specified in 
Section 614, “Painting.” At the Contractor’s option the 
enclosure may be hot-dip galvanized in lieu of painting. 
A minimum of two and one-half (212) inches shall be 
provided between contactor terminals and end of enclosure 
for wiring connections. The enclosure shall be mounted on 
the same standard as the photoelectric unit at a height of 
approximately six (6) feet above the base. 

For Type II control, the test switch shall be housed 
in the traffic signal controller cabinet with the contactor. 

4. Wiring. Conductors between the photoelectric 
unit and an external contactor shall be No. 14 AWG and 
shall be run inside the lighting standard, or in conduit, 
unless otherwise shown on the plans. 

623.03.11 Series Multiple Relays. Each series multi- 
ple relay shall be a single-pole, normally open, single unit 
relay in a weatherproof enclosure designed for pole mount- 
ing. The operating coil shall be designed and insulated for 
connecting directly into a high-voltage series lighting cir- 
cuit. The load rating shall be 40 amperes, 125 volts, AC, 
unless otherwise specified in the special provisions. 

623.03.12 Transformers. Multiple to multiple and 
series to multiple transformers shall be of the single-phase, 
dry type designed for operation of a 60 Hz. supply. 

(a) Electrical Requirements. ‘Transformer ratings shall 
be 120/480-volt, 240/480-volt, or 480/120-volt for mul- 

tiple to multiple units and 6.6-ampere/118-volt or 6.6- 
ampere/480-volt for series to multiple units or other 
ratings as shown on the plans. 

Secondary 480-volt windings shall be center tapped and 
the center tap shall be grounded. 

Special taps for high or low voltages will not be required. 

Volt-ampere ratings shall be as shown on the plans. 
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Transformer efficiency shall exceed ninety-five (95) per- 
cent for multiple to multiple units and eighty (80) percent 
for series to multiple units. 

Average temperature rise of windings, at full load, shall 
conform to NEMA requirements for Class A insulation. 

Secondary voltage regulation and tolerance shall be plus 
or minus three (3) percent from half load to full load for 
multiple to multiple units and plus ten (10) percent (maxi- 
mum) at no load to plus or minus three (3) percent at full 
load for series to multiple units. 

External leads for multiple to multiple and series to 
multiple secondary connections shall be Type RHW-USE, 
No. 10 AWG, rated 600 volts, AC. Primary conductors 

for series to multiple transformers shall be rated for use 
on 5,000-volt, AC circuits. 

Transformer insulation shall be NEMA Class F or 
better. 

Potting compound shall conform to the temperature 
requirements of NEMA Class A insulation. 

Series to multiple transformers shall withstand the appli- 
cation of 12,000 volts (RMS, 60 Hz.) from core to primary 
coil and from coil to coil for a one (1) minute period. 

Series to multiple transformer secondaries and multiple 
to multiple transformers shall withstand the application of 
2,200 volts (RMS, 60 Hz.) from core to coils and, for 
multiple units only, from coil to coil for a one (1) minute 

period. 
The above tests shall be made immediately after oper- 

ation of the transformer at full load for twenty-four (24) 

hours. 
(b) Physical Requirements. Submersible type trans- 

formers shail be securely encased in a rugged, corrosion 
resistant, watertight case and shall withstand a five (5) 

day test submerged in two (2) feet of salt water (two (2) 
percent salt by weight) with twelve (12) hour on and off 
periods. The operating periods shall be at full load. 

Submersible units shall be capable of withstanding a 
shock test as specified in Military Specification: MIL-— 
STD-—202; Test Method 205; Test Condition C. Mounting 
for shock test may be by any convenient means. 
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Proof of performance after the above tests shall be as 
follows: 

1. Continuity in all windings. 
2. Insulation test at ninety (90) percent of initial 

test voltage. 
3. There shall be no evidence of physical damage 

such as cracks. 
Each transformer to be installed in a pull box shall be 

the submersible type and shall be provided with a handle 
and a hanger as shown on the plans for ballast installation 
in pull box. 

Non-submersible transformer units shall be provided 
with metal half-shell coil protection, shall have moisture 
resistant, synthetic varnish impregnated windings and shall 
be suitable for outdoor operation in a raintight enclosure. 

Transformer leads shall extend a minimum of twelve 
(12) inches from the case. Leads of submersible units 
shall be brought out through one sealed hub and shall be 
secured in a manner which will withstand a one hundred 
(100) pound static pull without loosening or leaking. 

623.03.13 Ballasts. Ballasts for mercury vapor lamps 
shall be designed for the primary current and types of 
lamps specified in the special provisions or shown on the 
plans. 

Ballasts shall be the fully isolated winding type and 
shall provide reliable lamp starting down to minus twenty 
(20) degrees Fahrenheit. Ballasts shall not be the auto- 

transformer type. 
Rubber covered ballast leads, except for integral mul- 

tiple circuit ballasts, shall be non-hydroscopic and the 
entrance of the leads into the ballasts shall have a water- 
tight seal. 

Ballasts installed in pull boxes shall be protected from 
moisture by either encasing ballast in a neoprene water- 
proof jacket or constructing ballast with aluminum, brass 
or galvanized steel casing and cover. The casing and cover 
shall be coated with a moisture resistant paint. 

Ballasts encased in a glass fiber polyester case potted 
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with epoxy resin, or encased in other suitable non-corrod- 
ing material, may be substituted. 

Each ballast to be installed in a pull box shall be pro- 
vided with a handle and hanger as detailed on the plans. 

Ballasts for soffit luminaires shall conform to the fol- 
lowing: 

Ballast shall be furnished with mounting brackets 
attached and shall be equipped with terminal blocks for 
primary connections and lamp socket preconnected to the 
secondary for flush mounted luminaires and with terminal 
blocks for both primary and secondary connections for 
use with suspended luminaires. 

The maximum size of complete ballast unit to be 
installed in Type 9 structure pull boxes shall be five and 
one-half inches by five and one-half inches by ten and 
one-half inches (542"” x512"”x101%"), exclusive of 
handle. 

(a) Multiple Circuit Ballasts. Power factor for multiple 
ballasts shall be better than ninety (90) percent. 

Ballast losses (in lamp watts) for the various sizes of 
mercury vapor lamp ballasts shall not exceed the follow- 
ing: 

Mercury Vapor Lamp Ballast Loss 

EEE TE Ge ee AP ee eee 30 percent 
VAS EN De ne coer, pata ellen ema lated! leer 25 percent 
PIMA weer aes ReehlS OS) Sel OE Oe 20 percent 
AOO-WALT ee rE NY ce A | TAP SATA es 15 percent 
AS Wt CL EER EP AA ae ie) ofa tei . |) 12 percent 

1, 000 ewattetsto< ber deer! ties ces. cl tives ortt--melepia 10 percent 

Unless otherwise specified in the special provisions or 
shown on the plans, ballasts for multiple circuit luminaires 
as specified in subsection 623.03.01, “Mercury Vapor 
Luminaires,” shall be installed in the pull box adjacent 
to each electrolier. 

Integral ballasts shall be the component type with resin- 
impregnated coils and metal cased, hermetically sealed, 
capacitors. 

Ballasts for multiple circuits shall be constant wattage 
type with nominal primary voltage rating of 120/240 or 
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240/480 volts and shall regulate the lamp wattage to 
plus or minus four (4) percent over a plus or minus thir- 
teen (13) percent variation in primary voltage. The lamp 
current wave shape crest factor shall not exceed two (2.0) 
at rated line voltage. 

Integral ballasts for soffit luminaires shall be of high- 
reactance lag-type for operation of a single 175-watt 
mercury vapor lamp on a nominal primary voltage of 120 
volts. 

(b) Series Circuit Ballasts. Primary and secondary 
windings shall be completely wrapped with layers of irradi- 
ated polyethylene tape to a minimum thickness of one- 
eighth (1) inch. The layers of tape shall be fused together 
by heating to insure the exclusion of moisture and other 
contaminants. The complete assembly shall be dipped in 
insulating material conforming to ANSI Standard: C89.1, 
Class F or H, capable of withstanding an operating tem- 
perature of one hundred five (105) degrees Centigrade to 
provide a moistureproof coating. 

The voltage insulation of primary and secondary wind- 
ings and associated leads shall meet or exceed the require- 
ments of ANSI Standard: C82.7. 

Name plate data shall conform to ANSI Standard: 
Caz. 

623.03.14 Falsework Lighting. When required by 
the special provisions, falsework lighting shall be installed 
where vehicular traffic with or without pedestrian traffic 
crosses through or under structure falsework. 

Illumination of the portal faces of falsework shall be 
provided during the hours from dusk to dawn. Illumi- 
nation of the pavement and pedestrian openings through 
or under falsework shall be provided twenty-four (24) 
hours per day. 

The Contractor shall submit a plan of the proposed 
lighting installations and shall not commence falsework 
construction until such plans have been reviewed by the 
Engineer. A subsequent review shall be made by the Engi- 
neer after falsework lights have been placed in operation. 
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Fixtures for illumination of roadway pavement between 
entrances and exit portals shall be provided with an RLM 
Standard Dome reflector. The reflector shall have a white 
porcelain enamel finish on the inside and shall be pro- 
vided with a steel wire guard. 

Fixtures shall be equipped with high-temperature glazed 
porcelain medium base sockets and six (6) foot conductors 
for splicing, approved by UL for outdoor use. 

Fixtures shall be fully adjustable with bracket and 
locking screws on a mounting-plate and shall provide 
mounting directly to a standard metal junction box. 

Fixtures for pedestrian passageways shall be porcelain 
box receptacles mounted on standard metal junction boxes 
and equipped with wire lamp guards. Porcelain box 
receptacles shall be rated at 660 watts, 250 volts. Wire 
lamp guards shall be made of No. 10 AWG wire and shall 
be suitable for general construction work. 

Lamps shall be of the medium-base incandescent type. 
For pavement illumination, lamps shall be 150 watts 
minimum. For pedestrian passageway illumination, lamps 
shall be 100 watts minimum. 

Portal faces of falsework shall be illuminated on the 
side facing traffic with 150-watt minimum PAR reflector 
flood lamps mounted on the structure directly over each 
vertical support adjacent to the traveled way and over the 
center of each lane. Each lamp shall be supported approxi- 
mately sixteen (16) feet above the pavement and approxi- 
mately six (6) feet in front of the portal face, the exact 
position to be as directed by the Engineer. In addition to 
the overhead lighting, each side of each vehicular passage- 
way between portals shall be illuminated by a string of 
yellow, 25-watt lamps spaced at twelve (12) foot intervals 
and mounted between eight (8) and eight and one-half 
(812) feet above the pavement. 

Each flood light shall be aimed in such a manner as to 
preclude glare to oncoming motorists. 

The overhead clearance sign mounted on the falsework 
shall also be illuminated. 

For illumination of roadway pavement between entrance 
and exit portals, a continuous row of fixtures shall be 
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installed over the center of each lane beneath the false- 

work structure at intervals of not more than fifteen (15) 

feet, with the end fixtures not further than seven (7) feet 
inside the portal faces. Mounting height of fixtures over 
the pavement shall be as directed by the Engineer. 

Pedestrian openings, through or under falsework, shall 
be illuminated with fixtures centered over the passageway 
at intervals of not more than fifteen (15) feet, with the end 
fixtures not more than seven (7) feet inside the portal 
faces. The fixtures shall be mounted between 9.5 feet and 
10.5 feet above the walkway surface. 

For roadway pavement and portal face illumination, No. 

12 AWG conductors with Type S insulation shall be used. 
For pedestrian passageways, conductors shall be No. 12 
AWG and enclosed in a one-half (#2) inch unpainted 
zinc-coated metallic conduit. 

Not less than two branch circuits shall be provided. 
Pedestrian passageway lights and roadway pavement lights 
shall be on a minimum of one circuit and portal flood 
lights shall be on a minimum of one separate circuit. Each 
branch circuit shall be fused, not to exceed 20 amperes. 

The above specified portal lighting shall be installed on 
the day that horizontal members are erected and before 
traffic is permitted to pass under the falsework during the 
hours from dusk to dawn. The other falsework lights shall 
be installed as soon as the members on which they are 
to be supported are in place. 

Energy costs for falsework lighting shall be paid by the 
Contractor. 

On each side of each portal entrance, and no farther 

apart than the least horizontal clearance within the portal, 
clearance guides consisting of a panel of boards or a ply- 
wood sheet, four (4) feet wide by eight (8) feet long, shall 
be fastened vertically facing traffic with the bottom of the 
panel three (3) feet to four (4) feet above the roadway. 
The panel shall be painted with not less than two (2) coats 
of flat white paint, furnished and applied by the Con- 
tractor. Testing of paint will not be required. Said clear- 
ance guides shall be fastened in place before darkness on 
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the day that vertical supports are erected and shall be 
maintained clean and white by the Contractor. 

Upon completion of the project or when directed by the 
Engineer, falsework lighting equipment shall become 
the property of the Contractor and shall be removed from 
the site of the work. 

SALVAGING AND REINSTALLING OR STOCKPILING 
ELECTRICAL EQUIPMENT 

623.03.15 Salvaging Electrical Equipment. Where 
shown on the plans or ordered by the Engineer, existing 
electrical equipment to be removed, including controller 
units, cabinets, signal heads, luminaires, standards, mast 
arms, ballasts, transformers, service equipment, pull boxes, 

and detector contact units shall be salvaged. 
Care shall be exercised in removing and salvaging elec- 

trical equipment so that it will remain in its original form 
and existing condition whenever possible. Attention is 
directed to the provisions in subsection 107.11, “Respon- 
sibility for Damage Claims,” and 107.12, “Protection and 

Restoration of Property and Landscape.” The Contractor 
will be required to replace, at his expense, any of the 
above-mentioned electrical equipment, which, as deter- 

mined by the Engineer, has been damaged or destroyed 
by reason of his operations. 

Unless otherwise specified, underground conduit, con- 
ductors, foundations, and detector frames not reused shall 

become the property of the Contractor and shall be 
removed from the highway right of way, except if not 
interfering with other construction, said materials, except 

foundations, may, with the written approval of the Engi- 
neer, be abandoned in place. Certain other materials, when 

shown on the plans, shall also become the property of the 
Contractor. 

Attention is directed to the provisions in subsection 
623.02.02A, “Foundations,” regarding foundations to be 
abandoned. 

Holes formed by removing pull boxes and foundations 
shall be filled with material equivalent to the surrounding 
material. 
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623.03.16 Reinstalling Salvaged Electrical Equipment. 
When salvaged electrical equipment is to be reinstalled, 
the Contractor shall furnish and install all necessary mate- 
rials and equipment, including signal mounting brackets, 
anchor bolts, nuts, washers and concrete as required to 
complete the new installation. 

All traffic signal, flashing beacon, and lighting fixtures 
to be reinstalled shall be cleaned and relamped. 

Existing materials required to be relocated and found 
to be unsatisfactory by the Engineer shall be replaced by 
new material and the cost therefor will be paid for as 
extra work as provided in subsection 104.03, “Extra 
Work.” 

623.03.17 Stockpiling Salvaged Electrical Equipment. 
Existing equipment removed and not reused shall be 
salvaged and shall be stockpiled at the site of the work. 

METHOD OF MEASUREMENT 

623.04.01 Measurement. The unit of measure for 
“Traffic Signal System,” “Highway Lighting System,” and 
“Traffic Signal and Highway Lighting System,” will be 
lump sum. 

The quantity of “Conduit for Future Conductors” will 
be measured for payment by the linear foot of conduit 
complete and in place. 

All measurements will be made in accordance with sub- 
section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

623.05.01 Payment. The lump sum price or prices 
paid for traffic signals, highway lighting systems, sign 
illumination systems, traffic counting detectors, or com- 
binations thereof, or the unit prices paid for various units 
of said systems shall include full compensation for furnish- 
ing all labor, materials, tools, equipment, and incidentals, 
and for doing all the work involved in furnishing and 
installing, modifying, or removing the systems or combina- 
tions thereof as shown on the plans, and as specified in 
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these specifications and the special provisions, and as 
directed by the Engineer, including any necessary pull 
boxes; excavation and backfill; concrete foundations; 

restoring sidewalk, pavement and appurtenances damaged 

or destroyed during construction; salvaging existing mate- 
rials; and making all required tests. 

Full compensation for all additional materials and labor, 
not shown on the plans or specified, which are necessary 
to complete the installations of the various systems, shall 
be considered as included in the prices paid for the sys- 
tems, or units thereof, and no additional compensation 

will be allowed therefor, except as provided in subsection 
623.01.05, “Maintaining Existing and Temporary Elec- 
trical Systems.” 

The accepted quantities of “Conduit for Future Con- 
ductors,” measured as provided in subsection 623.04.01, 
“Measurement,” will be paid for at the contract unit price 
bid per linear foot for conduit. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

AEP O SP rit) ays) Fo) 1 w neenat epallenty netomat, ale lea bles te Lump Sum 
Highway Lighting System (may include 

Siontlipntingisystem prt. Ce Sn. Lump Sum 
Traffic Signal and Highway Lighting System 

(may include sign lighting system)..................--.----------- Lump Sum 
CONUUIT OL) BUT ee ONCUCUOES co. san secre ras Bees nent Linear Foot 
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SECTION 624 

ACCOMMODATIONS FOR PUBLIC TRAFFIC 

DESCRIPTION 

624.01.01 General. This work shall consist of pro- 
viding for traffic by constructing detours or special detours, 
permitting traffic to pass through construction, and using 
flagmen or pilot cars and maintaining the base, or a com- 
bination of these methods as indicated in the contract doc- 
uments or as directed in writing by the Engineer. 

MATERIALS 

624.02.01 General. The materials used for the con- 
struction and maintenance of facilities required for the free 
flow of public traffic and for protection of the work shall 
be those prescribed for the several items which constitute 
the finished work and shall conform to all the requirements 
for such materials as set forth herein. 

CONSTRUCTION 

624.03.01 Special Detours. Special detours shall be 
constructed as shown on the plans or as specified. Detour 
locations indicated on the plans may be approximate only; 
the exact location shall be as staked by the Engineer. 

Grading for special detours shall consist largely of motor 
grader work, supplemented where necessary by other 
mechanical equipment, to provide the specified roadbed 
width and a grade line free from breaks or rolls of suffi- 
cient magnitude to be hazardous to traffic. 

When grading of special detours has been completed and 
approved by the Engineer and, if required on the plans or 
in the special provisions, the special detours shall receive 
surfacing materials of the kind and type specified, and they 
shall be placed and constructed in accordance with the 
requirements for the particular materials used. 

Water shall be applied to detours in amounts necessary 
to attain the compaction of graded sections and of surfac- 
ing materials. 
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Maintenance on special detours shall consist largely of 
filling holes as they develop, adding surfacing and applying 
liquid asphalt, blading, watering, and performing any other 
work necessary to maintain the detour satisfactorily, as 
ordered by the Engineer. 

Eradication of special detours shall consist largely of 
blade grader and scraper work supplemented by other 
equipment when necessary. Eradication will be performed 
to the extent that the ground will be restored as nearly as 
feasible to the original, and material disposed of, all as 
directed by the Engineer. 

624.03.02 Flagmen. If, in the opinion of the Engi- 
neer, controlled traffic is necessary for protection of the 
work or for safety of public traffic, flagmen shall be 
employed by the Contractor at places designated by the 
Engineer. This does not exclude the use of flagmen by the 
Contractor, at his expense, whenever he sees fit to do so. 

Flagmen shall have completed an approved instructional 
course in flagman procedures. A prospective flagman shall 
possess a valid flagman card attesting that he has satisfac- 
torily completed said instructional course conducted by the 
Highway Department or some other approved course given 
by another entity of government within the State. 

Each flagman shall be supplied for use in daylight, with 
an orange vest, and an orange hard hat. For nighttime con- 
ditions similar outside garments shall be reflectorized. Flags 
shall not be less than twenty-four (24) inches square, made 
of a good grade of red material securely fastened to a staff 
approximately three (3) feet in length. The free edge shall 
be weighted to insure that the flag will hang vertically, even 
in heavy winds. Sign paddles may be used in lieu of red 
flags. Paddles shall be at least twenty-four (24) inches 
wide, with six (6) inch series “C” letters and have a rigid- 
fixed handle. This combination sign paddle may be fabri- 
cated from sheet metal or other light semi-rigid material. 
The background of the “STOP” face shall be red with 
white letters and border. The background of the “SLOW” 
shall be orange with black letters and border. 

The flagman must stand just outside of approach traffic 
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lane. He should be near enough to the men and work being 
protected so that there can be no doubt as to his purpose. 
This distance may vary from two hundred (200) to five 
hundred (500) feet, depending upon road conditions and 
upon the visibility and location in regard to curves and 
hills. The flagman should place himself so that approaching 
drivers can see him from a distance of at least five hundred 
(500) feet. He should be positioned so as to have the flag 
or sign paddle visible in the traffic lane, but he should not 
jeopardize his own safety and must be ready to stand clear 
of an approaching vehicle in case it does not stop. 

When signalling traffic to stop, slow down, or proceed, 
the flagman must face the traffic affected by the signals. 
The flag or sign paddle is not to be waved. Particular atten- 
tion must be given to the flagging of traffic when operations 
are being conducted on a curve or hill and are hidden from 
the view of an approaching driver. 

The flagman should always be courteous but firm, giving 
explanation in a few words as to the delay or hazard, such 
as “Men Working in Road Ahead,” “Fresh Oil,” etc. A 
flagman must not lose his temper or get into an argument 
with the traveling public. 

In stopping traffic, the flag or paddle shall be extended 
in a horizontal position across the lane of traffic so that the 
fuil area of the flag hanging below the staff is visible. 

In slowing down traffic, without stopping, flag or paddle 
shall be extended in a horizontal position across the lane 
of traffic and as the vehicle approaches, the flag shall be 
lowered and traffic motioned to proceed. 

To request traffic to proceed after stopping, the flag and 
arm shall be lowered from the horizontal position and 
traffic motioned to proceed. 

624.03.03 Pilot Cars. If, in the opinion of the Engi- 
neer, it is necessary to afford additional protection to the 
work, workmen, or public traffic, a pilot car and driver 
shall be used as he directs. This provision shall be in effect 
even though the pilot car and driver are not indicated on 
the plans or provided for in these specifications. 

Pilot cars shall be suitable vehicles in good mechanical 
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condition and shall carry a sign which shall comply with 
the design and mountings as shown on the standard draw- 
ing appended to the special provisions, or shown on the 
plans. 

624.03.04 Maintain Base. When the proposal con- 
tains an item of “Maintain Base,” the provisions of subsec- 
tion 109.03, “Extra and Force Account Work,” shall 
apply. 

624.03.05 Equipment Rental. When the proposal 
contains an item of equipment rental, the use of such 
equipment shall be as directed by the Engineer or as indi- 
cated on the plans. 

METHOD OF MEASUREMENT 

624.04.01 Measurement. Measurement for the vari- 
ous items involved in accommodating traffic shall be paid 
for as follows: 

(a) When the proposal contains an item “Special 
Detours,” measurement for payment will be made in 
accordance with the provisions of subsection 109.03, 
“Extra and Force Account Work.” 

(b) When the proposal contains an item of “Flagman,” 
the flagging as specified in the contract documents, or 
ordered by the Engineer or required by other government 
agency having jurisdiction, will be measured by the num- 
ber of hours that flagmen are actually used to direct traffic 
within the right of way limits of the project, and at points 
where the Contractor’s hauling equipment enters or leaves 
the public traffic stream while hauling borrow and base 
and surface aggregates from deposits set forth in the Spe- 
cial Provisions and Material Information Packet, as possi- 
ble sources of such material, will be measured or paid for. 
The cost of all other required flagmen shall not be meas- 
ured or paid for directly but the cost thereof shall be con- 
sidered as included in the payment for other items of work. 

(c) When the proposal contains the item of “Pilot Car,” 
the piloting as specified in the contract documents or 
ordered by the Engineer, will be measured by the number 
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of hours that the pilot car and driver are actually used to 
lead traffic through the controlled areas. 

(d) When the proposal contains an item “Maintain 
Base,” measurement for payment will be made in accord- 
ance with the provisions of subsection 109.03, “Extra and 
Force Account Work.” 

(ec) When equipment is used for constructing special 
detours or maintaining the base and such equipment is 
rented as indicated in the proposal, it shall be measured 
for payment by the number of hours actually used. 

BASIS OF PAYMENT 

624.05.01 Payment. Payment for special detours and 
maintain base, measured as specified in subsection 624.- 
04.01, “Measurement,” will be paid for by “Force 
Account.” 

Eradication of special detours shall be paid for as “Force 
Account” and shall be included in the bid item “Special 
Detours.” 

The accepted quantities of flagmen measured as specified 
in subsection 624.04.01, “Measurement,” will be paid for 
at the contract bid price per hour for flagmen, which price 
shall be full compensation for all equipment, competent 
personnel, and all incidentals necessary for the operation. 

The accepted quantities of pilot car, measured as speci- 
fied in subsection 624.04.01, “Measurement,” will be paid 
for at the contract bid price per hour for pilot car, which 
price shall be full compensation for the vehicle, an experi- 
enced driver, all operating costs, and depreciation. 

When the items of flagmen or pilot car do not appear in 
the proposal, and it is necessary to protect the traveling 
public, in the Engineer’s opinion, flagmen or pilot cars will 
be furnished by the Contractor and payment therefor will 
be made in accordance with subsection 104.03, “Extra 
Work,” except, however, when the Contractor constructs 
and maintains a detour at his expense as provided in sub- 
section 104.04(c), “Maintenance of Traffic.” 

The accepted quantities of equipment rental measured 
as specified in subsection 624.04.01, “Measurement,” will 
be paid for at the contract unit price bid per hour for the 
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particular items of equipment indicated in the proposal 
form. The contract unit price bid per hour shall include 
skilled operators for each piece of equipment, fuel, lubri- 
cants, repairs, depreciation, and all expenses incidental to 
the operation of the equipment. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

SPECIAL DSC se Ne rece eter cerceenee carer eee eee eee ee Force Account 
Flagmat.2iict...: BACUMEES OR.  e ee Hour 
Pilot; Gar. .2<...jtec) .. SME ee I Pie ee bo. ae es Hour 
Maintain. Base 206 Woo cg oe i PO a Force Account 

Rent.\Equipinent{type Vs 22228 An. eee See Hour 
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SECTION 625 

CONSTRUCTION SIGNS 

DESCRIPTION 

625.01.01 General. This work shall consist of fur- 
nishing and erecting for rental, all necessary barricades, 
traffic cones, delineators, Type A and Type B barricade 
warning lights, and standard construction signs at locations 
set forth in the contract documents, or as directed by the 
Engineer, for the protection of the work, workmen, and 
guidance and safety of the traveling public. 

All construction signs, barricades, traffic cones, delinea- 

tors and barricade warning lights shall remain the property 
of the Contractor upon completion of the contract and 
shall be removed from the project by him. 

All signs, barricades, traffic cones, delineators and barri- 
cade warning lights shall conform to the requirements of 
the MUTCD Manual, the Standard Highway Sign Book 
(1972) including the Nevada Supplement thereto, unless 
indicated otherwise on the plans or in the special provi- 
sions. 

MATERIALS 

625.02.01 General. It is expressly intended that a 
rather broad selection of material be granted the Contrac- 
tor since construction signs are in temporary use. Sign 
panels may be constructed of steel, aluminum, wood, or 
other approved material and be of a sound, durable nature. 
The materials shall be of such quality to do the job for 
which they are intended and are subject to approval by the 
Engineer. Signs which have become dull, have flaking or 
peeling paint, are dirty or are otherwise marred shall be 
repaired or replaced with acceptable signs. 

All materials shall conform to the requirements specified 
in the following section: 

Sioms Mi AtCr ia Sco cs ese occa ner a eres Section 716 
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625.02.02 Reflectorization. All construction signs, 
barricades and delineators shall be reflectorized. Traffic 
cones, when used during the hours of darkness, shall be 

reflectorized. Minimum reflectorization shall be as follows: 
(a) Signs shall be reflectorized using Type I reflective 

sheeting materials. 
(b) Barricades and traffic cones shall be reflectorized so 

as to be visible under normal atmospheric conditions from 
a minimum distance of one thousand (1,000) feet when 
illuminated by the low beams of standard automobile head- 
lights. 

(c) Delineators shall be reflectorized by means of a pris- 
matic reflector with a minimum diameter of three (3) 
inches. 

625.02.03 Sign Dimensions. Sign dimensions shown 
are minimum standard. Increases above this minimum are 
permissible and desirable where investigation has shown a 
larger sign is needed for adequate emphasis. In the enlarg- 
ing of signs, standard shapes and colors shall be used, and 
standard proportions shall be retained, so far as practica- 
ble. 

CONSTRUCTION 

625.03.01 General. Before any detour or temporary 
route is opened to traffic, all necessary signs shall be in 
place. Signs required by road conditions or restrictions 
shall be removed immediately when those conditions cease 
to exist or the restrictions are withdrawn. Guide signs 
directing traffic to and on temporary routes or detours shall 
be removed when no longer applicable. 

625.03.02 Sign Placement. Signs must always be 
placed in positions where they will convey their messages 
most effectively without restricting lateral clearance of sight 
distance. Placement must therefore be accommodated to 
highway design and alignment. Signs must be so placed 
that the driver will have sufficient time to absorb the mes- 
‘sage before having to act. 

As a general rule, signs shall be located on the right 
hand side of the roadway, with the near edge of the sign 
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from six (6) feet to twelve (12) feet from the edge of the 
traveled way or at least two (2) feet outside an unmount- 
able curb. Where construction or maintenance operations 
are underway, however, it is often necessary to place signs 
on barricades within the roadway, or (usually as supple- 
mentary or duplicate signs) on the left of the roadway. All 
signs should be mounted approximately at right angles to 
the direction of and facing the traffic they are to serve. 
Roadside signs should be mounted so that the bottom of 
the sign is approximately five (5) feet above the pavement 
level. Where construction equipment or materials or other 
obstructions may be present, this height should be increased 
to seven (7) feet. Standards for height and lateral clearance 
of roadside signs are shown in the standard drawings. 
Signs mounted on barricades, or temporary signs in the 
roadway, may be at lower heights as dictated by circum- 
stances, however when signs are to be mounted on barri- 
cades, the bottom of the sign must have a one (1) foot 
minimum clearance above the pavement. 

625.03.03 Sign Supports. Signs, posts, and their 
foundations shall be so constructed as to hold signs rigidly 
in a proper and permanent position, and prevent them from 
swaying in the wind, or from being turned or otherwise 
displaced by children or irresponsible persons. 

A portable or removable type of mounting may be used 
for signs required intermittently or which are frequently 
moved. Such a mounting shall be heavy enough not to turn 
over in the wind, and its base shall not be appreciably 
wider than the sign. 

625.03.04 Barricades. Highways closed to traffic shall 
be protected by Type I, Type II, or Type III barricades, as 
approved by the Engineer, on which shall be placed appro- 
priate warning signs. The Contractor shall provide and 
maintain appropriate warning and detour signs at all clos- 
ures, intersections, and along detour routes, directing the 

traffic around the closed portions of the highway so that 
the temporary detour route or routes shall be indicated 
clearly throughout its or their entire length. 
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625 CONSTRUCTION SIGNS 

Rocks, asphalt or concrete pieces, construction materials 
and other debris shall not be used as a weighting device for 
barricades, however, sand bags will be permitted as long as 
a low center of gravity is maintained as approved by the 
Engineer. 

METHOD OF MEASUREMENT 

625.04.01 Measurement. The quantity of construc- 
tion signs to be measured for rental will be the number of 
square feet of sign surface furnished in accordance with 
the dimensions shown on the plans. 

Barricades will be measured for rental and will be iden- 
tified by the type set forth in the proposal. If more than 
one type of barricade is involved, separate measurement 
will be made for each type given. For purposes of measure- 
ment and rental, Type I and Type III barricades shall be 
measured for rental by the linear foot of width of the 
barricade or barricades erected. Type II barricades shall 
be measured for rental as units. Traffic cones or delin- 
eators shall be measured for rental as units. Type A and 
Type B barricade warning lights shall be measured for 
rental as units. 

Only the quantity and type of signs and barricades 
ordered or approved in writing by the Engineer for deliv- 
ery to the project will be measured for payment. Such 
order or approval will not be given until after the Con- 
tractor has informed the Engineer of his proposed method 
of operation. 

All measurements will be made in accordance with sub- 
section 109.01, “(Measurement of Quantities.” 

BASIS OF PAYMENT 

625.05.01 Payment. ‘The accepted quantity of con- 
struction signs measured as provided in subsection 625.- 
04.01, “Measurement,” will be paid for at the contract 
unit price bid per square foot. 

Signs which have been measured for payment as set 
forth in subsection 625.04.01 but were not erected will be 
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CONSTRUCTION SIGNS 625 

paid for only at the rate of sixty (60) percent of the con- 
tract unit price bid. 

Payment will not be made for signs which are inade- 
quate or are not in compliance with the specification 
requirements, therefore, permanent deductions will be 
made from the final payment as determined by the sched- 
ule of prorating progress set forth in subsection 109.06 
of these special provisions. 

The accepted quantity of barricades measured as pro- 
vided above will be paid for at the contract unit price bid 
per linear foot for Type I and Type III barricades and at 
the contract unit price bid per each for the Type II barri- 
cades and traffic delineators and cones and Type A and 
Type B barricade warning lights. 

Moving signs and barricades from one location to 
another on the project, as directed by the Engineer, shall 
be considered necessary and essential and no additional 
compensation will be allowed therefor. 

The above prices shall be full compensation for furnish- 
ing, erecting, maintaining, moving, removing, and dispos- 
ing of signs and barricades and any necessary excavation 
and backfill and for furnishing warning lights, and hard- 
ware necessary to complete the work. 

Partial payments may be made as set forth under sub- 
section 109.06, “Partial Payments.” 

Signs and barricades which have been approved for 
payment shall not be removed from the project until 
approved in writing by the Engineer. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

RENT ODS tIOD SIONS. es ee See ou Square Foot 
Rent Construction Barricades (Type I)..........-.....------------ Linear Foot 
Rent Construction Barricades (Type IID)........................ Linear Foot 
Rent: Construction, Barricades (Dype*Il).............:...........--2....-.--- Each 
Rentilsatuc Denneators ee ed, sae Each 
BTU ANLIC MC OTICS ete eo ect re ace Fe keene nee Each 
Rent Barricade Warning Lights (Type A)..........-.-....----------------- Each 
Rent Barricade Warning Lights (Type B).............--.-.------------------ Each 
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SECTION 626 

TEMPORARY SIGNS 

DESCRIPTION 

626.01.01 General. This work shall consist of fur- 
nishing and erecting signs, barricades, traffic cones, delin- 
eators, and/or warning lights, or erecting similar traffic 

control devices previously removed at locations shown in 
the contract documents or directed by the Engineer, for 
the safety of the traveling public at temporary connections, 
crossovers, and/or detours. All signs, barricades, traffic 
cones, delineators, and warning lights shall be retained by 
the State as State property. 

All signs, barricades, traffic cones, delineators, and/or 

warning lights shall conform to the requirements of the 
MUTCD Manual, the Standard Highway Sign Book 
(1972), including the Nevada Supplement, unless indicated 
otherwise on the plans or in the special provisions. 

MATERIALS 

626.02.01 General. All materials shall be new, except 
materials which have been designated as “Reset.” 

New material shall conform to the following applicable 
requirements: 

Signo Moterigisntt. te bavciee: 20. boise... ee Section 716 

Sign posts shall be timber of the size shown on the 
plans. The posts shall be of the same materials and receive 
the same preservative treatment as required under Sec- 
tion 620, “Right of Way Markers.” 

626.02.02 Reflectorization. All signs, barricades, traf- 
fic cones, and delineators shall be reflectorized. The mini- 

mum reflectorization shall be as follows: 
(a) Signs shall be reflectorized using Type 1 reflective 

sheeting. 
(b) Barricades and traffic cones shall be reflectorized so 

as to be visible under normal atmospheric conditions from 
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626 TEMPORARY SIGNS 

a maximum distance of one thousand (1,000) feet when 

illuminated by the low beams of standard automobile 
headlights. 

(c) Delineators shall be reflectorized by means of a 
prismatic reflector with a minimum diameter of three (3) 
inches. 

CONSTRUCTION 

626.03.01 General. Signs, barricades, traffic cones, 

and delineators shall conform to the detailed design and 
methods of erection shown on the Standard Design Sheets. 

Before any route is opened to traffic, all necessary signs 
shall be in place. 

626.03.02 Signs. Sign locations indicated on the 
plans are approximate only. Final determination of sign 
locations will be made in the field by the Engineer. 

Each sign face shall be thoroughly cleaned according to 
the reflective material manufacturer’s recommendations, 

and all undesirable material that is visible on the face of 
the sign shall be removed. The use of abrasives or other 
cleaning material that will scratch or otherwise deface shall 
not be permitted. 

Sign faces of all directional signs facing public traffic 
and directing such traffic to a portion of the project not 
yet open to public traffic, shall have the message covered. 

Care shall be exercised at all times in handling, storing, 
transporting, and erecting of the signs. Signs which are 
damaged shall be repaired or replaced at the Contractor’s 
expense. 

626.03.03 Traffic Cones. Temporary traffic cones 
shall conform to the design and placement shown on the 
plans. Cones shall be attached to the pavement with an 
epoxy designed for the purpose of attaching the flexible 
cone material to the type of pavement at the location 
shown on the plans. The rate of application of the epoxy, 
the allowable temperature at time of application and the 
method of application shall be as recommended by the 
manufacturer and as approved by the Engineer. 

626.03.04 Barricades. Rocks, asphalt or concrete 
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TEMPORARY SIGNS 626 

pieces, construction materials and other debris shall not be 
used as a weighting device for barricades, however, sand 
bags will be permitted as long as a low center of gravity 
is Maintained as approved by the Engineer. 

626.03.05 Remove and Re-erect Temporary Signs or 
Barricades. Signs or barricades to be removed and 
re-erected will be designated on the plans or in the spe- 
cial provisions. Care shall be taken in removing signs or 
barricades and no equipment or devices shall be used 
which might cause damage thereto. If damage is done due 
to the negligence of the Contractor, the sign shall be 
replaced in kind at the expense of the Contractor. 

Any new posts or hardware necessary to re-erect the 
sign or barricade shall be furnished by the Contractor, 
shall be of the same kind as those in the original, if avail- 
able, and the cost thereof shall be included in the contract 

price for the work. The Department reserves the right to 
furnish the Contractor with such materials as it deems 
advisable, and these materials shall be used in the re-erec- 
tion of the signs or barricades in lieu of materials removed. 

Sign and barricade reflectorized faces shall be cleaned 
in accordance with the provisions of subsection 626.03.02, 

“Signs.” 

METHOD OF MEASUREMENT 

626.04.01 Measurement. The quantity of new or 
re-erected temporary signs to be measured for payment 
will be the number of square feet of sign surface in the 
completed work measured in accordance with the dimen- 
sions shown on the plans. 

Barricades will be measured for payment and will be 
identified by the type set forth in the proposal. If more 
than one type of barricade is involved, separate measure- 
ment will be made for each type given. Type I and Type 
III barricades shall be measured for payment by the linear 
foot of width of the barricade or barricades erected com- 
plete in place to the satisfaction of the Engineer. Tempo- 
rary traffic cones shall be measured for payment on an 
each basis complete in place to the satisfaction of the 
Engineer. 
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626 TEMPORARY SIGNS 

Tempotary signs and barricades shall remain a part of 
the completed project. 

All measurements will be made in accordance with sub- 

section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

626.05.01 Payment. The accepted quantity of new 
and re-erected temporary signs measured as provided in 
subsection 626.04.01, “Measurement,” will be paid for at 
the contract unit price bid per square foot. 

The accepted quantity of barricades measured as pro- 
vided above will be paid for at the contract unit price bid 
per linear foot for Type I and Type III barricades. Type 
II barricades, traffic delineators and Type A and Type B 
barricade warning lights will be paid for at the contract 
unit price bid per each. 

The accepted quantity of temporary traffic cones meas- 
ured as provided above will be paid for at the contract 
unit price bid each which price shall be full compensation 
for furnishing and installing the cones complete in place 
in the accepted work. | 

The above prices shall be full compensation for erecting, 
removing and re-erecting, excavation and backfill, and for 
all materials and labor necessary to complete the work. 

Partial payments for new signs and barricades may be 
made as set forth under subsection 109.06, “Partial Pay- 
ments.” | 

All payments will be made in accordance. with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

_ Pay Item Pay Unit 

-FEMporary, SiQnS srer.-2-<12.-¢2/-. climes --4e-:--eentsh-ef hazed. Square Foot 
Temporary Barricades (Type I)........................ of hee Linear Foot 
Temporary Batrieades (Lype Ill) 2o = 2 ee ee Linear Foot 
Temporary Barricades (1 ype” eine i ee ee ee, ee ee Each 
Temporary Signs, Remove and Reset....:..........2....-......... Square Foot 
Temporary Signs, Remove............--:..--.::. ecleads. 34.2 Square Foot 
-LOMDORALY, p WISUS ots CSCL en pies Sheesh wd ey ae f ack Square Foot 
Femporary Tale ee Ones. te = ee ee orn ene ee ETE 
TeMIPOTATy? DCMMCALOLS tees te-ct ht Ata ee een 
Temporary Barricade Warning Lights (Type A)................0....... Each 
Temporary Barricade Warning Lights (Type B)............. .195fz Each 
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SECTION 627 

PERMANENT SIGNS 

DESCRIPTION 

627.01.01 General. This work shall consist of fur- 
nishing, erecting and installing all signs, sign supports and 
other materials required for highway signs in accordance 
with the MUTCD Manual, the Standard Highway Sign 
Book including the Nevada Supplement, these specifica- 
tions as shown on the plans and as directed by the Engi- 
neer. This item does not include construction signs used 
for traffic control during construction or temporary signs. 

The work shall generally consist of: 

(a) Overhead signs, including concrete foundations, steel 
sign posts and frames, and steel sign panels with porcelain 
enamel finish. 

(b) Ground mounted signs consisting of concrete foun- 
dations, steel sign posts, reflectorized aluminum sign 
panels, and appurtenances. 

This item does not include sign illumination systems. 

627.01.02 Shop Drawings. When overhead sign struc- 
tures are to be furnished, the Contractor shall submit to 
the Engineer five (5) sets of shop drawings for each over- 
head sign structure for approval. Fabrication of the over- | 
head sign structures shall. not commence until the shop 
drawings have been approved by the Department. 

Shop drawings for signs will not be required, however 
all signs shall conform to the plans and either the Standard 
Highway Sign Book or the Nevada Supplement thereto. 
‘For signs which are shown on the Sign Summary Sheets 
‘and are not included in the Standard Highway Sign Book 
or the Nevada Supplement, special sign design sheets shall 
be furnished by the Department to the successful bidder 
“after the time of award of the project. The special design 
sheets shall include such information as letter heights, 
spacing between letters and words, borders, sign radii, etc. 
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627 PERMANENT SIGNS 

These signs shall conform to the special design sheets as 
well as the drawings noted on the plans. 

MATERIALS 

627.02.01 General. Materials shall conform to the 
following applicable requirements: 

Sign iMateriais®. .tetcmcea, efi Fe ee Oe eee! ae Section 716 

627.02.02 Reflectorization. All signs, except over- 
head signs, shall be reflectorized. The types of reflective 
materials to be used shall be as follows: 

(a) Reflectorized green guide signs (excluding over- 
head guide signs) shall utilize Type I reflective sheeting for 
sign background, letters, numerals, symbols, borders and 
accessories. All letters, numerals, symbols, borders and 
accessories shall be directly applied to the sign back- 
ground. 

(b) All other reflectorized signs shall utilize Type I 
reflective sheeting. 

627.02.03 Overhead Guide Signs. All overhead guide 
signs shall be porcelain enamel. 

627.02.04 Cut-out Letters, Numerals, Symbols and 

Accessories for Guide Signs. All names of places and 
highways on guide signs shall be composed of lower case 
letters with initial capital letters. The initial capital letters 
shall be one and one-third times the “loop” height of the 
lower case letters. Other legend on guide signs shall be in 
capital letters. 

It is intended that the initial capital letters (and numer- 
als) used shall be series E, modified by widening the 
stroke-width to approximately one-fifth (44) the letter (or 
numeral) height. Tables of recommended letter spacing can 
be obtained from the FHWA. 

Arrows which are used for large directional guide signs 
shall be in direct proportion to the arrows shown in the 
MUTCD. 
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PERMANENT SIGNS 627 

CONSTRUCTION 

627.03.01 Panel Fastenings. The panel sections shall 
be provided with suitable fastenings, as shown on the 
plans, to permit easy attachment to the supporting frames. 
These fastenings shall be so designed as to carry the full 
design load with a factor of safety of not less than 1.5. 
Panel sections shall be provided with closure strips at the 
joints. 

Panel fastenings for use on sign panels covered with 
Type II reflective sheeting shall utilize nylon washers for 
contact between the reflective sheeting and the metal 
washer. 

627.03.02 Closure Strips. Closure strips shall be 
anchored by aluminum rivets as shown on the plans. 
Rivets shall be the same color as the sign face. Closure 
strips are required only on aluminum sign panels. 

627.03.03 Installation. Sign locations indicated on 
the plans are approximate only. Final determination of 
sign locations will be made in the field by the Engineer. 

Signs and sign islands shall be constructed to the lines 
and grades given by the Engineer and in accordance with 
the design and locations shown on the plans. 

All signs shall be erected as specified before, during or 
immediately after the completion of bituminous plantmix 
surface operations. 

The date of installation, consisting of month and year, 
shall be permanently stamped on the back of each sign 
with metal dies and shall be visible only on close inspec- 
tion. The stamp shall be placed on the lower right hand 
corner when facing the rear of the sign. 

Each sign face shall be thoroughly cleaned according to 
the reflective material manufacturer’s recommendations, 

_ and all undesirable material that is visible on the face of 
the sign shall be removed. The use of abrasives or other 
cleaning material that will scratch or otherwise deface shall 
not be permitted. 
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627 PERMANENT SIGNS 

Sign islands shall-be constructed as roadway embank- 
ment in conformity with Section 203, “Excavation and 
Embankment.” Structure excavation and backfill shall con- 
form to the requirements of Section 206, “Structure Exca- 
vation,” and Section 207, “Backfill.” Anchor bolts shall 

be set true to line and grade and posts shall be plumb. 
_. Sign faces of all directional signs facing public traffic 
and directing such traffic to a portion of the project not 
yet open to public traffic, shall have the message covered. 

Care shall be exercised at all times in the handling, 
storing, transporting, and erecting of the signs. Signs which 
are damaged shall be repaired or replaced at the Con- 
tractor’s expense. 

Pipe sign posts may be field cut and drilled to adjust 
for local conditions when approved by the Engineer. 
Flame cutting will not be permitted. All field cuts and 
abraded areas on steel pipe posts shall be thoroughly 
cleaned and given two coats of paint having a high zinc 
dust content conforming to the requirements of Federal 
Specification MIL—P—21035. 

Extending the lengths of sign posts to adjust for local 
conditions by splicing or welding will not be permitted. 

627.03.04 Tests. It shall be the Contractor’s respon- 
sibility to ascertain that all required tests have been made 
by qualified testing laboratories as approved by the Depart- 
ment. The Contractor shall furnish the Department with a 
written certification that all required tests have been satis- 
factorily completed and that materials and fabrication 
thereof comply with all the requirements. 

METHOD OF MEASUREMENT 

627.04.01 Measurement. Permanent signs, other than 
signs listed as “Overhead,” shall be measured for payment 
by the number of square feet of sign face surface. The 
square footage shall be determined from the dimensions 
of sign panels in the completed and accepted work. 
- Sign panels on permanent signs listed as “Overhead” 
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PERMANENT SIGNS 627 

signs shall be measured by the square foot. of sign panel 
in the completed and accepted work. 

Sign supports for permanent signs listed as “Permanent 
Overhead Sign Support Structures” shall be measured and 
paid for on the lump sum basis. 

All measurements will be made in accordance with sub- 

section 109.01, “Measurement of Quantities.” 

BASIS OF PAYMENT 

627.05.01 Payment. Sign panels shall be paid for at 
the contract unit price bid per square foot for “Permanent 
Signs (Ground Mounted),” which shall be full compensa- 

tion for furnishing all labor, materials, tools, supplies, 
equipment, and incidentals and for doing all the work 
involved in furnishing and erecting permanent signs (other 
than signs listed as overhead) complete in place as shown 
on the plans and as herein specified, including but not 
limited to structure excavation and backfill, concrete 

foundations, supports, sign islands, and making all required 
tests. 

Sign panels shall be paid for at the contract unit price 
bid per square foot for “Permanent Sign Panels (Over- 
head),” which payment shall be full compensation for 
furnishing all labor, materials, tools, supplies, equipment, 
and incidentals and for doing all the work involved in 
furnishing and erecting permanent sign panels (for signs 
listed as overhead signs) complete in place as shown on 
the plans and herein specified. 

Sign supports shall be paid for at the contract lump 
sum price bid for “Permanent Overhead Sign Support 
Structures” which payment shall be full compensation for 
furnishing all labor, materials, tools, supplies, equipment, 
and incidentals and for doing all the work involved in 

_ furnishing and erecting permanent sign supports (for all 
signs listed as overhead signs) complete in place as shown 
on the plans and as herein specified, including structure 
excavation and backfill, concrete foundations, cast-in-place 
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627 PERMANENT SIGNS 

concrete piles, structural steel posts and frame, sign 
islands, and making all required tests. 

All payments will be made in accordance with sub- 
section 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Permanent Signs (Ground Mounted)............................-. Square Foot 
Permanent Sign Panels (Overhead).................20.02..-2.22----- Square Foot 
Permanent Overhead Sign Support Structures.................. Lump Sum 
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SECTION 628 

MOBILIZATION 

DESCRIPTION 

628.01.01 General. The item of mobilization shall 
consist of preparatory work and operations, including, but 
not limited to, those necessary for the movement of per- 
sonnel, equipment, supplies, and incidentals to the project 
site, for the establishment of all offices, buildings and other 

facilities necessary for work on the project, as well as all 
other work and operations which must be performed, or 
costs incurred, not otherwise paid for prior to beginning 
work on the various items on the project site. 

This item shall also consist of furnishing water and elec- 
tricity to all Department furnished field laboratories used 
on the project. The amount of water and electricity sup- 
plied shall be that necessary to satisfy the requirements of 
the Department and the Contractor shall make all neces- 
sary connections of both water and electricity to the labor- 
atories. 

PAYMENT 

628.05.01 Payment. Payment for this work will be 
made at the contract lump sum bid price for “Mobiliza- 
tion.” 

All payments will be made in accordance with subsec- 
ion 10502, “Scope of Payment.” 

ayment will be made under: 

Pay Item Pay Unit 

15 5) 81 eC 1s ine evetpereene apc re eomernenemnent cme elma AR CN Lump Sum 

(gtr 
V 
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SECTION 632 

HEADLIGHT GLARE SCREEN 

DESCRIPTION 

632.01.01 General. This work shall consist of fur- 
nishing and installing headlight glare screen at the loca- 
tions and in accordance with the details shown on the plans 
and as specified herein. 

Headlight glare screen may consist of expanded steel or 
aluminum mesh panels mounted on galvanized steel posts 
and tied to a top and bottom tension wire or may be of 
other acceptable material specified in the plans. 

MATERIALS 

632.02.01 General. The aluminum and steel mate- 
rials for the headlight glare screen shall conform to the fol- 
lowing provisions: 

(a) Expanded Mesh. The expanded steel mesh panels 
shall be fabricated from 22 gage Galvanized Sheet Com- 
mercial Quality (dry for continuous strip painting) to 
ASTM A-525, 1.25 oz. commercial galvanized coating 
with minimum spangle; or 

_ The expanded aluminum mesh panels shall be fabricated 
of aluminum alloy 3105—H25. The expanded mesh panels 
shall have the following nominal dimensions: 

Diamond! Size..ihi2..22.i2..22b.. 1.33” short dimension 
(center to center of bridges) 

4.00” long dimension 
(center to center of bridges) 

SH apie are ee eee Aluminum 0.050” Steel 0.034” thick 
Aluminum or Steel 0.250” in width 

Panel Size for Type A.............. 2’-0” long dimension of diamonds 
6’-8” or 12’-8” short dimension of - 

diamonds 
Panel Size for Type B............... 2’-0” long dimension of diamonds 

5’-5” or 10’—-5” short dimension of 
diamonds 

_ The weight of expanded aluminum mesh shall be not less 
than 0.21-pound per square foot. 
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Steel mesh panels before fabrication shall be treated in 
power washing equipment with a chemical conversion 
coating conforming with the requirements of Federal Speci- 
fication MIL—C-—5541 and furnished with two coats of 
protective paint on both sides, applied before fabrication. 

Aluminum mesh panels before fabrication shall be 
treated in power washing equipment with a chemical con- 
version coating conforming with the requirements of Fed- 
eral Specification MIL—C-—5541 and finished with one coat 
of high temperature baking enamel on both sides, applied 
before fabrication. 

The finish for the steel mesh panels shall be one primer 
coat of zinc chromate containing epoxy followed by a fin- 
ish coat of commercial quality, high temperature baking 
enamel, made with a combination of alkyd, vinyl, and 
amino resins, or equivalent materials formulated for roller 
coating application. Both coats shall be applied in one con- 
tinuous pass through the roller coating equipment. 

The finish for the aluminum mesh panels shall be com- 
mercial quality, high temperature baking enamel, made 
with a combination of alkyd, vinyl, and amino resins, or 
equivalent materials, formulated for roller coating applica- 
tion. 

The color of the enamel finish shall be Interstate Green 
unless otherwise specified. The baked enamel finish shall 
be uniform throughout and shall be smooth and free from 
flow lines, streaks, blisters, or other surface imperfections. 

The composition of the baked dry film shall conform to 
the following requirements: 

1. Thickness. The dry film thickness shall be not 
less than 0.8 mil as determined by ASTM Designation: 
D1400. 

2. Gloss. ‘The gloss of the enamel shall be standard 
medium gloss (sixty (60) degrees specular gloss 70 mini- 
mum when tested in accordance with Federal Test Method 
Standard No. 141, Method 6101). 

3. Color Uniformity. The color uniformity of the 
enamel after baking shall be constant within commercial 
limits when checked visually in the Macbeth Daylight 
Booth. 
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4. Coating Adhesion. There shall be no loss of 
adhesion of the coating to the base metal during or after 
fabrication of the expanded mesh panels. 

After fabrication, expanded mesh when installed on the 

barrier rail shall give a complete cut-off of all oncoming 
headlight beams at angles up to twenty (20) degrees from 
their straight ahead direction. 

Shearing shall be accomplished in a uniform and work- 
manlike manner with a minimum of burrs, edge spalling of 
enamel, sharp edges and shear marks. 

(b) Posts, Caps and Hardware. Posts on metal beam 
barrier rail shall be fabricated of structural steel conform- 
ing to the specifications of ASTM Designation: A36 and 
shall be hot-dip galvanized after fabrication in accordance 
with specifications of ASTM Designation: A123. Hardware 
shall be commercial quality and shall be galvanized. 

Posts on concrete barrier rail shall be standard weight 
black pipe conforming to the requirements of ASTM Des- 
ignation: A53 or A120 and shall be threaded to receive 
standard threaded pipe caps. Posts and caps shall be hot- 
dip galvanized after fabrication. Hardware shall be com- 
mercial quality and shall be galvanized. 

(c) Tension Wires. The top and bottom tension wires 

shall be 7-gage and shall be galvanized coil spring steel 
wire of commercial quality. 

(d) Wire Ties. The bottom tension wire shall be tied to 
each post with 9-gage (0.1483” min. dia.) steel wire ties or 
hog rings. The expanded mesh panels shall be tied to the 
top and bottom tension wires and to each post with 11-gage 
(0.120” min. dia.) steel wire ties or hog rings. Wire ties 
shall be given at least one complete turn. 

Steel wire ties and hog rings shall be commercial quality 
and shall be galvanized. 

Aluminum wire ties or hog rings of the same minimum 
_ diameters as specified for steel may be substituted for steel 
wire ties or hog rings. 

The aluminum wire ties shall be aluminum alloy 1100- 
H18 conforming to the specifications of ASTM Designa- 
tion: B211. Aluminum hog rings shall be fabricated from 
either aluminum alloy 6061—T94 or 5052—H38. 
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(e) Removable Expanded Mesh Panel. Removable 
expanded: mesh panels shall be installed as shown on the 
plans. | 

The steel “L”-shaped bolts with nuts and washers for 
supporting the removable panel and the sign fastening 
hardware shall be commercial quality and shall be gal- 
vanized. 

The sign shall conform to the provisions for target plates 
as provided in Section 619 and the plans. The enamel fin- 
ish coat shall comply with the requirements of Federal 
Specification TT—E-—489 as required in Section 721 of the 
Standard Specifications. The color of the finished sign shall 
be white. The letters on the sign shall be black. 

Note: Without expense to the Department, two cer- 
tificates covering each order of material shall be furnished 
by the manufacturer certifying that the product complies 
with the specifications. One certificate shall be delivered 
to the Engineer in charge at the jobsite at the time of, or 
prior to, delivery of the order. The other certificate shall be 
delivered to the Department at Carson City prior to accept- 
ance of the material. 

CONSTRUCTION 

632.03.01 General. Headlight glare screen shall be 
erected on steel posts and tied to a top and bottom tension 
wire and shall be mounted on the metal beam or concrete 
barrier rail at the locations and in accordance with the 
details shown on the plans. The exact location of the 
removable expanded mesh Emergency Panel will be deter- 
mined by the Engineer. 

METHOD OF MEASUREMENT 

632.04.01 Measurement. The quantity of headlight 
glare screen to be paid for will be determined by the linear 
foot from actual measurement along the line of the com- 
pleted headlight glare screen. 

BASIS OF PAYMENT 

632.05.01 Payment. The quantity of headlight screen 
measured as provided above shall be paid for at the contract 
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unit price bid per linear foot for “Headlight Glare Screen,” 
which payment shall be full compensation for furnishing 
all labor, materials, tools, equipment, and incidentals, and 

for doing all the work involved in constructing headlight 
glare screen, including the Emergency Panels and hard- 
ware complete in place as shown on the plans and as speci- 
fied. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Heatheht Glare Screen (Type A).22. 522. Linear Foot 
Headlight Glare Sereen (Ty petB)2.......-02.........-..--20e0c00 Linear Foot 
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SECTION 633 

PAVEMENT MARKERS 

DESCRIPTION 

633.01.01 General. This work shall consist of fur- 
nishing and placing pavement markers at the locations 
shown on the plans or where directed by the Engineer. 

The markers shall have the shape, dimensions and toler- 
ances shown on the plans. 

Pavement markers will be of the type and color shown 
on the plans or specified herein. 

This work shall also consist of furnishing, locating, plac- 
ing, maintaining, and removing temporary pavement strip- 
ing tape and temporary pavement striping tape (pilot line). 

MATERIALS 

633.02.01 Non-Reflective Pavement Markers. Non- 
reflective pavement markers shall consist of a heat-fired, 
vitreous, ceramic base and a heat-fired, opaque, glazed 
surface to produce the properties required in these specifi- 
cations. The glazed surface shall not be present on the 
bottom of the marker which will be cemented to the road 
surface. The markers shall be produced from any suitable 
combination of intimately mixed clays, shales, tales, flints, 
feldspars, or other inorganic material which will meet the 
properties herein required. The markers shall be thoroughly 
and evenly matured and free from defects which affect 
appearance or serviceability. 

The top surface of the non-reflective marker shall be 
convex and the radius of curvature shall be between three 
and one-half (312) inches and six (6) inches, except that 
the radius of the one-half (12) inch nearest the edge may 
be less. Any change in curvature shall be gradual. The top 
and sides shall be smooth and free of mold marks, pits, 

indentations, air bubbles, or other objectionable marks or 
discolorations. The base of the marker shall be flat (the 
deviation from a flat surface shall not exceed 0.05-inch) 
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633 PAVEMENT MARKERS 

and free from gloss glaze or substances that may reduce its 
bond to the adhesive. 

The non-reflective ceramic type markers shall conform 
to the following tests: 

(a) Adhesive bond strength to ie 
surface of the marker using adhesives speci- 
fied in subsection 633.02.03, “Epoxy Adhe- 
sive for Pavement Markers”................-.........700 p.s.i. min. 

(b) Glaze Thicknes$:atoo11). szeilut.12 2nsie 0.005” min. 

(c); Moh ‘Hardness!:.casceacli.aved Lede excdzeo 6 min. 
(d) Directional reflectance (white markers only) 

ib. xo Glazed:surfaced?. 3o.sd_Uive atelier Jase 75 min. 
2. Body of market.....qistarl betinea2 19 ans. 70 min. 

(e) Yellowness Index (white markers only) 
linstGlazed surfacesst cover: hase. .pHint 0.07 max. 
20 Body:ofumatker tnemoaved. xisiocasl A 0.12 max. 

(f) Autoclave............ Glaze shall not spall, crack or peel 
(2) Strength.) ._/-._.-.. BIATSRTAM.. 750 Ibs. min. 
th Water absotption eG sp eee 2.0 percent max. 

633.02.02 Reflective Pavement Markers. Reflective 
pavement markers shall be of the prismatic reflector type 
consisting of methyl methacrylate or suitable compounded 
acrylonitrile butadiene styrene (ABS) shall be filled with a 
mixture of an inert thermosetting compound and filler 
material. The exterior surface of the shell shall be smooth 
and contain one methyl methacrylate prismatic reflector 
face of the color specified. 
. The infrared curves of the compounded methyl meth- 
acrylate or acrylonitrile butadiene styrene shell shall match 
approved curves on file in the Materials and Testing 
Department. 
~The base of the marker shall be flat (the deviation from 
a flat surface shall not exceed 0.05-inch), rough textured 
and free from gloss or substances which may reduce its 
bond to the adhesive. | 

The color of the reflector when illuminated by an auto- 
mobile headlight shall be an approved clear. Off-color 
reflection shall constitute grounds for rejection. : 
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The reflective type markers shall.conform to the follow-. 
ing tests: 

(a) Adhesive bond strength to bottom 
surface of the marker using adhesives speci- 
fied in subsection 633.02.03, “Epoxy Adhe- 
sives for Pavement Markers”..................2.... 500 p.s.i: min. 

(b) (Reflectande:)-2Ahecne.. b2200 Specific Intensity Clear 
0 degree Incidence Angle, min........2....22222.22. 3.0 
20 degrees Incidence Angle, min.......-.....22.2222.22..-. 2 

(EOC CH OT Sar ete Fe te Seine. oe 2000 Ibs. min. 

633.02.03 Epoxy Adhesive for Pavement Markers. 
Unless otherwise ordered in writing by the Engineer, mark- 
ers shall be cemented to the pavement with Standard Set 
Type adhesive as provided in Section 728, “Epoxy.” If 
approved by the Engineer, the Contractor, for his con- 
venience, may substitute Rapid Set Type for the Standard 
Set Type at no additional cost to the State. 

If Rapid Set Type adhesive is ordered by the Engineer, 
the difference in cost between furnishing and applying 
Standard Set Type and Rapid Set Type will be paid for as 
extra work as provided in subsection 109.03, “Extra and 
Force Account Work.” 

633.02.04 Temporary Pavement Striping. Tempo- 
rary striping tape shall be yellow or white or any com- 
bination thereof as directed by the Engineer and shall 
conform to the following requirements: 

The striping material shall be a reflectorized adhesive 
marking tape which will be readily visible when viewed 
with automobile headlights at night and shall be composed 
of a conformable backing coated with a pressure sensitive 
adhesive and shall be designed for marking of asphalt. The 
tape shall be four (4) inches wide and not less than 20 mils 
or more than 30 mils thick with a minimum tensile strength 
of forty (40) pounds per inch of width. The color shall 
closely match the color normally used by the State in 
pavement striping. The upper or visible surface shall have 



633 PAVEMENT MARKERS 

a minimum apparent reflectance of seventy-five (75) per- 
cent as determined in accordance with ASTM Designa- 
tion E—97. Beads shall be strongly adhered to the four (4) 
inch tape at the rate of at least 1.76 but not more than 
1.95 lb. per 100 lin. ft. The striping material backing shall 
permit complete removal without requiring sandblasting, 
solvent or grinding methods. 

Temporary pavement striping tape (pilot line) shall be 
four-inch by four-inch (4” x4”) squares and shall be 
placed on traffic lane lines at -...*.... foot intervals. Lane 
lines and ....*.... foot intervals shall be located by the Con- 
tractor as approved by the Engineer. 

633.02.05 Tests. Pavement markers and epoxy adhe- 
sives for pavement markers shall comply with the require- 
ments of these specifications when tested in accordance 
with Test Method No. Nev. T500. 

The Contractor shall furnish the Engineer with Certifi- 
cates of Compliance executed by the manufacturers of the 
markers and epoxy adhesives attesting that they conform 
to these specifications. 

CONSTRUCTION 

633.03.01 Installation. The portion of the highway 
surface to which the markers are to be bonded by the 
adhesive shall be free of dirt, curing compound, grease, 

oil, moisture, loose or unsound layers, paint and any other 
material which would adversely affect the bond of the 
adhesive. Cleaning shall be done by blast cleaning on Port- 
land cement concrete. The adhesive shall be placed uni- 
formly on the cleaned pavement surface or on the bottom 
of the marker in a quantity sufficient to result in com- 
plete coverage of the area of contact of the marker with 
no voids present and with a slight excess after the marker 
has been pressed in place. The marker shall be placed in 
position and pressure applied until firm contact is made 
with the pavement. Excess adhesive around the edge of 
the marker, excess adhesive on the pavement, and adhesive 

*As shown on proposal. 
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on the exposed surfaces of the markers shall be imme- 
diately removed. Soft rags moistened with mineral spirits 
conforming to Federal Specifications TT—T-—291 or kero- 
sene may be used if necessary, to remove adhesive from 
exposed faces of pavement markers. No other solvent 
shall be used. The markers shall be protected against 
impact until the adhesive has hardened to the degree 
designated by the Engineer. 

The adhesive requires that the mixing operation and 
placing of the markers be done rapidly. When hand mix- 
ing or machine mixing the Standard Set Type adhesive, 
all markers shall be aligned and pressed into place within 
five (5) minutes after mixing is started. When hand mix- 
ing adhesive, not more than one (1) quart shall be mixed 
at one time. Any mixed batch which becomes so viscous 
that the adhesive cannot be readily extruded from under 
the marker on application of slight pressure shall not be 
used. 

Automatic mixing equipment for the epoxy adhesive 
shall use positive displacement pumps and shall properly 
meter the two components in the specified ratio, plus or 
minus five (5) percent by volume of either component. At 
the beginning of each day and at any other time ordered 
by the Engineer, the ratio shall be checked by the Con- 
tractor in the presence of the Engineer. This check shall be 
made by disconnecting the mixing heads, or using suitable 
bypass valves, and filling two suitable containers with the 
unmixed components. The mixing head shall properly mix 
the two components so that there is no trace of black or 
white streaks in the mixed materials. 

The Standard Set Type adhesive shall not be used 
when either the pavement or the air temperature is less 
than fifty (50) degrees Fahrenheit. No markers shall be 
installed if the relative humidity of the air is greater than 
eighty (80) percent or if the pavement is not surface dry. 
The Engineer shall be the judge as to when the adhesive 
has set sufficiently to bear traffic. 

All markers shall be installed to the line established by 
the Engineer. Reflective markers shall be installed in such 
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a manner that the reflective face of the marker is at right 
angles to a line parallel to the roadway centerline. 

No pavement markers shall be installed over longi- 
tudinal or transverse joints of the pavement surface. 

The Contractor shall furnish, apply, maintain, and 
remove all temporary pavement striping tape. Temporary 
pavement striping tape shall be used on construction 
crossovers, detours and temporary connections. Tempo- 
rary pavement striping tape (pilot line) shall be placed 
on all Jane lines of permanent unmarked bituminous sur- 
faces prior to allowing public traffic thereon, or, when 
approved by the Engineer, at the conclusion of paving 
operations on the day public traffic is first allowed on the 
unmarked bituminous surface. 

_ The surface to which the tape is applied shall be dry, 
free of oils, grease, dust and dirt. The tape shall be 
tamped down immediately after application in order to 
obtain a proper bond, and shall be removed from final 
pavement surface and where necessary to reroute public 
traffic as directed by the Engineer. 

It should be considered normal and expected that por- 
tions of the temporary striping tape shall have to be 
replaced during the life of the contract. The locations and 
extent of these replacements shall be determined by the 
Engineer. 

633.04.01 Measurement. The quantity of each type 
of pavement marker to be measured for payment as units 
will be the number of each type determined by actual 
count complete in place. 

Temporary pavement striping tape shall be measured 
for payment on a linear foot of tape basis. Temporary 
pavement striping tape (pilot line) shall be measured for 
payment on a station basis and each one hundred (100) 
feet shall constitute the unit of one station. Measurement 
shall be made on the initial application at the locations 
approved by the Engineer. 

* 633.05.01 Payment. The accepted quantity of pave- 
ment markers measured as provided in subsection 633.- 
04.01, “Measurement,” will be paid for at the contract 
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unit prices bid per each for ‘“Non-Reflective Pavement 
Markers” and “Reflective Pavement Markers,” which 

shall be full compensation for furnishing all labor, mate- 
rials, tools, equipment, and incidentals, and for doing all 
the work involved in furnishing and placing pavement 
markers, complete in place, including adhesives, as shown 
on the plans, as specified herein and as directed by the 
Engineer. 

The contract unit price bid per linear foot of tape for 
“Temporary Pavement Striping Tape” and the contract 
unit price bid per station for “Temporary Pavement Strip- 
ing Tape (pilot line)” shall be considered full compensation 
for furnishing the tape as well as all labor, materials, tools, 
equipment, and incidentals necessary to locate, install and 
maintain the temporary pavement striping tape. Replace- 
ment of tape, as set forth above, shall not be measured or 
paid for directly but shall be considered included in the 
contract unit price bid per linear foot for “Temporary 
Pavement Striping Tape” and the contract unit price bid 
per station for “Temporary Pavement Striping Tape (pilot 
linghe *a--f{t:"% 

Payment will be made under: 

Non-Reflective Pavement Markers..2..-- 22-2 ---- 22-2. ..0-22sceet-ooce-e- Each 
Reflective Pavement Markersii.ccis.. en IE Each 
Temporary Pavement Striping Tape.......................--...---- Linear Foot 
Temporary Pavement Striping Tape (pilot line 
Bet BS YS heb dak anes AE) ce SIN LF cree Station 
*As shown on proposal. 
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SECTION 634 

ASBESTOS-—CEMENT PIPE 

DESCRIPTION 

634.01.01 General. This work shall consist of fur- 
nishing and installing asbestos-cement pipe for culverts, 
sewers, storm drains, and conduits as shown on the plans 
or directed by the Engineer in accordance with the provi- 
sions specified in these specifications and the special pro- 
visions. 

Asbestos-cement pipe shall be of the class shown on the 
plans, as specified in these specifications, and as designated 
in the contract item. 

MATERIALS 

634.02.01 General. Asbestos-cement pipe culvert shall 
conform to the specifications of ASTM Designation: C428, 
Type II, and these specifications. 

The classes of pipe specified in Section 2a and the mini- 
mum crushing strength prescribed in Table II of Section 7 
in said C428 are superseded by the following: 

(a) Asbestos-cement pipe shall be designated as Class II 
or Class III based on the crushing strength per foot of pipe 
as listed in the following table: 

Crushing Strength Per 
Pipe Class Foot, in Pounds 

TiS! ie JU We Ben he? 8 YU IOUS 1500D 

Jal Jo. eoldhe Nos! yoioriscein ort vel Pere 2000D 
(Where D is the diameter of pipe, in feet) 

(b) Crushing strength tests shall be performed in accord- 
ance with the requirements of AASHTO Designation: T33. 

The tests for soundness and flexural strength specified in 
Sections 5 and 6 of ASTM Designation: C428, will not be 
required. 

Each pipe length shall be provided with a sleeve cou- 
pling designed to maintain alignment and insure tight flexi- 
ble joints. At the option of the Contractor the material for 
the couplings shall be either of the same composition as 
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the pipe or of a plastic material not susceptible to attack 
by normal atmospheric or soil conditions. Couplings shall 
be sampled for compliance testing at the same rate of fre- 
quency as required for the pipe. 

Couplings of the same composition as the pipe shall 
meet the same crushing strength requirements as required 
for the pipe. These couplings shall contain rubber gaskets 
or sealing rings. These rubber rings shall conform to the 
requirements of ASTM Designation: D1869. 

__ If plastic couplings are used, the crushing strength test 
shall be performed on an end one (1) foot length of pipe, 
tapered to receive the coupling. This end one (1) foot sec- 
tion shall meet the minimum crushing strength requirement 
for the class of pipe specified. The crushing strength test 
shall be performed in accordance with the requirements of 
AASHTO Designation: .T33 except that plaster of paris 
bedding fillets may be used. 

The material for. the plastic coupling shall be. a poly- 
ethylene material complying with the requirements of 
ASTM Designation: D1248, Type I, Class C, Grade 5, 

except that samples taken from the finished coupling shall 
have a minimum tensile strength of one thousand five hun- 
dred (1,500) p.s.i. and a minimum elongation of four hun- 
dred (400) percent. The Contractor shall furnish to the 
Engineer a certification by the manufacturer that the mate- 
rial in the plastic couplings to be furnished conforms to the 
requirements of the aforesaid specification. The certifica- 
tion shall be supported by a certified copy of the results of 
tests, performed by the manufacturer upon samples of the 
material to be used in the couplings. The finished plastic 
couplings shall conform to the following table of minimum 
dimensions: 

Inside Pipe Diameter Thickness Length 

12” through 1672.20 2 0 0.15” 634” 
VSe thvOU gly ae ns i csectectesnrececnce ees 0.18” 812” 
24"throueh 2722 .h. a1 WOT 5c 1 110:21 tite 10144” 

30” through=36'$2:. fis.dsscneaile.z 0.25” 12%” 

(Length is measured jalons the longitudinal axis) 
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‘CONSTRUCTION 

634.03.01 General. Construction methods shall con- 
form to the applicable requirements of Section 601, “Pipe 
Culverts—General,” and in addition thereto shall meet the 

following requirements. 

634.03.02 Structures. Where shown on the plans, 
inlet and outlet structures shall be constructed or installed 
in connection with asbestos-cement pipes. Where such 
structures are constructed or installed the ends of pipes 
shall be placed flush or cut off flush with the structure face, 
unless otherwise directed by the Engineer. 

634.03.03 Laying Culvert Pipe. Asbestos-cement 
pipe used for drainage purposes and dry conduits shall be 
laid and jointed in accordance with generally accepted 
practice and the following provisions in order to obtain 
results for the purpose intended. 

Necessary facilities shall be provided for lowering and 
properly placing the sections of pipe in the trench. 

The pipe shall be laid to the lines and grades with. the 
sections closely jointed. All pipe shall be laid upgrade, 
unless otherwise permitted by the Engineer. 

Every precaution shall be taken to prevent flooding the 
pipe trench before backfilling operations. Free water shall 
not be allowed to come in contact with the pipe line until 
Portland cement sealing materials have set at least twenty- 
four (24) hours. 

METHOD OF MEASUREMENT 

634.04.01 Measurement. Method of measurement 
shall conform to the requirements of subsection 601.04.01, 
“Measurement.” 

Asbestos-cement pipe will be measured by the linear 
foot of pipe for the different sizes and classes listed in the 
contract items. 

All measurement will be made in accordance with sub- 

section 109.01, “Measurement of Quantities.” 
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634 ASBESTOS-CEMENT PIPE 

BASIS OF PAYMENT 

634.05.01 Payment. Payment shall conform to the 
requirements of subsection 601.05.01, “Payment,” and in 

addition thereto, the following requirements shall apply: 
The accepted quantities of asbestos-cement pipe meas- 

ured as specified in subsection 634.04.01, “Measurement,” 

will be paid for at the contract unit price bid per linear 
foot for asbestos-cement pipe of the size and class speci- 
fied. These payments shall be full compensation for furnish- 
ing all labor, materials, tools, equipment and incidentals, 
and for doing all the work involved in installing different 
sizes and classes of pipe, as shown on the plans, as speci- 
fied in these specifications and as directed by the Engineer. 

Structure excavation and structure backfill will be paid 
for as set forth in Sections 206 and 207. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

(Size) Asbestos-Cement Pressure Pipe (Class).................. Linear Foot 
(Size) Asbestos-Cement Pipe Conduit (Class).................. Linear Foot 
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SECTION 637 

POLLUTION CONTROL 

DESCRIPTION 

637.01.01 General. This work shall consist of tem- 
porary pollution control measures which may be shown on 
the plans, specified in the special provisions, or ordered by 
the Engineer during the life of the contract. Said work is 
intended to provide prevention, control, and abatement of 
water and air pollution within the limits of the project and 
to minimize damage to the work and to adjacent property 
and streams or other bodies of water. 

The Contractor shall, seven (7) days prior to the precon- 
struction conference, submit for acceptance his proposed 
plans and schedules, in duplicate, for accomplishing the 
prevention of erosion and pollution that may occur due to 
his operations. No work shall be started until these sched- 
ules and methods of operations have been accepted by the 
Engineer. 

This work shall include furnishing and applying a dust 
palliative to all completed excavation and embankment 
grading planes and other disturbed areas within the right 
of way except those areas which are to be paved under the 
terms of this contract and as directed by the Engineer. The 
dust palliative item does not include dust control measures 
required due to construction operations or carrying public 
traffic through construction or on detours. 

MATERIALS 

637.02.01 General. The binder for dust palliative 
shall be a resin emulsion that is miscible in water in the 
proportions hereinafter provided, is noncorrosive and is 
effective as a dust palliative. 

Resin emulsion shall be composed of from fifty-seven 
(57) percent to sixty-three (63) percent of semi-liquid 
petroleum resin and the remainder water to which a suit- 
able emulsifying agent has been added. The binder shall be 
mixed with additional water at the jobsite and at the 
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637 POLLUTION CONTROL 

approximate rate of four (4) parts of water to one (1) part 
of binder. The exact rate of mixture to be determined by 
the Engineer. The resin emulsion shall be readily miscible 
with water and when diluted with any hard water in pro- 
portions of one (1) part emulsion to ten (10) parts water 
shall show no signs of breakdown or separation of the 
petroleum resin base. Resin emulsion which has been 
stored in closed containers at temperatures above freezing 
for a period up to three (3) months shall show no signs of 
separation. Any resin emulsion which has been stored for 
more than three (3) months shall not be used until tested 
and approved. 

CONSTRUCTION 

637.03.01 General. The temporary pollution control 
measures shall be as directed from time to time by the 
Engineer for the duration of the contract. The Engineer 
may revise and bring up to date any temporary control 
measures or instigate any new temporary pollution control 
measures found necessary as the work progresses. 

_ The temporary control measures to prevent pollution of 
streams or other bodies of water or of the air and to mini- 
mize damage to the work and to adjacent property and 
streams or other bodies of water, as directed by the Engi- 
neer and paid for on a force account basis, are in addition 
to any other measures provided for within the contract that 
are to be paid for as separate bid items. 

It is expected that compliance with these requirements 
will necessitate performance of certain items of work at a 
different time or in a different manner than has been con- 
sidered normal construction practice in the past and that 
such revisions in scheduling of work will interfere with 
said normal construction practices. 

Unless otherwise approved by the Engineer, the total 
area of erosible earth material exposed by the Contractor’s 
‘operations shall not exceed seven hundred fifty thousand 
(750,000) square feet before either temporary pollution 
control or temporary or Dea erosion control meas- 

“ures are accomplished. 
- Where erosion ‘damage is: <piowably due to 5 he: nature Jot 
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POLLUTION CONTROL 637 

the material or to the season of the year, the Contractor’s 
operations shall be so scheduled that pollution control fea- 
tures will be installed concurrently with or immediately fol- 
lowing grading operations. 

Compliance with the requirements of this section shall in 
no way relieve the Contractor from his responsibility to 
comply with the other provisions of the contract except that 
he will not be required to replace, at his expense, any of 
the temporary pollution control work that is damaged by 
action of the elements. 

All erosion control work required elsewhere in the speci- 
fications or on the plans will be paid for under the provi- 
sions for the applicable contract items of work therefor. 

The Contractor shall coordinate this temporary pollution 
control work, as required by the Engineer, with such ero- 
sion control work as may be specified elsewhere in the con- 
tract to the extent practicable to assure that effective and 
continuous pollution control is maintained during the con- 
struction of the project. 

The Contractor shall, insofar as practicable, conduct his 
operations in such a manner as to minimize the effects of 
erosion and air pollution due to his operations upon areas 
within the limits of the project, haul roads, material sites, 
disposal sites and upon adjacent properties, streams and 
other bodies of water. 
~~ Mixing of the dust palliative material shall be accom- 
plished by simultaneously lacing the binder and water in 
the spreading equipment or by other mixing methods that 
will produce equivalent results. The resulting mixture shall 
be applied with pressure type water distributor trucks 
equipped with a spray system, or pressure type asphalt dis- 
tributors conforming to the requirements of subsection 
404.03.02. The mixture shall be applied at a total rate of 
approximately one-half (12) gallon per square yard in two 
applications. The exact rate of application to be determined 
by the Engineer. 

METHOD OF MEASUREMENT 

637.04.01 Measurement. The required quantity of 
temporary pollution control work, except as set forth 
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637 POLLUTION CONTROL 

below, shall be measured for payment on a force account 
basis in accordance with subsection 109.03. 

The required quantity of dust palliative will be measured 
by the ton prior to addition of water at the jobsite. In the 
event that volumetric measurement is permitted by the 
Engineer, the dust palliative shall be measured as set forth 
in subsection 109.01 for asphaltic emulsion. 

The cost of furnishing materials and equipment and con- 
ditioning crushing, mixing and processing plants and other 
equipment to comply with the requirements of NRS Chap- 
ter 445, especially the “Air Quality Regulations,” adopted 
by the State Commission of Environmental Protection, Jan- 

uary 18, 1972, including watering for dust control, shall be 
considered as included in the contract price bid for other 
items of work and no further compensation will be allowed 
therefor. 

BASIS OF PAYMENT 

637.05.01 Payment. Payment for “Temporary Pollu- 
tion Control,” measured as provided above, will be paid 
for by force account. 

Dust palliative, measured as provided above, shall be 
paid for at the contract unit price bid per ton for “Dust 
Palliative” which price shall be full compensation for fur- 
nishing the material, adding and mixing additional water 
at the jobsite, applying the mixture, and for furnishing all 
labor, materials, tools, supplies, equipment, and incidentals 
necessary to complete the work, complete and in place as 
indicated on the plans and as directed by the Engineer. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Temporary Pollution Control......0.................eeeeeeeeeeeees Force Account 
DustiPalliatives cle SUITED SER Eee Ton 
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SECTION 646 

WATERPROOFING AND DAMPPROOFING 

DESCRIPTION 

646.01.01 General. This work shall consist of fur- 
nishing and applying membrane waterproofing or damp- 
proofing to the surface of the concrete as shown on the 
plans and as specified in these specifications. Membrane 
waterproofing consists of a coating of primer and a firmly 
bonded membrane composed of two (2) layers of saturated 
glass fabric and three (3) moppings of waterproofing 
asphalt. Dampproofing consists of a coating of primer and 
two (2) moppings of waterproofing asphalt. 

MATERIALS 

646.02.01 General. Waterproofing asphalt shall con- 
form to the specifications of ASTM Designation: D499, 
Type A for below ground and Type B for above ground, 
except that the ductility for Type B shall be five (5) 
minimum. The provisions in said D449 relating to felt, 
asbestos felt, and cotton fabrics shall not apply. 

Primer for use with asphalt in waterproofing below and 
above ground level shall conform to the specifications of 
ASTM Designation: D41. 

Fabric shall conform to the specifications of ASTM 
Designation: D1668 for bituminous glass fabric treated 
with asphalt. 

CONSTRUCTION 

646.03.01 General. All concrete surfaces which are 
to be waterproofed shall be reasonably smooth and free 
from holes and projections which might puncture the 
membrane. The surface to be waterproofed or damp- 
proofed shall be dry and shall be thoroughly cleaned of 
dust and loose materials. 

No primer or asphalt shall be applied in wet weather, 
nor when the temperature is below sixty-five (65) degrees 
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646 WATERPROOFING AND DAMPPROOFING 

Fahrenheit, without authorization in writing from the 
Engineer. DAO 3ife 

The primer shall be applied to the surface and allowed 
to dry before the first coat of asphalt is applied. 

The waterproofing asphalt shall be applied at a tempera- 
ture of not less than three hundred (300) degrees Fahren- 
heit, nor more than three hundred fifty (350) degrees 

Fahrenheit. 

646.03.02 Membrane Waterproofing. Membrane 
waterproofing shall not be applied to any surface until the 
Contractor is prepared to follow its application with the 
placing of the backfill within a sufficiently short time that 
the waterproofing will not be damaged as a result of 
exposure to weathering. Any waterproofing membrane 
which loses its bond with the concrete shall be removed 
and replaced with new membrane waterproofing by the 
Contractor at his expense. 

Beginning at the low point of the surface to be water- 
proofed, the waterproofing asphalt shall be thoroughly 
mopped onto the surface. A strip of fabric of half the width 
of the roll shall be rolled onto the hot asphalt immediately 
and carefully pressed into place so as to eliminate all air 
bubbles and obtain close conformity with the surface. 
This strip and an adjacent section of the surface of a width 
equal to slightly more than one-half (#2) the width of the 
fabric being used, shall then be mopped with hot asphalt 
and a full width of the fabric shall be rolled into this, 
completely covering the first strip, and shall be pressed 
into place as before. This second strip and an adjacent 
section of the concrete surface shall then be mopped with 
hot asphalt and the third strip of fabric shingled on so as 
to lap the first strip by not less than two (2) inches. This 
process shall be continued until the entire surface is cov- 
ered, each strip of fabric lapping at least two (2) inches 
over the last strip but one. The entire surface shall then 
be mopped with hot asphalt. Special care shall be taken 
at all laps to see that they are thoroughly sealed down. 

The work shall be so regulated that at the close of the 

786 



WATERPROOFING AND DAMPPROOFING 646 

day’s work the final mopping of asphalt shall have been 
applied to all the fabric in place. 

646.03.03 Dampproofing. The waterproofing asphalt 
shall be thoroughly mopped onto the surface to be damp- 
proofed. When the first mopping of asphalt has set suffi- 
ciently, the entire surface shall then be mopped with the 
second coating of hot asphalt. Special care shall be taken 
to see that there are no skips in the coatings and that all 
surfaces are thoroughly covered. 

METHOD OF MEASUREMENT 

646.04.01 Measurement. The quantities of mem- 
brane waterproofing or dampproofing placed as shown on 
the plans or directed by the Engineer will be determined 
by the square yard from measurement of the area covered 
by the membrane waterproofing or dampproofing. 

BASIS OF PAYMENT 

646.05.01 Payment. The quantity of membrane water- 
proofing or dampproofing, measured as provided above, 
shall be paid for at the contract unit price bid per square 
yard for “Membrane Waterproofing” or “Dampproofing,” 
which payment shall be full compensation for furnishing 
all labor, materials, tools, equipment, and incidentals, and 
for doing all the work involved in applying the water- 
proofing membrane or dampproofing, complete in place, 
as shown on the plans and as specified. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Membrane) Waterproofing....234..fscpinl.- Sie ste thie Square Yard 
IRE Terlopat ees, hit -co US SemOnegte ae Fees arene Sou anenl net anienernay Square Yard 
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SECTION 660 

PNEUMATICALLY PLACED CONCRETE 
MORTAR 

DESCRIPTION 

660.01.01 General. This work shall consist of lining 
ditches and channels, slope paving and constructing 
warped sections and other similar features with mortar 
pneumatically placed in accordance with these specifica- 
tions and the special provisions. 

Pneumatically placed mortar shall consist of either dry 
mixed fine aggregate and Portland cement applied by a 
suitable mechanism, to which mixture the water is added 
immediately previous to its expulsion from the nozzle, or 
mortar premixed by mechanical methods and pneumati- 
cally applied through a nozzle onto the prepared founda- 
tion. 

MATERIAL 

660.02.01 General. The materials used shall be 
those prescribed for the several items which constitute the 
finished work and shall conform with all the requirements 
for such materials as set forth in this specification and in 
Division ITI, “Material Details.” 

Cement shall be Type II “low-alkali” cement. Sand shall 
conform to the requirements of subsection 706.03.03, 
“Fine Aggregate.” 

The dry mixture shall consist of one (1) part Portland 
cement to four (4) parts sand, thoroughly mixed in a dry 
state. Measurement may be either by volume or weight. 
Before placing the proportioned materials in the hopper 
of the application gun, all lumps three-eighths (%) inch 
or over shall be removed by screening. 

The premixed mortar shall contain not less than six 
hundred ten (610) pounds of Portland cement per cubic 
yard, fine aggregate and water. A maximum of thirty (30) 
percent pea gravel may be substituted for fine aggregate. 
The maximum size of pea gravel shall be such that one 
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660 PNEUMATICALLY PLACED CONCRETE MORTAR 

hundred (100) percent passes the one-half (%2) inch 
screen and at least ninety (90) percent passes the three- 
eighths (¥%) inch screen. 

Mesh reinforcing for ditch lining and slope paving rein- 
forcement shall be of the sizes shown on the plans, fabri- 
cated of cold drawn steel wire and need not be galvanized. 
Mesh reinforcing shall conform to the requirements of 
Section 505 of the Standard Specifications. 

Header boards consisting of two inch by four inch 
(2" x 4”) redwood lumber furnished and placed in the 
concrete slope paving shall be as shown on the plans. 
Lumber used in the construction of header boards shall be 
commercial grade heart redwood, S4S. 

Nails used in construction of header boards shall be 
commercial quality galvanized nails. 

All concrete mortar for slope paving shall have an 
integral color pigment added. The color pigment shall 
consist of a synthetic mineral oxide specifically manu- 
factured for coloring concrete. The integral concrete color- 
ing shall be obtained by mixing the pigment material with 
the Portland cement, aggregates and water in a sequence 
and by methods that will result in a uniform mixture. 

The color of the finished slope paving surfaces shall 
conform to Federal Standard Color No. 30324 as shown 
in Table II of Federal Standard No. 595 or to such other 
color specified in the special provisions or shown on the 
plans. The color shall conform to the referee color except 
that minor deviations in color and tint, representative of 
the method of mixing and applying the slope paving, will 
be acceptable. 

The Engineer shall be the sole judge of compliance of 
the test panel construction with the texture and color 
requirements of these specifications and for conformance 
to the required color. 

CONSTRUCTION 

660.03.01 Preparation of Foundation. The subgrade 
for paved ditches and slope paving shall be formed by 
excavating to the required depth below the prepared finish 
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PNEUMATICALLY PLACED CONCRETE MORTAR 660 

surface grade in accordance with dimensions and design 
indicated on the plans or as directed by the Engineer. 

The subgrade shall be thoroughly compacted. Any soft, 
spongy or other unsuitable material shall be removed to 
such depth as directed and backfilled with suitable material 
and thoroughly compacted. Water shall be sprinkled on the 
subgrade during compaction and the subgrade shall be 
sufficiently moist prior to placing concrete mortar to pre- 
vent absorption. 

660.03.02 Placing. Prior to placing slope paving for 
use in the work, the Contractor shall construct sufficient 

test panels to assure the Engineer that the proper color 
has been obtained and the final panel shall be at least 
four feet by six feet (4’ x 6’) in size. The panels shall be 
constructed at the construction site and shall be placed by 
a method to be used in placing slope pavement. 

The Engineer shall be the sole judge of compliance of 
the test panel construction with the requirement of these 
specifications. 

Header boards shall be installed to conform to the 
grades of the slope paving, to the dimensions, spaces, and 
layout shown on the plans. 

Header boards shall be held in position with stakes of 
suitable size and length as shown on the plans. 
A constant pressure of not less than forty-five (45) 

pounds per square inch shall be maintained in the placing 
machine where the hose length is one hundred (100) feet 
or less and the pressure shall be increased at least five (5) 
pounds for each additional fifty (50) feet of hose or frac- 
ion thereof. 
Water used for hydration at the nozzle shall be main- 

tained at a uniform pressure, which shall not be less than 
fifteen (15) pounds per square inch greater than the air 
pressure at the machine. 

The nozzle shall be held at such distance and in such 
position that the flowing stream of material will impinge, as 
nearly as possible, at right angles to the surface being 
covered. Any deposits of loose sand shall be cut out. 
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660 PNEUMATICALLY PLACED CONCRETE MORTAR 

The Contractor shall do this work only with experienced 
personnel. 

Materials that have been mixed for more than forty-five 
(45) minutes and have not been incorporated in the work 
shall not be used, unless otherwise permitted by the Engi- 
neer. 

Mortar shall not be placed against frosted or frozen sur- 
face. If mortar is placed during cold weather it shall be 
heated and protected during placing and curing as set forth 
in Section 501, except mortar shall be maintained at a 
temperature of not less than fifty (50) degrees Fahrenheit 
for seventy-two (72) hours after placing and at not less 
than forty (40) degrees Fahrenheit for an additional four 
(4) days. 

The ditch lining and slope paving shall be constructed 
without expansion joints. Suitable forms shall be used 
where necessary to insure a full dimension as shown on the 
plans at the perimeter of the lining. 

The mesh reinforcing shall be placed so as to be in the 
approximate center of the pneumatically placed concrete 
mortar. All joints shall be lapped six (6) inches and run 
continuously throughout paving or between headers. 

After the work is completed the Contractor shall remove 
all debris from the work. 

660.03.03 Finishing. After the mortar has been 
placed as nearly as practicable to the required depth, the 
surface shall be checked with a straightedge, and any low 
spots or depressions shall be brought up to proper grade 
by placing additional mortar in such a manner that the fin- 
ished surface will be reasonably smooth and uniform for 
the type of work involved. 

Loose areas of air-blown mortar shall be removed and 
replaced by the Contractor at his expense. 

The surface finish of the exposed slope paving shall be 
the equivalent of a wood float finish. 

Immediately after completion, the surface shall be cov- 
ered with wet burlap or wet cotton mats and these kept wet 
for at least seventy-two (72) hours. When approved by the 
Engineer, mortar may be cured by the use of waterproof 
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PNEUMATICALLY PLACED CONCRETE MORTAR 660 

paper or by means of a liquid membrane, all conforming 
to the requirements as set forth in Section 702 of the 
Standard Specifications and these specifications. 

METHOD OF MEASUREMENT 

660.04.01 Measurement. Pneumatically placed con- 
crete mortar will be measured in square yards of the actual 
surface covered to the depth shown on the plans. 

BASIS OF PAYMENT 

660.05.01 Payment. The quantity, measured as pro- 
vided above, will be paid for at the contract unit price bid 
per square yard for “Pneumatically Placed Concrete Mor- 
tar (....-inch depth),” which payment shall be full compen- 
sation for excavation, backfill, furnishing, and installing 
redwood headers, color pigment, and mortar, and all labor, 
tools, equipment, and incidentals, and for doing all the 
work involved in placing the pneumatically placed mortar 
(including subgrade preparation forms and curing), com- 
plete in place, as shown on the plans, and as specified 
herein, and as directed by the Engineer. 

Mesh reinforcement shall be measured and paid for as 
specified in Section 505 of the Standard Specifications. 

Note: If the Contractor elects to place the slope pav- 
ing by other methods approved by the Engineer, the 
method of measurement and basis of payment will not be 
changed. 

All payments will be made in accordance with subsec- 
tion 109.02, “Scope of Payment.” 

Payment will be made under: 

Pay Item Pay Unit 

Pneumatically Placed Concrete Mortar (....-inch depth)..Square Yard 
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DIVISION Ill 

MATERIALS DETAILS 

SECTION 701 

PORTLAND CEMENT 

SCOPE 

701.01.01 Materials Covered. This specification cov- 
ers the five (5) types of Portland cement as required under 
pertinent sections of these specifications. Unless otherwise 
provided, Type I, “low alkali cement,” shall be used for 
all Portland cement concrete, mortar, cement-treated base, 
and cement-treated subgrade. 

PHYSICAL PROPERTIES AND TESTS 

701.03.01 Requirements. The cements, except Type 
II cement, shall meet the requirements set out in the 
current Standard Specifications for Portland Cement, 
AASHTO Designation M85. 

Type II cement shall conform to the specifications of 
ASTM Designation C150 with the following exceptions: 

(a) The cement shall not contain more than 0.60 per- 
cent by weight of alkalies calculated as Na,O plus 0.658 
K,O when determined by flame photometry, using the 
direct intensity method in the specifications of ASTM 
Designation C114. 

(b) The percentage of tricalcium silicate shall not be lim- 
ited. 
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SECTION 702 

CONCRETE CURING MATERIALS 
AND ADMIXTURES 

SCOPE 

702.01.01 Materials Covered. This specification cov- 
ers concrete curing materials, subgrade paper, air-entrain- 
ing admixtures, water retardants, calcium chloride, and 

hydrated lime. Attention is directed to Section 722, 
“Water,” for mixing and curing. 

PHYSICAL PROPERTIES AND TESTS 

702.03.01 Curing Materials. Curing materials shall 
conform to the requirements of the following tests: 

Cotton Mats for Curing Concrete...........................- AASHTO M73 
Burlap Cloth made from Jute or Kenaf.................. AASHTO M182 
Waterproof Paper for Curing Concrete.................. AASHTO M139 
Liquid Membrane-Forming Compounds for 

Curing Concrete ..2200)..0) BON yn ttb-akt ASTM C309* 
PrastiG Sheeting (4. RAAIstA Son ert Rates 2 ie ASTM C171* 
Pigmented Curing Compound for Portland 
CEMCNTSEAVEMEN Es. .20-. oh. -1 tA et ot ea ee ASTM C309** 

White Polyethylene Sheeting (film) 
Pa Aaa, CONCECLE., esc aR ea ASTM Ci71 

*Except: (a) The curing compound shall not react harmfully with the com- 
ponents of concrete or contain oils, waxes, or other materials which would 
prevent bonding of traffic marking paints. In order to obtain proper bond 

between the concrete and joint fillers, the Contractor will be required to carry 
on his operations in a manner which will insure that joint recesses are free of 
the compound at the time the joint material is placed. The film of curing com- 
pound shall be continuous, uniform, and free from pinholes, bubbles, or blis- 
ters. 

(b) The curing compound shall be clear or translucent and contain a fugi- 

tive dye to assist in securing uniform coverage. The color shall remain visible 
for at least one (1) hour after application. The color of the fugitive dye shall 
disappear within seven (7) days after application. 

(c) The curing compound shall be of such viscosity that it may be readily 

applied by approved pressure spraying equipment at temperatures above forty 
(40) degrees Fahrenheit. 

(d) When applied by pressure spray to the troweled surface of a vertical, 
damp concrete specimen, one (1) foot square, at the rate of two hundred 
(200) square feet per gallon, the curing compound shall adhere to the surface 
in a continuous, tenacious film without running off or appreciable sagging. In 
spraying the specimen the nozzle of the spray shall be held between four (4) 
and six (6) inches from the surface of the specimen. 
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702 CONCRETE CURING MATERIALS, ADMIXTURES 

(e) The membrane shall not peel; it shall disappear from the surface by 
gradual disintegration from exposure to the elements over a period of not less 

than thirty (30) days nor more than one (1) year, leaving the concrete hard 
and without discoloration. 

(f) Curing material shall be supplied only in clean containers that are in 
good condition. It shall be delivered to the job in the manufacturer’s original 
container, which shall be clearly marked with the manufacturer’s name, trade 
name of the material, and batch number or symbol by which samples sub- 
mitted for testing purposes may be identified. 

(g) All curing compounds not previously approved shall be tested by a 
reputable testing laboratory, recognized by the State, who shall certify that the 
curing compound meets these specifications and requirements. The Contractor 
shall furnish the Department with this certification prior to using the curing 

compound. 
**FExcept the loss of water in the water retention test shall not exceed 0.040 

gram per square centimeter of surface. 

702.03.02 Subgrade Paper. Subgrade paper shall 
conform to the requirements of AASHTO M74. 

702.03.03 Air-Entraining Admixtures. Air-entraining 
admixtures shall conform to the requirements of ASTM 
C260. 

702.03.04 Admixtures Other Than Air-Entraining. 
These admixtures shall meet the requirements of ASTM 
Designation C494 and shall be clearly marked as to Type 
A, B, C, D, or E. In addition to these requirements, the 

admixtures may be tested by Test Method No. Nev. T467. 
The concrete so tested and containing admixtures shall not 
exceed a change in length as specified in subsection 501.- 
02.03. 

702.03.05 Hydrated Lime. Hydrated lime shall con- 
form to the requirements of ASTM C207, Type N. 

702.03.06 White Pigmented Curing Compound. 
White pigmented curing compound shall conform to the 
following provisions: 

Composition: 

Pigment Ingredients Lbs./100 Gals. 

Titanium Dioxide, TT—P—442, Types III or IV................ 60.8 
WO i 5 ee Po ites es a ee De 88.5 
MiGatd--csst-2setes:-4c3--t0---scnge- tao: £5} ens--pemieees ae 30.8 

Vehicle Ingredients 

Petroleum Hydrocarbon Resin®....2.........2.2 22.2. 322.0 
Mineral Spirits TT—T-—291E, Type II, Grade A.............0.000...... 343.3 
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CONCRETE CURING MATERIALS, ADMIXTURES 702 

Characteristics of Finished Material: 

PIOMeT TL OV. Welbli. DOICOl..-.--28......4 8a. B ee 20.5 Min. 
Weight per gallon in pounds at 77° F.......0000002.2.220000..02.... 8.3 Min. 
Volatiles, by weight, percent.......................0. S200. 29 41.6 Max. 

RVESCOSILyratia/ Cor ph ee Tie A ae 64 Max. 
Fineness; of orind,sHeeman=:..i2.-36 fg aan ess 5 Min. 

Daylight Reflectance, percent (ASTM: C309).......00......... 60 = Min. 
Drying Time*: 

SOlerOnrOlici NOUrstatsy ye ee 2 Max. 

PV ALTOUCT TOUS AC) ig ne te eS sie le oe 4 Max. 
Water Retention, grams net loss at 24 hours®.................. 6 Max. 

SAUL USOT TLOTI IE SPELL Vc aes as ccf wisp ge soon oe 13.1 
Surface area, square centimeters per gram............002..2000..2--cseeceeeeeoeee 400.0 

Particle size distribution: Percent by Weight 
Micron Diameter : Below Indicated Size 

44 (325?mesii)s2 os LS inno s deni Jvoeonol joey 100.0 
ADS) pee ee eee) meee SSE POS OE ET ot 97.0 

SIUC) Po 0 eee ee la ee ee ee ee 84.0 
LU CPS APTN WR he eae ns we 9h eR NER neem ae 60.0 
fi He hai cesses raceme nena Saeed OI os oes Sire AE ke a A 42.4 

| VE, ene ee eS Pat ote ee Cee Tee Oe eee sree 35.0 

INDE Gi Bea Cee AD YE a 20a aa a I RS OS RT Be OEE 30.0 

GEES oot, walk 5 ie Sneed ee Na Ra Ane ee mec ee OR RS aR 24.0 

Sate es tee Ge Ee et ta phan ate ae mend nine atainetr ieee Lalli Iie sae” ape 18.0 

NE TR doen in dantnce nese ieat Bov.5. ee Re A QS 15.0 

Ue epee on et he ee ee epee te te F ry emt? (8 12.0 
ee OO a Bn Ee we ce ie Ie 8.5 
Ts i Binh ect a hl tae alts tie a aan ai penta a i nee ese OE RS. 4.0 

2Apparent density, fourteen (14) pounds per cubic foot maximum; sieve 
analysis, percent retained on Nos. 140 and 325 sieves, no exact requirement 
other than that the curing compound must comply with all requirements: 
moisture, 0.5 percent maximum; grit, 0.5 percent maximum; potassium oxide 
equivalent, 7 to 11 percent; X-ray diffraction curve shall agree with curves on 
file with the Department for muscovite mica. 

8Specific gravity 0.93-1.12; softening point (ASTM Designation: D36) 200 
to 230 degrees Fahrenheit; Color (Gardner) 13 max.; iodine number Wijs 180 
max.; acid number 0-2; saponification number 0-2. Type of resin selected 
must be such that viscosity of resin in mineral spirits will provide a curing 
compound meeting viscosity requirements. 

4Federal Test Method Standard No. 141, Method 4061, on glass plate, except 
use 0.003 in. wet film thickness. 

5Test Method No. Nev. T522 except that the compound shall be applied at 
a rate of one (1) gallon per two hundred fifty (250) square feet. 

The Contractor shall furnish the Engineer with a Cer- 
tificate of Compliance executed by the manufacturer of 
white pigmented curing compound. Such certificate shall 
attest that the curing compound, as produced in the usual 
course of the manufacturer’s trade, conforms to the 
requirements of these specifications. 
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702 CONCRETE CURING MATERIALS, ADMIXTURES 

702.03.07 White Pigmented Curing Compound— 
Chlorinated Rubber Base. White pigmented curing com- 
pound—chlorinated rubber base shall conform to the 
following provisions: 

Composition: 

Pigment Ingredients Lbs./100 Gals. 

Titanium Dioxide, TT—P-—442, Types III or IV.................. 100.0 

Vehicle Ingredients 

Chlorinated Paraffin, MIL—C—420, Type II, 
CEU BDECT CEI 5 12) aes ge ceca. ye tees in ne re eect ee ee ee 66.0 

Chlorinated Paraffin, MIL—C—420, Type I, 
PA ITTY are 0) OE Neha ar a) NTA ER Ae taro S ivan “Tae aE 66.0 

@hionnated Robbert.) ae Se Ane eS Se eee 165.4 
Ethylene Glycol Monoethyl Ether Acetate, MIL—E-—7125.. 265.0 
Mineral Spirits, TT—T-—291E, Type II, Grade A................ 265.0 
EDOXYERRESIN Bers eee eee ie ee ee eae 2.0 

Characteristics of Finished Material: 

PigineBl aye Welel, eDeGoN te ee ee 9.7 Min. 
Weighteper salionvin poundssatc/ 7 9 eccck.ccscc-cceeeeee 9.1 Min. 
Volatilessby-weight; percentiie. dase ees 58.1 Max. 
ineness, Ole erinds: Hegman =i: ee eee 5 Min. 
Wiscositynat //eu las kK: Uist ee We See Se 64 Max. 
Daylight Reflectance, percent (ASTM: C309).............. 60 Min. 
Drying Time’: 

SEL LOTLOUCD ROUT Stat ie) 0 bree eee ee ee eee ees 2 Max. 
Dry, through, snOUtSeatelds pit eucet, ccan Aes 28 4 Max. 

Water Retention, grams net loss at 24 hours*.............. 6 Max. 
Chiorinetperceniseer ees, 1 ee ee eats 65-68 
Viscosity, 20 percent in Toluene, Centipoises 

OteZ5;° eCreccee Lele tae ecinasion. ol ateat. An. gteagsio. te 9-14 
SpecificxGravity. 227 2>..... 60 2... Bie viene ae 1.555 to 1.565 
ATE Xs OLE CLL ACU Ollsstenct cryin ete ee, eee 1.550 to 1.560 

1A twenty-five (25) percent concentration in toluene shall show no haziness 
or turbidity, and when stored for one week at seventy-seven (77) degrees 
Fahrenheit, shall not corrode the tin plate in a covered tin-coated can. 

2Liquid, color 5 max. (Gardner), viscosity 100-160 poises at twenty-five 
(25) degrees Centigrade, epoxide equivalent 180-200. 

®Federal Test Method Standard No. 141, Method 4061, on glass plate, 
except use 0.003 in. wet film thickness. 

4Test Method No. Nev. T522, except that the compound shall be applied at 
a rate of one (1) gallon per three hundred (300) square feet. 
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CONCRETE CURING MATERIALS, ADMIXTURES 702 

The Contractor shall furnish the Engineer with a Certifi- 
cate of Compliance executed by the manufacturer of white 
pigmented curing compound—chlorinated rubber base. 
Such certificate shall attest that the curing compound, as 
produced in the usual course of the manufacturer’s trade, 
conforms to the requirements of these specifications. 
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SECTION 703 

BITUMINOUS MATERIALS 

SCOPE 

703.01.01 Materials Covered. This specification cov- 
ers the quality of asphalt cement, liquid asphalt, emulsified 
asphalt, cationic emulsion, and asphalt for waterproofing 
and dampproofing. 

REQUIREMENTS 

703.02.01 Contractor's Responsibility. Bituminous 
material failing the requirements (including tolerances) of 
the tests hereinafter prescribed shall be subject to the pro- 
visions of subsection 109.02, “Scope of Payment,” and 
attention is directed thereto. 

703.02.02 Shipping Notice. When shipment of mate- 
rials arrive on the project after normal working hours, 

the Contractor shall notify the Engineer sufficiently in 
advance to make arrangements for an inspector to be 
present when the material is sampled. 

Shipping notices shall be mailed upon making shipment 
and shall contain the following information: 

(a) Consignee and destination. 

(b) State contract number. 

(c) Delivery point. 

(d) Date shipped. 

(e) Car initial and number of truck transport delivery 
ticket number. 

(f) Type and grade of material. 

(g) Quantity loaded. 

(h) Loading temperature. 

(i) Net quantity. 

(j) Signature of shipper or authorized representative. 
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703 BITUMINOUS MATERIALS 

One copy of the shipping notice shall be mailed to the 
State Highway Engineer at Carson City, Nevada, and two 
copies to the resident engineer of the project to which 
shipment is made. 

PHYSICAL PROPERTIES AND TESTS 

703.03.01 Refinery Test Report. Refinery test reports 
shall be mailed to the resident engineer as soon as tests 
have been completed, and the reports shall contain the 
following data: 

(a) Date of shipment. 

(b) Car initials and number of truck transport delivery 

ticket number. 

(c) Destination and consignee. 

(d) State contract number (or State purchase order num- 
ber, if applicable). 

(e) Type and grade of material. 

(f) Certificate of grade (certify that material conforms to 
these specifications, and itemize results on tests performed 
and date of test). 

(g) Signature of refinery’s authorized representative. 

The Certificate of Compliance shall be used as a basis 
for permitting immediate use of the material on the job 
and shall represent conditional acceptance only. 

703.03.02 Asphalt Cements. Asphalt cement shall 
be prepared by the distillation of crude petroleum. This 
asphalt shall be homogeneous, free from water, and shall 
not foam when heated to three hundred forty-seven (347) 
degrees Fahrenheit. 

These specifications cover the following viscosity grades: 
AR-1000, AR-2000, AR-4000, AR-8000, and AR-— 
16000. 

The various viscosity grades set forth above shall con- 
form to the requirements and the methods of testing shall 
be as shown in Table I. 
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703 BITUMINOUS MATERIALS 

Asphalt cement not conforming to the requirements of 
Table I will be assessed demerits in accordance with the 
graduated increments of the following schedule. Attention 
is directed to subsection 109.02, “Scope of Payment,” 
where demerits will be evaluated for damages sustained by 
reason of any noncompliance. 

Demerits 
(each increment of 

Test Method Increment noncompliance) 

Nev. P7382 3 2 poises above max. or below min......... 1 
Nev. 1722......%: 2 centistokes below min....................-....-. 1 
Nev... T7 F722.:.:3. 0.2 millimeter below min......................... 1 
Nev... 0-7 fY.....-2. 2, percent ‘below min...-F....6../.).-$a...-2.. 1 
Nev. T720......... 5 centimeters below miin......................---- 2 
Nev. 1716 
Nev. T714......... 5 degrees below min....................:..0.....000. 1 
INGVee 7 0 see 0.01 percent below min....::..................... 1 
Nev: 1726:..2.3: POSTED VC eee ee one cs mt ccc ta ecb 21 

703.03.03 Liquid Asphalts. Liquid asphalts shall 
consist of materials conforming to the following classifica- 
tions. Rapid curing products, designated by the letters RC, 
shall consist of paving asphalt with a penetration of 
approximately 85 to 100 fluxed or blended with a naphtha 
solvent. Medium curing products, designated by the letters 
MC, shall consist of paving asphalt fluxed or blended with 
a kerosene solvent. Slow curing products, designated by the 
letters SC, shall consist of natural crude oils or residual 
oils from crude asphaltic petroleum. When tested in accord- 
ance with the standard methods of Nevada, the grades of 
liquid asphalt shall conform to the requirements specified 
in the tables set forth on pages 808-812. 
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BITUMINOUS MATERIALS 703 

Liquid asphalts not conforming to the requirements of 
_ Tables II, III, and IV will be assessed demerits in accord- 

_ ance with the graduated increments of the following sched- 
ule. Attention is directed to Subsection 109.02 “Scope of 
Payment,” where demerits will be evaluated for damages 
sustained by reason of any noncompliance. 

Nevada Demerits (each 
Test increment of 

Method Increment noncompliance) 

ry G6. a SY CESTeESTOSIOW IIT 2.2) ts eet. 1 
1/09. 2325.22 Ss Gesreesebelow Miti~......1.....-22.2....b6 2.4.45) 1 
gOS 27 eee RC—MC-SC-70 2 céntistokes*..1....#......... 1 

RC-MC-SC-250 10 centistokes*_.2:....2........- 1 

RC-—MC-SC-800 50 centistokes*.........2.......... 1 
RC-—MC-SC-—3000 100 centistokes*.................... 1 

OG fe ce 5 percent below min. or above max. per fraction...... 1 
it foe (Ets millimeter above; MAX. ....--¢5-1...2...co-5p- se nc ono 1 

Ozi millimeter below:min........2:.1.......24.u....5.......... 1 
1920.#3-2:.... Secentimeter below: Min.:h....--269-0....-.- 23 pe Peco cgapenceneoon 2 
4 EY CNC deel QE UES NGC Buc Stele see ane, Jee,  <elaivene 1 
JOP \ eto eee fel spercent above max... 22 jee ee 1 

* Above max. or below min. 

703.03.04 Enmulsified Asphalt. Emulsified asphalt 
shall conform to the requirements of Tables V and VI 
for the type and grade specified when tested in accordance 
with Nevada as is enumerated. 
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703 BITUMINOUS MATERIALS 

Emulsified asphalt not conforming to the requirements 
of Tables V and VI will be assessed demerits in accord- 
ance with the graduated increments of the following sched- 
ule. Attention is directed to Subsection 109.02, “Scope of 
Payment,” where demerits will be evaluated for damages 
sustained by reason of any noncompliance. 

Demerits 
(each increment 

Test Method Increment of noncompliance) 

Nev. T707 
(Furol Viscosity at 77° F., 
and: at:122"<Ee) t 2 seconds above max. 

or below min.=... 2%... 1 

Nev. T707 
(Settlement, 5 days, 
percent difference).....2....2...:. 1.0 percent above makx...... 1 

Nev. T707 
(Sieve test, percent max.)........ 0.10 percent above max..... 1 

Nev. T707 
(Cement mixing test)............... 0.5 percent above max...... 1 

Nev. T707 
(Particle charge test )......-2.:... Negative chargve..-- 24 

Nev. T717 
(Penetration, 77° F., 
LOO aS seCl ee eee 0.1 millimeter above max. 

or below min.%.2.-2...2%..... 1 

Nev. T710 
(Solubility) 0.01 below min.................. 1 

Nev. T720 
(Duchity 77 -abisc cm jena. 5 centimeters below min... 2 
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SECTION 704 

BASE AGGREGATES 

SCOPE 

704.01.01 Materials Covered. This specification cov- 
ers the quality and size of mineral materials used in base 
courses. 

REQUIREMENTS 

704.02.01 General. The mineral aggregate shall be 
the product of approved deposits. The Engineer reserves 
the right to prohibit the use of aggregates from any source 
when: 

(a) The character of the material is such, in the opinion 
of the Engineer, as to make improbable the furnishing of 
aggregates conforming to the requirements of these speci- 
fications. 

(b) The character of the material is such, in the opinion 
of the Engineer, that undue additional costs may be 
accrued by the State. 

The mineral aggregate shall be clean, hard, durable, free 
from frozen lumps, deleterious matter, and harmful adher- 
ent coatings. 

704.02.02 Deficiencies. If the product of a deposit 
is deficient in material passing the No. 16 sieve, filler from 
other approved deposits may be added at the crushing and 
screening plants. This is not to be construed as a waiver of 
any of the requirements contained herein. 

704.02.03 Plastic Limits. When specified, aggregates 
shall conform to the applicable requirements of the follow- 
ing table: 
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704 

TABLE I 

Percentage by Weight 
*Passing 200 Sieve 

0.1 to 3.0 
3.1 to 4.0 
4.1 to 5.0 

5.1 to 8.0 
8.1 to 11.0 

11.1 to 15.0 
*Test Method No. Nev. T206. 

BASE AGGREGATES 

Plasticity Index 
Maximum 

15 

PHYSICAL PROPERTIES AND TESTS 

704.03.01 Drain Backfill. This aggregate shall con- 
form to one of the following grading requirements: 

PERCENTAGE BY WEIGHT 

Sieve Sizes Type 1 

2 TachVS BiG ih Gite te 100 

LS INC eee ee ee 90-100 
VE Biel We, {SSE cae Sameer | 

ak havo) s RL Oe Cd 5 een 50-80 

LICL eee eee ee 

NG: nie a) SOT A 24—40 

INOMEGINES es kee ae ee 10-24 

NO. 3100: sue ee ae 0-4 

TNO LUO ce Boe ieee eke 0-2 

PASSING SIEVE 

Type 2 Type 3 

100 

90-100 

20-55 100 

0-10 60—90 
26-60 

0-4 0-4 

0-2 0-2 

Unless otherwise specified in the contract documents the 
Contractor may use either Type 1, 2, or 3. 

Source Requirement Test: 
Test Method Nev. T1232: 
Degradation 

Passing No. 20, Max................22....- 
Height, Inches, Max.«....2:.....1..-»- 

704.03.02 Type 1 Class A Aggregate Base. 

Type 3 

25% 25% 25% 
ph) De, 

This 

ageregate shall conform to the following requirements: 

Sieve Sizes 

820 
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BASE AGGREGATES 704 

Project Control Tests ; Test Method Requirements 

picve AnalysiSs..... at aeenie. ©. 58.2, Nev. T206 Above 
Sampling Aggregate.......................----..- Nev. #Ah200 nw Gey osetee 
PTACUITCH EP ACCS. oe ee ne tak Nev. T230 35 Percent Min. 
Plasticity Index 22 = ene & ..- 58... 5ue? Nev. T212 Table 1 
Tete BIT PLR dare eee OS Nev. T210 35 Max. 

Source Requirement Tests Test Method Requirements 

CsistaNte (haVaule)yt: 3° 4) eos Nev. T115 70 Min. 
Percentage of Wear (500 Rev.).......... Nev. T233 45 Percent Max. 

704.03.03 Type 1 Class B Aggregate Base. This 
ageregate shall conform to the following requirements: 

Percentage by Weight 
Sieve Sizes Passing Sieve 

EEN E's OR eS, ae ee ee ee 100 
1G SR BO ey eb) ec 2 80-100 

INO. Awrperstert toh weeverizure, ciety fe... 4k Sen La 30-65 
US feet RO ee eee Oe? a ees 15-40 
Se 0, Pe ee ee SP nee 2-12 

Project Control Tests Test Method Requirements 

ST ec ipiae Gs (215) he ete ne et a Nev. T206 Above 
Sampling Aggregate..................22-...------ Nev 2200445 *. 41a 
PGACtUEEY PACES. tes 2. AO Oe feces Nev. T230 15 Percent Min. 
WORAAGIOVRAIICGS ree oc tees oe Nev. T212 Table 1 
Piguid Limit. & <A: Rees. 4 oO Nev. T210 35 Max. 

Source Requirement Tests Test Method Requirements 

Resistance, (Ri alue) ss. _-.21. orange Nev. T115 70 Min. 
Percentage of Wear (500 Rev.)............. Nev. T233 45 Percent Max. 

704.03.04 Type 2 Class A Aggregate Base. This 
aggregate shall conform to the following requirements: 

Percentage by Weight 

Sieve Sizes Passing Sieve 

ie) sa la eee a BO ig ee Se 100 
BY ST SPT eS ie ie 0 nee wae eee 90-100 

“igh trad? a 4. 72 AE enmetaces melee eee Sai leate Calan il arene 35-65 
INNOHIGSIEM ES ICL DIAY US Pes kee 15-40 
Nos200208 theories 12...2.. Tl er eee 2-10 

Project Control Tests Test Method Requirements 

Sieve Analysis. . Sr ee ee Nev. T206 Above 
Sampling 'Agsregatene2 hie he 2 2u.... Nevis 200.466, Guess 
CrushedParticles. 202 T_.wevi......--..--— Nev. T230 50 Percent Min. 
Plasticity. Index... OOS) wot, Nev. T212 Table 1 

35 Max. Liquidi Minit :..:...2 SRS Fe Nev. T210 
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704 BASE AGGREGATES 

Source Requirement Tests © Test Method Requirements 

Resistance (R Value)...................--------++ Nev. T115 78 Min. 
Percentage of Wear (500 Rev.)............. Nev. T233 45 Percent Max. 

704.03.05 Type 2 Class B Aggregate Base. This 
ageregate shall conform to the following requirements: 

Percentage by Weight 
Sieve Sizes Passing Sieve 

CW i sO 5 Pagel heed Ndi." 7 caltaldince dat acc Riigeete inh. cae 100 

AS Tie) Re eR Pee ae eet 90-100 
1 tS. EeheaatercinmliReasinee - lakes. solealiattonn lOO sseresctee Mire ee “SPs 35-65 
Nosd6Mnie Pe) SAW Os Sie 2 se 15—40 
NQ69200 2. ts Wo ce tes ee ee a | ire 2-10 

Project Control Tests Test Method Requirements 

SieVO AMNAlySIS...: eee ete reiereets Nev. T206 InStandard 
Specifications 

Sampling Aggregate.............................. Neévet200 5°" ee 
Bractyred- Faces: 228 ere Nev. T230 35 Percent Min. 
Plasticity Andex: 2.202:2scsti ee Nev. T212 Table 1 
ps LES BET 1) Ry Ae ea eee Nev. T210 35 Max. 

Source Requirement Tests Test Method Requirements 

Resistance (R Value)rx-.s:atvi_..-..-.-...- Nev. T115 70 Min. 
Percentage of Wear (500 Rev.)............. Nev. T233 45 Percent Max. 

704.03.06 Type 3 Class A Aggregate. All require- 
ments will be specified in the special provisions. 

704.03.07 Type 3 Class B Aggregate. All require- 
ments will be specified in the special provisions. 

704.03.08 Aggregate for Portland Cement Treated 
Base. This aggregate shall conform to the following 
requirements: 

Percentage by Weight 
Sieve Sizes Passing Sieve 

Linch? 63......{ Tape... 2. fase.» Aoeeente 100 
TEAL 2 RA | Re EOD PRI ERP, AM oy) Boy eae ER WB oo Py 90-100 

TN OS Fc con ce Sp aa eee ee eee 35-75 
als Re (eee ey Pe ee Oe 15-45 
Se (elie?) ee eR Ta ee ee ee 2-15 

Test Test Method Requirements 

Steve Analysisiz...0£5 Ta... Nev. T206 Above 
Sampling Aggregate....................-......... Nev..T200.... xed 23: 
Sand Equivalent.4102 (vay oo -. Nev. T227 20 Min. 
Percentage of Wear (500 Rev.)............. Nev. T233 45 Percent Max. 
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SECTION 705 

AGGREGATES FOR BITUMINOUS COURSES 

SCOPE 

705.01.01 Materials Covered. This specification cov- 
ers the quality and size of local mineral materials and com- 
mercial mineral fillers used in bituminous base and 
surface courses. 

REQUIREMENTS 

705.02.01 General. The mineral aggregate shall be 
the product of approved deposits. The Engineer reserves 
the right to prohibit the use of aggregates from any source 
when: 

(a) The character of the material is such, in the opinion 
of the Engineer, as to make improbable the furnishing of 
aggregates conforming to the requirements of these speci- 
fications. 

(b) The character of the material is such, in the opinion 
of the Engineer, that undue additional costs may be 
accrued by the State. 

The mineral aggregate shall be clean, hard, durable, free 
from frozen lumps, deleterious matter, and harmful adher- 

ent coatings. 

705.02.02 Deficiencies. Ifthe product of any deposit 
is deficient in the fraction passing the No. 16 sieve, addi- 
tional filler from other approved deposits meeting the phys- 
ical requirements may be added. The added material shall 
be fed to the drier in a uniform manner from a separate 
stockpile. If the added material is a commercial mineral 
filler, it shall be uniformly fed directly to the plant. This is 
not to be construed as a waiver of any of the requirements 
contained herein. 
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705 AGGREGATES FOR BITUMINOUS COURSES 

PHYSICAL PROPERTIES AND TESTS 

705.03.01 Plantmix and Roadmix Bituminous Base 
and Surface Aggregate, Types 1, 2, and 3. The aggregate 
shall conform to the following requirements: 

PERCENTAGE BY WEIGHT 
PASSING SIEVE 

Sieve Sizes Type 1 Type 2 Type 3 

tinchte Stersetenr evens 100 100 
Jacl TClisg et). tester saeereeeet Ses 90-100 90-100 ae 
LOO LCL te eee eer meee = it 100 

0d Br) § Voice ea ieee ypeters ack emmccmmnie memes — 63-85 85—100 

INGA res ee et 40-65 45-65 50-75 

NoPl Ges) © ominel Fore... hws 15-40 20-40 20-45 

INORZOO RI cos hee cael 3-9 3-9 3-10 

Project Control Tests Test Method Requirements 

NICVOLANOIVSIS .- $cc eS Nev. T206 Above 
Sampling-Aperegate......--...8s-....-.-..-- N6VaLZ00 4 eo 
ractired: PACES 4. re ee eee Nev. T230 50 Percent Min. 

Type 2, 35 Per- 
cent Min. for 

Types 1 and 3 
PHASUGITYIINGEX Son ts tee ee Pre ceaect Nev. T212 6 Percent Max. 
Liquidiiinait os. tee ee, Nev. T21035 Percent Max. 

Source Requirement Tests Test Method Requirements 

Siripping Test/=. A228 Shae Nev. T209 — Satisfactory 
Stabilometer Value (Types 

W174 5c Se es! eae anerate er Pre! Nev. T303 30 Min. 
Stabilometer Value (Type 2)................. Nev. T303 35 Min. 
Moisture Vapor Susceptibility 

(Stabilomeéter Vale)... 22....24 Nev. T312 25 Min. 
Swell Testié.. serene. baa oo Nev. T304 0.030” Max. 
Percentage of Wear (500 Rev.)............. Nev. T233 45 Percent Max. 

705.03.02 Plantmix Surface Aggregate, Type 4. The 
combined aggregates shall conform to the following require- 
ments: 

Percentage by Weight 
Sieve Sizes Passing Sieve 

jd hilel se eeens SteRte D aoew aoe Senet! Ot Ae Te St, ene 100 
Ja neh sh woke et 4 eet Eerie S| 90-100 

BLT ag, PARED trois. eens ee 55-85 
1 eae Cy Se ee ete Wea 40-65 

INOS 1 Oise tek ne ee) ee 15—40 
NOj200 sc 20 ae SR oe Re 3-9 
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AGGREGATES FOR BITUMINOUS COURSES 705 

Project Control Tests ; Test Method Requirements 

BICVO AMIAlVSISs et et ee Nev. T206 Above 
PaMMDLNe APPTC PAC. _..... ce cec se aeeenee NEV. 1200 Gees 

mee ractured Fates: jecsseecces 4 cesiscg eau Nev. T230 90 Percent Min. 
me ASLICILVAINGCK. 2 Nev. T212 6 Percent Max. 
Beet Citta ten ee ee ee Nev. T210 30 Percent Max. 

Source Requirement Tests Test Method Requirements 

Serippiiccests. eo. ee ee Nev. T209 Satisfactory 
motabilometer Value...........5......-.! -...Nev. T303 37 Min. 
Moisture Vapor Susceptibility 

(Stabilometer Value)...............-......... Nev. T312 30 Min. 
SLL PSG ig Te 7 2 aa ee Nev. T304 0.030” Max. 
Percentage of Wear (500 Rev.)............. Nev. T233 45 Percent Max. 

705.03.03 Piantmix Bituminous Open-Graded Surface 
Aggregate. The aggregate shall conform to the following 
requirements: 

PERCENTAGE BY WEIGHT 

PASSING SIEVE 
Sieve Sizes 14 Inch Size % Inch Size 
GT WETS pene Cipla sae ena 100 ae 

Peeiticive sae 90-100 100 
OTR S een 2 hee ek OE OER ae 35-55 45-65 
- fae 2 2 Ea ar 5-18 12-22 
NEYO Ul So. ee 0-3 0-4 

Project Control Tests Test Method Requirements 

STEUGP ENT CUES) ieee a ee Nev. T206 Above 
Sampling Ageregate..-2.2. 2... Nev.s1700 Sams ee 
Fractured’Faces....). VA! See. Nev. T230 90 Percent Min. 

Source Requirement Tests Test Method Requirements 

BIEIDUINe PCSt ce Ot ee Nev. T209 Satisfactory 
SA ted ROS Deel enema Me ~ stbeeebecnnte sith Nev. T304 0.030” Max. 
Percentage of Wear (500 Rev.)............. Nev. T233 37 Percent Max. 
Degradation: 

Passing Nos 20 pieve.. 3. x...n8- se... Nev. T232 25 Percent Max. 
Re Cronts NCUES ee oe ee Nev. T232 2.5 Max. 

705.03.04 Commercial Mineral Filler. Commercial 
mineral filler shall conform to the requirements of 
AASHTO M17. 

705.03.05 Screenings. The screenings shall conform 
to the following requirements: 
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705 AGGREGATES FOR BITUMINOUS COURSES 

PERCENTAGE BY WEIGHT 
PASSING SIEVE————————_. 

Sieve Sizes 14 Inch Size ¥% Inch Size 

Ye Inch: 298 Be ee! 100 Anas 
36 Inch scccheintt- 7 :.-LeP ed 90-100 100 
NOs 46.2550450-85---Q207- Anak 15-35 20—45 
NOS 16 eee ee eee 0-4 0-6 
No. 20Qmeap S71 ...... noms feo 0-2 0-2 

Project Control Tests Test Method Requirements 

ICVO Pal SIS ee teeter re eee Nev. T206 Above 
Sampling Ageregate. 2... NG€V. L20Us es = ot 
Tactile COS teen ee ee Nev. T230 90 Percent Min. 

Source Requirement Tests Test Method Requirements 

Siripping Lestac. noc a eee Nev. T209 = Satisfactory 
Percentage of Wear (500 Rev.)............. Nev. T233 37 Percent Max. 
Degradation: 

Passing No. 20 Sieve.-.-2-.2.2...-2.-..---- Nev. T232 25 Percent Max. 
PRCIgNt Ces ee ee Nev. T232 2.5 Max. 

705.03.06 Sand Blotter. The sand shall conform to 

the following requirements: 

Percentage by Weight 
Sieve Sizes Passing Sieve 

pic LIV 7h. waarmee Aconthenepy tat Ae, 2 oe ey centers toc 100 
No. 4 Die es oer Fegts..k...s Bhh Te, Be 90-100 

NOUL 6.2 aia Se a ee 30-75 

NOs 200 tee Si bic Perma ow corse ere 0-12 

Test Test Method Requirements 

Sieve Analysis, 09...O65°8 ye A. Nev. T206 Above 
Sampling Aggregate.............................- Nev. 12009 eee 
OTrgameuispormics.. tr es Nev. £49 §osiupes S2 
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SECTION 706 

AGGREGATES FOR PORTLAND 
CEMENT PRODUCTS 

SCOPE 

706.01.01 Materials Covered. This specification cov- 
ers the quality and size of aggregates used in Portland 
cement products. 

REQUIREMENTS 

706.02.01 General. The mineral aggregate shall be 
the product of approved deposits. The Engineer reserves 
the right to prohibit the use of aggregates from any source 

| when: 

(a) The character of the material is such, in the opinion 

of the Engineer, as to make improbable the furnishing of 
aggregates conforming to the requirements of these speci- 

| fications. 

(b) The character of the material is such, in the opinion 
of the Engineer, that undue additional costs may be 

_ accrued by the State. 

_ Before beginning concrete work, the Contractor shall 
_ submit in writing to the Engineer the proposed concrete 
_ mix design indicating the proportions of cement, water, 
' admixtures and the gradation of the primary aggregate 
nominal sizes which he proposes to furnish. When the 

_ primary coarse aggregate is separated into two sizes, the 
gradation shall consist of the gradation for each indi- 
vidual size, and the proposed proportions of each indi- 
vidual size, combined mathematically with the fine 

_ aggregate to indicate one proposed gradation. Such grada- 
tion shall meet the grading requirements shown in the 
following table (not applicable to lightweight concrete): 
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706 AGGREGATES FOR PORTLAND CEMENT PRODUCTS 

Grading Limits of Combined Aggregates 
PERCENT PASSING————. 

Sieve Size 142” Max. 3” Max. 

OF Be Na Seen A SS OE ey MOOS, (.,”. RG Sie a 100° 2 ee 
LY Scacihy.----- AALS EASED S.. SE ee Oe 87-100 ...........--- 
| Leone SR UpUNNIE 4 LOR STR CBee WE KE 65-90 100 
LOE AAS ee Dee Miaaed BS 3e  N'.. San Sane 48-82 80-100 
DPE, So EE eS - A eT 39-57 46-70 
DCRR tare Veen nr aepenney 2 Lee. Deets 30-45 34-50 
PRS Ss 2 2d sectertaa le degen DO ee GRE OL PE rr tc 23-38 24-42 
EG E82 TEE AE SS 2 15-33 17-34 
SOM YOY Se Shorr antonere ss Sy" Stes 8-24 10-25 
ae uo inna acer cso pend ma ade petny bocatbe 4-13 5-15 
LOO sali Pg i pe Ee. ocd eo A 1-5 2-7 
1 Re ee Se erie re Eee Ramee. ar, Gye 0-3 0-3 

Should the Contractor change his source of supply, he 
shall submit in writing to the Engineer the new gradations 
before their intended use. 

PHYSICAL PROPERTIES AND TESTS 

706.03.01 Coarse Aggregate. The aggregate shall 
conform to the following requirements: 
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706 AGGREGATES FOR PORTLAND CEMENT PRODUCTS 

Test Test Method Requirements 

Sieve Analysis... S22... Nev. T499 Above 
Sampling Aggregate.......................- Nev. 12003 4a8......2 
Material Passing 200 Sieve............. Nev. T499 1 Percent Max. 
Percentage of Wear (100 rev.)........ Nev. 
Percentage of Wear (500 rev.)........ Nev. 
Soundness (5 alterations)................. Nev. 

la Vo Tue Siig erect cence Nev. 

T233 10 Percent Max. 

T233 50 Percent Max. 

T470 12 Percent Max. 

Loss 

T490 0.3 Percent Max. 

Thin or elongated pieces (length greater than five (5) 

times maximum thickness) shall not exceed fifteen (15) 

percent by weight. 

706.03.02 Lightweight Aggregates. These aggregates 
shall conform to the following requirements: 

Sieve Fine Fine 
Size Natural Lightweight 

1 Inch......... SRV, Pies 

SAYING | sts se ee le tee 
Winch 24s Sa, «Fee 

feiinchn. 2s 100 100 
INOS 4 eee 95-100 85-100 
INGS.1 6.22. 45-80 40-80 
INO WO Rae 2 10-35 10-35 
NO.) 100 26) act: 2-12 stasis 
No. 200 20...e pty ae SOS 

Test Test Method 

Sieve Analysis.................-. Nev. T499 
Sampling...........35.0.22. Nev. T200 
Unit Weight 

(loose oven dry)............ Nev. T119 

Organic Impurities............ Nev. T498 

Clay Lumps......22.5.7.... Nev. T490 
Test for 

Staining Materials........ Nev. T488 
Mortar Making Prop- 

erties of Sand......0.2..4:- Nev. T472 

830 

PERCENTAGE BY WEIGHT PASSING SIEVE——————. 

1” Size 34” Size 
Coarse Coarse 

95-100 100 

Bt Read 90-100 
25-60R RAS... 
ee. 20-60 

0-10 0-10 

Requirements 

Above (a) 

Fine Agg.—70 Ib. cu. ft. 
Max. (b) 

Coarse Agg.—S5 Ib. cu. ft. 
Max. (b) 

Comb. Fine and Coarse— 
65 Ib. cu. ft. Max. (b) 

Satisfactory (c) 

2.0 Percent Max. 

Satisfactory (d) 

95 Percent Min. (e) 



AGGREGATES FOR PORTLAND CEMENT PRODUCTS 706 

(a) With the following exceptions: The weight of the 
test sample for the fine lightweight aggregate shall be in 
accordance with Table III, and the aggregate when 
mechanically sieved shall be sieved for only five (5) min- 
utes. The test sample for coarse aggregate shall consist of 
no less than 0.1 cu. ft. of the material used for the deter- 
mination of unit weight. 

TABLE Ill 

Weight of Sieve Test Sample for Fine Lightweight Aggregates 

Nominal Weight of Aggregate Weight of Test 
Lbs. Per Cubic Foot Sample, Grams 

25-35 150 

35-45 200 

45-55 250 
55-65 300 
65-70 350 

(b) The unit weight of successive shipments of light- 

weight aggregate shall not differ by more than ten (10) 
percent from that of the sample submitted for acceptance 
tests. 

(c) Aggregates tested and showing color darker than the 
standard shall be rejected unless it can be demonstrated 
that the discoloration is due to small quantities of materials 
not harmful to the concrete. 

(d) Aggregates tested and showing stain darker than 
“heavy stain” (stain index of 80) or darker shall be tested 
by chemical procedure, and aggregates that contain 1.5 
mg. or more of ferric oxide (Fe,O,) per 200 gram sample 
shall be rejected for use. 

(ec) Fine aggregate failing in the test for organic impuri- 
ties (Nev. T498) may be used provided that when tested 
for effect of organic impurities on strength of mortar, the 
relative strength at seven (7) and twenty-eight (28) days 
calculated in accordance with (Nev. T472) is not less than 

ninety-five (95) percent. 

706.03.03 Fine Aggregate. This aggregate shall con- 
form to the following requirements: 
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Sieve Percent By Weight 
Sizes Passing Sieve 

Ye* Inchil ee eh he Ak, AL A Sie AS 100 
NiOM4Aa Sigweog en” fd? Dee... Bee SB. eee 95-100 
NOs 16S Ab oh BEA Boten ty. oe Medd eel) 45-80 
NO SO) 285 Cte VEAL MAI PeV.9. VEN Nett eS 10-35 
NOMEOURS ta. Sete ketene sgesecsich OE a RAL 2-12 
Nom 200258. Se Serene Bee) ererene ee. en eee 0-5 

Test Test Method Requirements 

SieVe_Analysign se ee es ee Nev. T499 Above 
Sampling Aggregate....................... Neve L200 = =e 
Soundness (5 alterations)................ Nev. T470 10 Percent Max. 

(Sodium sulphate) Loss 
Glayi Lum peas. ae oe Nev. T490 1.0 Percent Max. 
Lightweight Pieces in Agg............. Nev. T487 1.0 Percent Max. 
Percentage of Particles of 

Ress-thanMt9spSp. Gr. Nev. T486 3.0 Percent Max. 
Organic Impurities.........................- Nev. T498 Satisfactory (a) 
Mortar Making Properties.............. Nev. T472 95 Percent Min. 

(b) 

(a) Aggregates tested and showing color darker than the 
standard shall be rejected unless they pass the “Mortar 
Making Properties” test (Nev. T472). 

(b) Fine aggregate failing in the test for organic impuri- 
ties (Nev. T498) may be used provided that when tested 
for effect of organic impurities on strength of mortar, the 
relative strength at seven (7) and twenty-eight (28) days 
calculated in accordance with (Nev. T472) is not less than 
ninety-five (95) percent. 

706.03.04 Grout and Mortar Sand. This aggregate 
shall conform to the following requirements: 

Sand for grout and mortar shall conform to the size 
requirements of 706.03.03, “Fine Aggregate,” except if 
the Contractor elects, he may screen the sand over a No. 
8 screen to produce the following: 

Sieve Percent By Weight 
Sizes Passing Sieve 

| Fe ear See NE ats dt BEAR eet AL haeemewimterteg sh sob 100 
ING) ee dee ae en ee ee ae Lee ee ee ee 15-40 

Nov 1 O02: eee Sean eS... eee ee SEES 0-10 

No. 200......2...c le SSS se Saroticn 0-5 
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| 
| Test Test Method Requirements 
meoieve Analysis...............4/2 0.2226) Nev. T499 Above 

Sampling Aggregate...................-.....-. Nev., [2007 ape, .224 
Mortar Making Properties................ Nev. T472 95 Percent Min. 

(a) 
OTP aNiGe IM DUTUCS oe esescesacnnsncs cease sc: Nev. T498 Satisfactory (b) 

(a) Fine aggregate failing in the test for organic impuri- 
ties (Nev. T498) may be used provided that when tested 
for effect of organic impurities on strength of mortar, the 
relative strength at seven (7) and twenty-eight (28) days 
calculated in accordance with (Nev. T472) is not less than 
ninety-five (95) percent. 

(b) Aggregates tested and showing color darker than 
the standard shall be rejected unless they pass the mortar 
making properties test (Nev. T1472). 

706.03.05 Stone for Masonry and Riprap. This stone 
shall conform to the following requirements: 

Source Requirement Tests Test Method Requirements 

Percentage of Wear (500 Rev.)......Nev. T233 45 Percent Max. 
SDGCiG CRTAVILVE Sect og at Nev. T111 2.50 Min. 
od BLOT RTE LETT: Rens wna carton A yancebinat Nev. T232 
1 EES A GAS Co bog BS eta lnc Acer Roth Ae Ato mena i 25 Percent Max. 
PIGISNT INCHES MAAR Ant sie Ae teeth hc nk 2.5 Max. 
*NOTE: To be used for selected projects only and as shown in those 

special provisions. 
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SECTION 707 

JOINT MATERIAL 

SCOPE 

707.01.01 Material Covered. ‘This specification cov- 
ers the quality requirements for poured filler, preformed 
fillers, and resilient and rubber type gaskets used in the 
construction of bridges, culverts, sidewalks, etc. 

PHYSICAL PROPERTIES AND TESTS 

707.03.01 Joint Fillers. Preformed fillers for joints 
shall conform to the requirements of AASHTO M213, 
ASTM D1751, Fiber Type, and shall be punched to admit 
the dowels where called for on the plans. The filler for each 
joint shall be furnished in a single piece for the full depth 
and width required for the joint unless otherwise author- 
ized by the Engineer. When the use of more than one piece 
is authorized for a joint, the abutting ends shall be fastened 
securely and held in place, by stapling or other positive 
fastening satisfactory to the Engineer. 

707.03.02 Rubber Gaskets. The ring gaskets shall 
conform to the requirements of AASHTO M198. 

- 707.03.03 Waterstops. Waterstops shall conform to 
the following requirements: 

(a) Natural Rubber— 

Test Test Method Requirements 

Tension Testing of 
Vulcanized Rubber....ASTM D412 =‘ Tensile strength 3,500 Ibs. 

Min. p.s.ii—Elongation at 
breaking of 550 percent. 
Unit stress (300 percent) 
1,100 Ibs. p.s.i. Min. Unit 
stress (500 percent) 2,800 
Ibs. p.s.i. Min. 
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707 JOINT MATERIAL 

Test for Accelerated 
aging of Vulcanized 
Rubber by the Oxygen 
Pressure Method........ ASTM D572 After7 days in air at 158° 

(+2°) F. or after 48 
hours in oxygen at 158° 
(+2°) F. and 300 Ibs. 
p.S.i., the tensile strength 
and elongation shall not 
be less than 65 percent 
of the original. 

Test for Indentation 
of Rubber by Means 
of a Durometer.......... ASTM D2240_ 55 to 65 (hardness). 

Natural rubber waterstops shall be manufactured from 
a stock composed of a high grade compound made exclu- 
sively from new plantation rubber reinforced carbon black, 
zinc oxide, accelerators, antioxidants, and softeners. This 
compound shall contain not less than seventy-two (72) per- 
cent by volume of new plantation rubber. 

(b) Synthetic Rubber— 

Test Test Method Requirements 

Tension Testing of 
Vulcanized Rubber....ASTM D412 Tensile strength 2,500 Ibs. 

p.s.i. Min. Elongation at 
breaking of 425 percent. 

Testing for Accelerated 
Aging of Vulcanized 
Rubber by the Oxygen 
Pressure Method......... ASTM D572 After 7 days in air at 158° 

(42°) F. or after 48 
hours in oxygen at 158° 
(+2°) F. and 300 Ibs. 
p.s.i., the tensile strength 
and elongation shall not 
be less than 65 percent 
of the original. 

Test for Indentation 
of Rubber by Means 
of a Durometer.......... ASTM D2240 50 to 70 (hardness). 

(c) Polyvinyl Chloride— 

Test Test Method Requirements 

Polyvinyl Chloride 
WY AlETSIO PS oe ee eee Corps. of Engr. Compliance of 

CRD-C572 paragraph 6. 
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JOINT MATERIAL 707 

707.03.04 Pourable Joint Sealer. The pourable joint 
sealer for bridges shall be a polyurethane sealant furnished 
and placed as hereinafter specified. 

Polyethylene foam shall be commercial quality, with a 
continuous, impervious, glazed top surface, suitable for 
retaining the liquid polyurethane sealant in the joint while 
hardening. 

A primer, furnished by the manufacturer of the sealant, 
shall be applied to the sides of the groove and to all 
exposed vertical surfaces in the joint prior to placing the 
polyurethane sealant. The primer shall be dry prior to 
placing sealant. 

TWO COMPONENT MACHINE MIXED 
POLYURETHANE SEALANT 

Classification 

This specification describes a two component, machine 
mixed, polyurethane joint sealant. This sealant, when prop- 
erly applied against a clean sound surface, will reject for- 
eign material, resist infiltration of water into the joint, and 
withstand up to plus twenty-five (25) percent movement. 
The use of a primer against the joint faces is required. 

Mixing Material for Test Specimens 

Mix vigorously, equal volumes of the two components 
(total volume not more than one-half (#2) pint) for forty- 
five (45) seconds by hand using a square tipped one (1) 
inch stiff spatula. Incorporate as little air as possible. Pour 
samples within thirty (30) seconds after mixing. Do not 
scrape side of mixing vessel. 

Test Sample Preparation 

(a) Prime one surface of eight (8) one inch by two inch 
by three inch (1” x 2” x 3”) test blocks made according 
to Test Method No. Calif. 413. Prepare four (4) one-half 
inch by one-half inch by two inch (2” x %” x 2”) speci- 
mens of sealant using teflon or amalgamated brass spacers. 
The two (2) inch side of the sealant shall be parallel to the 
two (2) inch side of the test block. After twenty-four (24) 

hours at seventy-seven (77) degrees plus or minus three (3) 
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degrees Fahrenheit place test specimens in an oven at one 
hundred fifty-eight (158) degrees plus or minus two (2) 
degrees Fahrenheit for seven (7) days. Condition the sam- 
ples for eight (8) hours at seventy-seven (77) degrees plus 
or minus three (3) degrees Fahrenheit before testing. 

(b) Cast a smooth sheet of sealant one-eighth (4%) inch 
thick against a sheet of mylar plastic, cure for twenty-four 
(24) hours at seventy-seven (77) degrees plus or minus 
three (3) degrees Fahrenheit, then for forty-eight (48) 
hours at one hundred fifty-eight (158) degrees plus or 
minus two (2) degrees Fahrenheit. Cut a tensile test speci- 
men as required in Test Method No. Calif. 429. 

Testing 

(a) Elongate two (2) tensile test specimens to one hun- 

dred fifty (150) percent one and one-fourth (114) inches, 
and measure modulus in total pounds (a). Use one and one- 
fourth (14%) inch spacers to maintain one hundred fifty 

(150) percent extension. Condition specimens for seven (7) 

days at seventy-seven (77) degrees plus or minus three (3) 
degrees Fahrenheit, remove spacers and place test speci- 
mens on a glass surface so that the two one inch by three 
inch (1” x 3”) surfaces of each specimen bear directly on the 
glass. At two (2), three (3), and five (5) minute intervals 
lift the test specimen carefully to help relieve any friction 
which may restrict the recovery of the sealant. Measure the 
width on the sealant (distance between two inch by three 
inch (2” x 3”) face of blocks) five (5) minutes after relaxa- 
tion (b). Again extend the test specimen to one hundred 
fifty (150) percent, insert one and one-fourth (1%) inch 
spacers and cut a notch about one-sixteenth (4.¢) inch 
deep, parallel to the three (3) inch block dimension and 
across the center of the sealant surface. Examine the seal- 
ant twenty-four (24) hours later (c). 

(b) Extend two (2) specimens one hundred (100) percent 
(one (1) inch), insert one (1) inch spacers and immerse in 
distilled water at seventy-seven (77) degrees plus or minus 
three (3) degrees Fahrenheit for seven (7) days and observe 
(d). 
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(c) Place the tensile test specimen in a jig which will 
extend the center from one (1) inch to two (2) inches (one 
hundred (100) percent elongation of center section) and 
place in Atlas Fadeometer for one hundred (100) hours. 
Remove specimen and examine (e). 

Specification Values 

(a) Modulus at one hundred fifty (150) percent elonga- 
tion, pounds, eight to seventy-five (8—75). 

(b) Width of sealant after seven (7) days extension and 
one (1) hour recovery, inches, twenty-one thirty-seconds 

(2749) max. 
(c) Condition twenty-four (24) hours after notching— 

Sealant must not fail completely in adhesion or cohesion. 
(d) Condition of water immersed specimen at seven (7) 

days—Notch or loss of bond one-fourth (%) inch, max. 

(e) Condition of specimen after one hundred (100) hours 
in Fadeometer—No more than slight checking or cracking. 

In addition to the above, sealant shall be self-leveling 
but cure rapidly enough to avoid flow after application on 
grades up to fifteen (15) percent. The grease cone penetra- 
tion at twenty-four (24) hours shall be forty-five to one 
hundred twenty (45-120) when tested according to Test 
Method No. Nev. T531. 

Directions for Use 

All manufacturers’ instructions shall be carefully fol- 
lowed. 

Mixing of one or both components separately before 
using may be necessary. 

Material which has been exposed to the atmosphere for 
more than twenty-four (24) hours shall not be used. 

Equipment used shall conform to the recommendations 
of the manufacturer of the sealant. 

The Contractor shall furnish the Engineer with a Cer- 
tificate of Compliance executed by the manufacturer of 
pourable joint sealer. Such certificate shall attest that the 
pourable joint sealer as produced in the usual course of the 
manufacturer’s trade, conforms to these specifications. 
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707.03.05 Asphalt Plank. Asphalt plank shall con- 
form to the requirements of ASTM Designation: D517 for 
Plain Asphalt Plank. 

707.03.06 Preformed Elastic Joint Sealer. Preformed 
elastic joint sealer and lubricant adhesive shall conform to 
the following requirements: 

Preformed elastic joint sealer shall be an extruded vul- 
canized elastromeric virgin polychloroprene material. The 
lubricant adhesive shall be a one component virgin poly- 
chloroprene compound containing only soluble phenolic 
resins blended with antioxidants and acid acceptors in an 
aromatic hydrocarbon solvent. 

The preformed elastic joint sealer shall be resilient, heat, 
oil and ozone resistant. It shall not soften excessively or 
become excessively brittle between the temperatures of 
minus thirty (30) degrees Fahrenheit and one hundred sixty 
(160) degrees Fahrenheit. The joint sealer shall be fur- 
nished in extruded strip form and all surfaces shall be 
smooth. The extruded shape shall be symmetrical and be 
of uniform cross sectional shape and of uniform thickness 
and shall conform to the following: 

Test Physical 
Property Procedure Requirements 

Hardness, Type A, Durometet......... ASTM D676 cp pea) 
Tensile Strength, Min. p.s.i.............. ASTM D412 2000 
Elongation at break, Min. percent..ASTM D412 250 
Ozone Resistance, 20 percent 

Elongation, 300 pphm 104° 
F., 70 hrs. (Sample to be 
solvent wiped before test to 
remove any traces of surface 

impurities) ..2..2...000 nla ees. ASTM D1149 No cracks 
Oven aging 70 hours at 212° F....... Hod BY, OD he) "es ee SAPs 

Tensile Strength, Max. percent 
DIECTENSS Go ee eee ee eee —30 

Elongation, Max. percent 

Decreases cee ud Slee oo rege —40 

Hardness, Max. change... eee +10/-0 
Oil Swell, ASTM Oil #3 

WO OULS! Zien Peerect tke ASTM D4/1 > "8s. 
Max. Volume Change...w.....0 i eet +80 
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Test Physical 
Property Procedure Requirements 

Max. Wt. Increase at Specific 
Gravity SSae3e. AO BA SS OLE +45 

High Temperature Recovery 
70 hours/212° F. under 50 
percent deflection, percent........ 8 85 

Low Temperature Recovery 
22 hours/20° F. under 50 
percent deflection, percent........ > 83 

*See method of test. 

The lubricant adhesive shall be homogeneous and shall 
remain workable from five (5) degrees Fahrenheit to one 
hundred twenty (120) degrees Fahrenheit. Each lot of the 
adhesive shall be in containers with the manufacturer’s 
name or trademark and the date of manufacture plainly 
marked. Adhesive shall be stored at a temperature of fifty 
(50) degrees Fahrenheit to eighty (80) degrees Fahrenheit 
and shall be used within two hundred seventy (270) days 
after the date of its manufacture. 

The lubricant adhesive shall conform to the following 
requirements: 

Average-net ‘weight. per gallon, Ibs......:...-......-.--..05-.- 7.84 + 5% 
DOMASPCONLON tb Ve WEISNIT, DETCCIG. 20.22 cac.— sa dp--n2nccteancasecernacncceec! 22-28 

Each lot of the preformed elastic joint sealer, and lubri- 
cant adhesive furnished under these specifications shall be 
identified as specified herein and shall be products which 
have been tested by a reputable testing laboratory, recog- 
nized by the State, who shall certify that the materials meet 
these specifications and requirements. The Contractor shall 
furnish the Department with these certifications prior to 
using the material. 

METHODS OF TEST 

Low and High Temperature Recovery Tests 

(a) Apparatus 
1. CompressionClamp. A compression clamp con- 

sists of two or more flat steel plates known as a Method 
“B” ASTM compression set clamp (ASTM D395-61); or 
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a vise having parallel plates on jaws; or any basic device 
by which uniform compression can be applied to a speci- 
men. The device should be capable of accepting a five (5) 
inch long specimen. 

2. Steel Spacers. If compression clamps are used, 
steel spacer bars will be required to allow proper spacing 
of the steel plates. 

3. Air Oven. This piece of apparatus shall meet 
the requirements of ASTM E145-59T, Type II, Grade A. 
The oven shall be provided with proper temperature con- 
trol to maintain the specified temperature within a permis- 
sible variation of plus or minus two (2) degrees Fahrenheit. 

4. Low Temperature Box. This piece of apparatus 
can be any refrigerated box capable of maintaining a 
temperature variation of plus or minus two (2) degrees 
Fahrenheit on temperature settings within the range of plus 
twenty (20) degrees Fahrenheit to minus twenty (20) 
degrees Fahrenheit. 

5. Dial Gage—Vernier Caliper—Micrometer. A 
dial gage, vernier caliper, or micrometer graduated in 
thousands of an inch shall be used for measurements. 

(b) Samples. Samples of fabricated seals shall be 
approximately five (5) inches long and shall be taken at 
random from each new shipment of seals. 

(c) Test Procedure. 
1. In the heat tests that material should be tested as 

furnished in production. Samples should be washed with 
water prior to testing to remove any foreign material or 
dust, and thoroughly dried. There should be no talcing of 
internal surfaces. of the seal. Outside surfaces may be 
dusted to prevent sticking to the steel compression plates. 

In cold tests talcing of internal seal surfaces may be 
desirable. 

2. Deflect the sample between parallel plates to fifty 
(50) percent of original top width. Width measurement 
shall be taken in the center of the five (5) inch length. 
Prior to compression the sample shall be placed in a hori- 

-zontal position in such a manner that the plane between 
lip tips is perpendicular to the compression plates. As the 
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sample is being compressed, care should be taken to insure 
that the “V” section of the sample top be folded so that it 
projects inward towards the inner web section. 

3. High Temperature. Expose the clamp assembly 
and compressed sample in an oven for seventy (70) hours 
at two hundred twelve (212) degrees Fahrenheit plus or 

minus two (2) degrees. Do not pre-heat the clamp assembly. 
When the oven aging period is completed, remove the 
clamp assembly and immediately unclamp the test speci- 
men. Cool the test specimen at room temperature (73-+-4) 
on a wooden surface for one (1) hour before measuring the 
heat aged recovery width. The measurement shall be made 
at the location at which the original width was determined. 

Low Temperature. Expose the clamp assembly and 
compressed sample in a low temperature box for the time 
and temperature specified. When the cold aging period is 
completed, unclamp the test specimen at the test tempera- 
ture; allow it to recover in a free state at the test tempera- 
ture for one (1) hour. At this point measure the recovery 
width at the test temperature. The measurements shall be 
made at the location at which the original width was deter- 
mined. 

(d) Calculations. Calculate the recovery, expressed as 
a percentage of the original width, as follows: 

Percent Recovery—Recovered Width x 100 

Original Width 

(e) Any cracking visible after recovery testing is basis 
for rejection. 

(f) Any evidence of bond between any of the webs after 
high temperature recovery is also basis for rejection even 
though recovery requirement is met. 
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SECTION 708 

CONCRETE AND CLAY PIPE AND DRAINS 

SCOPE 

708.01.01 Materials Covered. This specification cov- 
ers the quality of clay pipe, nonreinforced concrete pipe, 
and reinforced concrete pipe used for culverts, siphons, 
pressure conduits, sewers, and storm drains. Also the qual- 
ity of perforated pipe used in underdrains. 

PHYSICAL PROPERTIES AND TESTS 

708.03.01 Reinforced Concrete Pipe. This pipe shall 
conform to the requirements of AASHTO M170 for the 
specified diameters and strength classes. Elliptical pipe 
shall be furnished where specified. Unless otherwise speci- 
fied, pipe wall design and use of elliptical reinforcement 
in circular pipe are optional. 

Precast reinforced concrete end sections shall conform 
to the requirements of the cited specifications to the extent 
to which they apply. 

708.03.02 Nonreinforced Concrete Pipe. This pipe 
shall conform to the requirements of AASHTO M86 for 
the specified diameters and strength classes. 

708.03.03 Perforated Concrete Pipe. This pipe shall 
conform to the requirements of AASHTO M175 or to 
ASTM C444 for the specified diameters and strength 
classes. 

708.03.04 Clay Pipe. ‘This pipe shall conform to the 
requirements of AASHTO M65 for pipe with full circular 
cross section, for the specified diameter and strength class. 
When specified, the bell shall have integral spacer lugs to 
provide for an annular opening and self-centering feature. 

708.03.05 Bituminous Fiber Pipe. This pipe shall 
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708 CONCRETE AND CLAY PIPE AND DRAINS 

conform to the requirements of AASHTO M177, ASTM 
D1861 or D1862. 

708.03.06 Perforated Bituminous Fiber Pipe. This 
pipe shall conform to the requirements of AASHTO M177 
for the specified diameters. Unless otherwise specified, 
either Type 1 or Type 2 couplings may be furnished. 
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SECTION 709 

METAL PIPE AND DRAINS 

SCOPE 

709.01.01 Material Covered. This specification cov- 
ers the quality of metal pipes, metal arch pipes, metal end 
sections, structural plate pipe, and perforated metal pipe 
used for culverts, drainage structures, conduits, and under- 
drains. 

PHYSICAL PROPERTIES AND TESTS 

709.03.01 Corrugated Metal Pipe and Pipe Arches. 
These conduits and the coupling bands shall conform to 
the requirements of AASHTO M36 and M36-—73I for the 
specified sectional dimensions and spelter coating. Shop- 
formed elliptical pipe and shop strutted pipe shall be fur- 
nished where specified. 

Special sections, such as elbows, tees and wyes for these 
conduits shall be of the same gage as the conduit to which 
they are joined, and shall conform to applicable require- 
ments of AASHTO M36. 

Minimum gages for conduits and coupling bands shall 
be as indicated for two and two-thirds (224) by one-half 
(2) inch corrugated steel pipe as shown on the standard 
plan sheet R-1.3.1 entitled “Allowable Fill Heights for 
Culverts,” unless otherwise indicated on the plans and in 
the proposal. 

Three (3) by one (1) inch corrugations designed for the 
same or greater maximum fill height, as shown in the tables 
on said standard plan sheet, may be substituted for the two 
and two-thirds (224) by one-half (2) inch corrugations. 

Two (2) by one-half (#2) inch and two and two-thirds 
(274) by one-half (12) inch corrugated aluminum pipe 
designed for the same or greater maximum fill height, as 
shown in the tables on said plan sheet, may be substituted 
for two and two-thirds (224) by one-half (1%) inch cor- 
rugated steel pipe when an aluminum alternate is specifi- 
cally allowed in the special provisions. 
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709 METAL PIPE AND DRAINS 

When metal end sections are required, the following 
requirements shall pertain: 

(a) Metal end sections shall be of the gage shown on the 
lans. 
(b) The end of the pipe shall be finished with annular 

corrugations to conform to metal end section so that no 
leakage results from the connection; however, other designs 
may be used if approved by the Engineer. 

(c) Where connector sections are used the connector sec- 

tion shall be helical or annular as required to match the 
type of pipe used. 

709.03.02 Bituminous Coated Corrugated Metal Pipe 
and Pipe Arches. These conduits and the coupling bands 
shall conform to the requirements of AASHTO M190 for 
the specified sectional dimensions, gages, and type of bitu- 
minous coating. Coupling bands shall be fully coated with 
bituminous material. Shop-formed elliptical pipe and shop 
strutted pipe shall be furnished where specified. 

Special sections, such as elbows and flared end sections, 
for these conduits shall be of the same gage as the conduit 
to which they are joined, and shall conform to the appli- 
cable requirements of AASHTO M190. Coating and invert 
paving shall be of the type specified. Coating shall be as 
required for Type A unless otherwise specified. 

When asbestos bonded bituminous coating is specified, 
these requirements shall equally apply and in addition the 
special process of embedding asbestos fiber in the molten 
metallic bonding medium shall be used to bond the bitu- 
minous coating. 

709.03.03 Corrugated Aluminum Pipe. This pipe 
shall conform to the requirements of AASHTO M196. 

709.03.04 Corrugated Metal Pipes for Downdrains. 
Downdrain flumes and pipe shall conform to the require- 
ments of AASHTO M36. Type III inlets shall conform to 
the requirements of AASHTO M36. Type I and Type I 
inlets shall conform to the requirements of ASTM A93 
except two (2.00) ounce coating shall be required. When 

848 



METAL PIPE AND DRAINS 709 

specified, pipe, flumes, and inlets shall be bituminous 
coated conforming to the requirements of AASHTO M190. 
All anchor assemblies, hardware, and accessories shall con- 
form to the requirements of ASTM A153 and ASTM 
A123: 

709.03.05 Corrugated Metal Pipe for Underdrains. 
This pipe shall conform to the requirements of AASHTO 
M36, Type III for the specified diameters. Unless other- 
wise specified, any one of the first three classes shown may 
be furnished. 

709.03.06 Bituminous Coated Corrugated Metal Pipe 
for Underdrains. This pipe shall conform to the require- 
ments of AASHTO M36. and shall be coated with bitu- 
minous material to meet requirements of AASHTO M190, 
Type A coating, except that minimum coating thickness 
shall be 0.03 inch. Coupling bands shall be full coated. The 
specified minimum diameter of perforations shall apply 
after coating. 

709.03.07 Corrugated Aluminum Pipe for Under- 
drains. This pipe shall conform to the requirements of 
AASHTO M197. 

709.03.08 Structural Plate Pipe and Pipe Arches. 
This pipe shall conform to the requirements of AASHTO 
M167. 
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SECTION 710 

STRUCTURAL AND EYEBAR STEEL 

SCOPE 

710.01.01 Material Covered. This specification cov- 
_ ers the quality of structural and eyebar steel used in high- 

way structures. 

REQUIREMENTS 

710.02.01 Defects. Finished rolled material shall be 
free from cracks, flaws, injurious seams, laps, blisters, 
ragged and imperfect edges, and other defects. It shall have 
a smooth, uniform finish, and shall be straightened in the 
mill before shipment. 

Material shall be free from loose mill scale, rust pits, or 
other defects affecting its strength or durability. 

The Engineer reserves the right to reject material which 
he deems unsuitable for the purpose intended even though 
the material meets the requirements of the mill tolerances. 

710.02.02 Charpy V-notch Test. All steels used in 
and designated as load carrying members subject to tensile 

_ stress, shall comply with all the requirements specified for 
_ Charpy V-notch test in the various AASHTO Designations 

for the steels involved. Sampling and testing procedures 
shall be in accordance with the requirements of the appli- 
cable AASHTO Designations. 

PHYSICAL PROPERTIES AND TESTS 

710.03.01 Standard Steel. This steel shall conform 
to the requirements of ASTM A36 and the Supplementary 
Requirements S1 and S2. 

710.03.02 High Strength-Low Alloy Structural Man- 
ganese Vanadium Steel. This steel shall conform to the 
requirements of ASTM A441. 
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710 STRUCTURAL AND EYEBAR STEEL 

710.03.03 High Tensile Strength Bolts. This steel | 
shall conform to the requirements of ASTM A325. 

710.03.04 Stainless Steel Bolts. This steel shall con- 

form to the requirements of ASTM A276. | 

710.03.05 Welded Seamless Steel Pipe. This steel | 
shall conform to the requirements of ASTM A53 (Grade 
B). : 

710.03.06 Cold-Formed Welded and Seamless Carbon | 
Steel Structural Tubing in Rounds and Shapes. This steel | 
shall conform to the requirements of ASTM A500 (Grade | 
B) except the minimum tensile strength shall be fifty-five | 
thousand (55,000) p.s.i. | 

710.03.07 Shear Connector Studs. This steel shall 
conform to the requirements of ASTM A108, Grade 1015, 
or 1020. Flux-retaining caps shall be low carbon grade 
suitable for welding and shall conform to the requirements 
of ASTM A109. 

7109.03.08 Pins and Rollers. Pins or rollers nine (9) 
inches or less in diameter shall be forged and heat treated 
or cold finished carbon-steel shafting. Pins or rollers more 
than nine (9) inches in diameter shall be forged and heat 
treated in accordance with the requirements of ASTM 
A235. 
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SECTION 711 

ALUMINUM FOR BRIDGE RAIL 

SCOPE 

_ 711.01.01 Material Covered. This specification cov- 
_ ers the quality of aluminum alloy used in bridge rail. 

PHYSICAL PROPERTIES AND TESTS 

711.03.01 Aluminum Alloy for Pipe. This pipe shall 
_ conform to the requirements of ASTM B241 Alloy 
- 6061-—T6 or 6063-—T6. 

_  711.03.02 Aluminum Alloy Tubing. This tubing shall 
conform to the requirements of ASTM B221 Alloy 
_ 6061-T6 or 6063-T6. 

_ 711.03.03 Cast Aluminum Alloy. This alloy shall 
_ conform to the requirements of AASHTO M193, Alloy 
) A344-T4. 

: 711.03.64 Aluminum Alloy Shims. This alloy shall 
_ conform to the requirements of ASTM B209 Alloy 1100-0. 
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SECTION 712 

MISCELLANEOUS METAL 

SCOPE 

712.01.01 Material Covered. This specification cov- 
ers the type and quality of miscellaneous metals used in 
various highway construction. 

PHYSICAL PROPERTIES AND TESTS 

712.03.01 Steel Castings. This steel shall conform to 
the requirements of ASTM A27, Grade 65-35. 

712.03.02 Gray Iron Castings. These castings shall 
conform to the requirements of ASTM A48, Class 40. 

712.03.03 Malleable Castings. These castings shall 
conform to the requirements of ASTM A47, Grade 32510. 

712.03.04 Wrought Iron Plates. These plates shall 
conform to the requirements of ASTM A42. 

712.03.05 Bronze Castings. These castings shall con- 
form to the requirements of ASTM B22, Copper Alloy No. 
863. 

712.03.06 Welding Materials. Materials used for 
welding shall conform to the current Specifications for 
Welded Highway and Railway Bridges of the American 
Welding Society and current AASHTO Standard Specifica- 
tions for Welding of Structural Steel Highway Bridges. 

712.03.07 Steel Piles. This steel (“H” Piles and 

Sheet Piling) shall conform to the requirements of ASTM 
A36. 

712.03.08 Steel Shell for Piles. This steel shall con- 

form to the requirements of ASTM A252, Grade 2. 
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SECTION 713 

REINFORCEMENT 

SCOPE 

713.01.01 Materials Covered. This specification cov- 
ers the quality of bar steel, fabricated reinforcement and 
welded steel wire used in the reinforcement of concrete. 

PHYSICAL PROPERTIES AND TESTS 

713.03.01 Bar Steel Reinforcement. This steel shall 

conform to the applicable following requirements: 

Test Test Method Requirements 

~ Deformed Billet-Steel Bars for 
Concrete Reinforcement........... ASTM A615 Grade 40, 60 (a) 

Axle-Steel Deformed Bars for 
Concrete Reinforcement........... ASTM A617 Grade 40, 60 (a) 

Spiral Reinforcement.................... ASTM A615 Grade 60 (a) 

(a) With the following exception: If Reinforcing Steel Bars fail to meet the 
minimum unit stress when calculated on the basis of ASTM A615 Section 

10.1.3, the material may be considered acceptable if minimum specification 
requirements are satisfied by computing the unit stress ‘“‘Section Area’’ Method 

described in Nevada Test Method T484. 

713.03.02 Fabricated Steel Bar or Rod Mats Rein- 
forcement. This steel shall conform to the requirements 
of ASTM A184. 

713.03.03 Welded Steel Wire Fabric Reinforcement. 
This steel shall conform to the requirements of ASTM 
A185. 

713.03.04 Prestressing Steel. Prestressing reinforce- 
ment shall be high-tensile-strength steel wire, high-tensile- 
strength seven-wire strand or high-tensile-strength alloy 
bars as called for on the plans or in the special provisions. 

High-tensile-strength steel wire shall conform to the 
requirements of ASTM Designation A421, except that the 
steel may be made by the basic oxygen process. 
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713 REINFORCEMENT 

High-tensile-strength seven-wire strand shall conform to 
the requirements of ASTM Designation A416 with the 
exceptions shown in the following table: 

YIELD STRENGTH 
7~—REQUIREMENTS——. 

Nominal Minimum 
Nominal Breaking Nominal Weight Load at 
Diameter Strength Area of of Strand Initial 1 Percent 
of Strand Minimum Strand (Ibs. per Load Exten. 
(inches) (pounds) (sq. inch) 1,000 ft.) (pounds) (pounds) 

¥% 23,000 0.085 292 2,300 19,600 

he 31,000 0.117 400 3,100 26,350 
iy 41,300 0.153 Bye) 4,130 35,100 

High-tensile-strength alloy bars shall be stress relieved 
and then cold stretched to a minimum of one hundred 
thirty thousand (130,000) p.s.i. After cold stretching, the 
physical properties shall be as follows: 

Minimum Ultimate Tensile Strength............................ 145,000 p.s.i. 
Minimum Yield Strength, Measured by the 0.7 

Percent Extension Under Load Method Shall 
Be ONOULESS = EDOne a ee oe eee ee 130,000 p.s.i. 

Minimum Modulus of Elasticity........000000000000000000.... 25,000,000 p.s.i. 
Minimum Elongation in 20-bar Diameters 

PVELE TORU DULL Creche cas aa che peek rcnaen aad. eee ee 4 percent 
Diameter Tolerance....................... $487 bods Hae +0.03”, —0.01” 

Testing Prestressing Reinforcement and Anchorages. All 
wire, strand, or bars to be shipped to the site shall be 
assigned a lot number and tagged for identification pur- 
poses. Anchorage assemblies to be shipped shall be like- 
wise identified. 

All samples submitted shall be representative of the lot 
to be furnished, and, in the case of wire or strand, shall be 
taken from the same master roll. 

All of the materials specified for testing shall be fur- 
nished free of cost and shall be delivered in time for tests 
to be made well in advance of anticipated time of use. 

The vendor shall furnish for testing the following sam- 
ples selected from each lot. If ordered by the Engineer, the 
selection of samples shall be made at the manufacturer’s 
plant by the inspector. 

858 



- REINFORCEMENT 713 

(a) Pretensioning Method. For pretensioned strands, 
samples at least five (5) feet long shall be furnished of each 

_ strand size. A sample shall be taken from each end of every 
coil. 

(b) Post-Tensioning Method. The following lengths 
shall be furnished: 

1. For wires requiring heading—five (5) feet. 
2. For wires not requiring heading—sufficient length 

to make up one parallel-lay cable five (5) feet long consist- 
ing of the same number of wires as the cable to be fur- 
nished. 

3. For strand to be furnished with fittings—five (5) 
feet between near ends of fittings. 

4. For bars to be furnished with threaded ends and 
nuts—five (5) feet between threads at ends. 

(c) Anchorage Assemblies. Two anchorage assemblies 
shall be furnished, complete with distribution plates of each 
size or type to be used, if anchorage assemblies are not 
attached to reinforcement samples. 

713.03.05 Cold-Drawn Steel Wire for Spiral Rein- 
forcement. This steel shall conform to the requirements 
of ASTM A82. 
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SECTION 714 

PAINT 

SCOPE 

714.01.01 Materials Covered. This specification cov- 
ers the quality, color, and number of applications of paint 
used in painting the various materials of highway con- 
struction. Attention is directed to Section 715, “Galvaniz- 

ing,” for galvanized coatings. 

REQUIREMENTS 

714.02.01 Certificates. The Contractor shall furnish 
the Engineer with written certification that all required 
tests have been satisfactorily completed and that the mate- 
rials thereof comply with all the requirements. Samples 
will be taken when required by the Engineer. 

PHYSICAL PROPERTIES AND TESTS 

714.03.01 Iron and Steel Use Items. The Contractor 
may choose from SSPC (Steel Structures Painting Council) 
Alkyd Paint System Specifications 2.00, Phenolic Paint 
System 3.00, or Vinyl Paint System 4.00 when metal rail, 
bridge or pedestrian rail, and guardrail are specified to 
receive paint or when painting structural steel, miscel- 
laneous iron, and steel standards. The color of paint shall 
be as shown on the plans or specified in the special pro- 
visions. 

The Contractor shall submit to the Engineer for approval 
a letter indicating his choice of system, accompanied by 
certificates attesting that the ingredients chosen meet the 
applicable specifications and requirements prior to appli- 
cation of any paint. 

714.03.02 Timber Use Items. Cattle guard wings, 
bridge railings, right of way markers, sign posts, and 
miscellaneous timber structures specified to receive paint. 
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714 PAINT 

Number General Formula or 
Purpose of Coats Color Type Specification 

Prine eee 1 White Mixed *TT-P-25 
Pigment 
Exterior 

Wood *TT-P—25 
Primer 

Intermediate 
(first coat 
after primer)....... 1 Cream’ Titanium *TT—P-102 

Lead, Zinc Class B 
Oxide 

Finish 
(second coat 
after primer)....... 1 White Titanium *TT—P-102 

Lead, Zinc Class B 

Oxide 

Trim, Lettering 
and Indications 
(used when so 

indicated 
on plans)............. 1  +#Bilack Titanium *TT-P-61 

Lead, Zinc 

Oxide 
*Federal specifications. 

714.03.03 Concrete Use Items. Concrete end posts 
(bridges), raised traffic bars, and miscellaneous concrete 

specified to receive paint. 

Number General Formula or 
Purpose of Coats Color Type Specification 

Finishir...loote..ts 1 White Water Acrylic Resin 
Thinned or Synthetic 

Latex Alkyd 
Emulsion 

714.03.04 Aluminum Use Item. Aluminum bridge 
railing and posts specified to receive paint shall be pre- 
pared for painting with a chemical conversion coating con- 
forming to the requirements of Federal Specification 
MIL—C-—5541. The coating shall be applied in accordance 
with the manufacturer’s specifications and recommended 
sequence of operations. 
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PAINT 714 

The Contractor may use any of the paint systems speci- 
fied for use on iron or steel in subsection 714.03.01 for 
painting aluminum, and shall submit to the Engineer for 
approval a letter indicating his choice of system as required 
for iron or steel. 
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SECTION 715 

GALVANIZING 

SCOPE 

715.01.01 Material Covered. This specification cov- 
ers the quality and thickness of galvanize used on various 
material when called for on the plans or designated in the 
specifications. 

PHYSICAL PROPERTIES AND TESTS 

715.03.01 Products One-eighth (4s) Inch Thick and 
Thicker. Galvanizing of products fabricated from rolled, 
pressed, and forged steel shapes, plates, bars, and strip 
shall conform to the requirements of ASTM Designation 
A123. 

715.03.02 Rail Elements. All rail elements shall be 
galvanized in accordance with AASHTO Designation 
M180, Type 1. 

7115.03.03 Hardware. Bolts, nuts, washers, ana fas- 
tenings shall be galvanized in accordance with the require- 
ments of ASTM Designation A153. 
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SECTION 716 

SIGN MATERIALS 

SCOPE 

716.01.01 Materials Covered. This specification cov- 
ers the kind and quality of materials used in the construc- 
tion and fabrication of “Construction Signs,” “Temporary 
Signs,” and “Permanent Signs.” 

REQUIREMENTS 

716.02.01 General. The following materials shall 
conform to the requirements as noted: 

Prano. «cient Concrete... eee Section 501 
meimtorcing Steel OVO SS DbIINS Jeo) 973 Ol TG) Section 505 

716.02.02 Certificates. It shall be the Contractor’s 
responsibility to ascertain that all required tests have been 
made by qualified testing laboratories as approved by the 
Department. The Contractor shall furnish the Engineer 
with a written certification that all required tests have been 
satisfactorily completed and that materials and fabrication 
thereof comply with all the requirements. 

All materials shall be approved prior to use. 

PHYSICAL PROPERTIES AND TESTS 

716.03.01 Reflective Sheeting. The reflective sheet- 
ing shall consist of spherical lens elements embedded within 
a transparent plastic having a smooth, flat outer surface 
(Type I); or spherical lens elements adhered to a synthetic 
resin and encapsulated by a flexible, transparent, weather- 
proof plastic having a smooth outer surface (Type II). All 
sheeting shall be weather resistant and shall have a pro- 
tected, pre-coated adhesive backing. 

Color tolerance shall be within the limits of the FHWA 
Color Tolerance Charts. The instrumental testing restric- 
tions noted on the FHWA Color Tolerance Charts relative 
to retroflective materials may be disregarded to the follow- 
ing extent: 

As an alternative to visual testing, instruments providing 
a system of diffuse illumination and unidirectional viewing 
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716 SIGN MATERIALS 

may be used as a preliminary means of establishing that the 
colors meet the required CIE limits. In the event of any 
dispute concerning the results of instrumental testing, the 
visual test shall prevail. 

The diffuse day color of the reflective sheeting shall con- 
form to the requirements of the CIE Chromaticity Coordi- 
nate Limits hereinafter specified and shall be determined in 
accordance with ASTM Designation: E97 “Standard 
Method of Test for 45-Deg. Directional Reflectance of 
Opaque Specimens by Filter Photometry.” (Geometric 
characteristics must be confined to illumination incident 
within 10 deg. of and centered about a direction forty-five 
(45) deg. from the perpendicular to the test surface; view- 
ing is within fifteen (15) deg. of and centered about the 
perpendicular to the test surface. Conditions of illumina- 
tion and observation must not be interchanged.) The stand- 
ards to be used for reference shall be the Munsell Papers. 
Papers must be recently calibrated on a spectrophotometer. 

The test instrument shall be one of the following: 
(a) Gardner multipurpose Reflectometer. 
(b) Gardner Model AC—2a Color Difference Meter. 
(c) Meeco Model V Colormaster. 
(d) Hunterlab D25 Color Difference Meter. 

The reflective sheeting shall include a pre-coated pres- 
sure sensitive adhesive or a tack free heat activated adhe- 
sive either of which shall be applied exactly as specified by 
the sheeting manufacturer to recommended, properly pre- 
pared flat surfaces without necessity of additional coats on 
the reflective sheeting or application surface. 

Type I Reflective Sheeting 

(a) Photometric Requirements. The reflective sheeting 
shall have the following minimum brightness values at 0.2 
degrees and 0.5 degrees and 1.5 degrees divergence 
expressed as average candlepower per square foot (cande- 
las per lux per square meter) of material. Measurements 
shall be conducted in accordance with standard testing pro- 
cedures for reflex-reflectors of Federal Specification L—S— 
300A, “Sheeting and Tape, Reflective, Nonexposed Lens 
Adhesive Backing,” paragraph 4.4.7 or as amended. 
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716 SIGN MATERIALS 
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716 SIGN MATERIALS 

(b) Wet Performance. The wet performance measure- 
ments shall be conducted in accordance with standard rain- 
fall tests specified in Federal Specification L-S—300A and 
the brightness of the reflective sheeting totally wet by rain 
shall not be less than ninety (90) percent of the preceding 
values. 

(c) Color. The diffuse day color of Type I reflective 
sheeting shall conform to the following: 
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716 SIGN MATERIALS 

(d) Lens Elements. The reflective sheeting shall possess 
stable and durable spherical lens elements which, follow- 
ing extraction, shall show no deterioration following sub- 
mersion in a 5N solution of sulphuric acid (H2SO,) for 
thirty (30) minutes at seventy-two (72) degrees Fahrenheit 
(twenty-three (23) degrees Centigrade). 

(e) Adhesive. The reflective sheeting shall include a 
pre-coated pressure sensitive adhesive or a tack-free heat 
activated adhesive, either of which may be applied without 
necessity of additional adhesive coats on the reflective 
sheeting or application surface. 

The protective liner attached to the adhesive shall be 
removed by peeling without soaking in water or other sol- 
vents and shall be easily removed after accelerated storage 
for four (4) hours at one hundred and fifty (150) degrees 
Fahrenheit (sixty-five (65) degrees Centigrade) under 
weight of 2.5 pounds per square inch (0.18 kg. per square 
cm.). 

The adhesive shall form a durable bond to smooth, cor- 
rosion and weather-resistant surfaces. The reflective sheet- 
ing, applied to cleaned and etched aluminum test paneis, 
shall adhere securely, forty-eight (48) hours after applica- 
tion, at temperatures of minus thirty (30) degrees to two 
hundred (200) degrees Fahrenheit (minus thirty-five (35) 
degrees Centigrade to ninety-three (93) degrees Centi- 
grade). The adhesive bond shall be sufficient to render the 
applied sheeting vandal-resistant and prevent its shocking 
off when jabbed with a spatula at minus ten (10) degrees 
Fahrenheit (minus twenty-three (23) degrees Centigrade). 
The sheeting shall resist peeling from the application sur- 
face when a 5 Ib./in. width (2.27 kg. per 2.54 cm. width) 
force is applied as outlined in ASTM Designation: D903. 

(f) Film. The reflective sheeting shall have sufficient 
strength and flexibility so that it can be handled, processed, 
and applied according to the recommendations of the 
sheeting manufacturer without appreciable stretching, tear- 
ing, or other damage. It shall permit application over and 
conformance to moderate, shallow embossing characteris- 
tics of certain sign borders and symbols. Following liner 
removal, the reflective sheeting shall not shrink more than 
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SIGN MATERIALS 716 

one thirty-second (142) inch (0.79 mm.) in ten (10) minutes 
nor more than one-eighth (1%) inch (3.18 mm.) in twenty- 
four (24) hours in any dimension per nine (9) inch (22.9 
cm.) square at seventy-two (72) degrees Fahrenheit (twenty- 

three (23) degrees Centigrade) and fifty (50) percent RH. 
The sheeting when applied according to manufacturer’s 

recommendations to cleaned and etched .020” x 2” x 8” 
(5.08 mm. x 5.0 cm. x 20.3 cm.) aluminum, conditioned 

(twenty-four (24) hours) and tested at seventy-two (72) 
degrees Fahrenheit and fifty (50) percent RH shall be suf- 
ficiently flexible to show no cracking when bent around a 
three-fourths (34) inch (19.05 mm.) mandrel. 

(g) Surface. The sheeting surface shall be smooth and 

flat, facilitate cleaning and wet performance, and exhibit 
eighty-five (85) degrees glossmeter rating of not less than 
forty (40) (ASTM Designation: D523). The sheeting sur- 

face shall be readily processed and compatible with recom- 
mended transparent and opaque process colors and show 
no loss of the color coat with normal handling, cutting, and 
application. 

The sheeting shall permit cutting and color processing at 
temperatures of sixty to one hundred (60-100) degrees 
Fahrenheit (fifteen to thirty-eight (15-38) degrees Centi- 
grade) and relative humidities of twenty to eighty (20-80) 
percent. The sheeting shall be heat-resistant and permit 
force curing without staining of unapplied sheeting at tem- 
peratures up to one hundred fifty (150) degrees Fahrenheit 
(sixty-five (65) degrees Centigrade) and up to two hundred 
(200) degrees Fahrenheit (ninety-three (93) degrees Centi- 
grade) on applied sheeting. The sheeting surface shall be 
solvent resistant such that it may be cleaned with gasoline, 
V.M. & P. naphtha, mineral spirits, turpentine, methanol 
and xylol. 

(h) Durability. Reflective sheetings, processed, applied 
to approved sign base materials, and cleaned, in accord- 
ance with manufacturer’s recommendations for their use 
on traffic control signs shall be capable of performing sat- 
isfactorily for the number of years stated in Table I if the 
sheetings have not deteriorated due to natural causes 
to the extent that: (1) the sign is ineffective for its intended 
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716 SIGN MATERIALS 

purpose when viewed from a vehicle, or (2) the average 
nighttime reflective brightness is less than that specified in 
Table I. 

TABLE I—Type I 

Average min. candlepower 
per foot candle per sq. Satisfactory 
ft. at 0.2° divergence Performance 

Sheeting Color and —4° incidence Life 

Silver-White No. 1............ 30 7 years 
Silver-White No. 2............ 36 7 years 
Velloyees ts Sere ee 20 7 years 
REGHAUE, DL Rete 5 7 years 
BlUGhs..cpotectit eee 2 7 years 
Gréenl Oni. 20. Mi2A 3 7 years 
Orarige;..bek..conectio) 10 3 years 

Type II Reflective Sheeting 

(a) Photometric Requirements. The reflective sheeting 
shall have the following minimum brightness values at .2°, 
9°, and 1.5° divergence expressed as average candlepower 
per foot-candle per square foot (candelas per lux per 
Square meter) of material. Measurements shall be con- 
ducted in accordance with standard photometric testing 
procedures for reflex-reflectors, paragraph 4.4.7 of Fed- 
eral Specification L-S—300A, “Sheeting and Tape, Reflec- 
tive; Non-exposed Lens Adhesive Backing” or as amended. 
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‘716 SIGN MATERIALS 

(b) Wet Performance. Wet performance measurements 
shall be conducted in accordance with standard rainfall test 
specified in Federal Specification L-S—300A and the bright- 
ness of the reflective sheeting, totally wet by rain, shall not 
be less than ninety (90) percent of the above values. 

(c) Color. The diffuse day color of Type II reflective 
sheeting shall conform to the following: 
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716 SIGN MATERIALS 

(d) Lens Elements. The reflective sheeting shall possess 
stable and durable spherical lens elements which, following 
extraction, shall show no deterioration following submer- 
sion in a 5N solution of sulphuric acid (H2SO0,O) for thirty 
(30) minutes at seventy-two (72) degrees Fahrenheit 
(twenty-three (23) degrees Centigrade). 

(e) Adhesive. The reflective sheeting shall include a 
pre-coated pressure sensitive adhesive or a tack free heat 
activated adhesive either of which shall be applied exactly 
as specified by the sheeting manufacturer to recommended, 
properly prepared flat surfaces without necessity of addi- 
tional adhesive coats on the reflective or application sur- 
face. 

The protective liner attached to the adhesive shall be 
removed by peeling without soaking in water or other sol- 
vents and shall be easily removed after accelerated storage 
for four (4) hours at one hundred and fifty (150) degrees 
Fahrenheit (sixty-five (65) degrees Centigrade) under 
weight of 2.5 pounds per square inch (0.18 kg. per square 
cm.). 

The adhesive shall form a durable bond to smooth, cor- 
rosion and weather resistant surfaces. The reflective sheet- 
ing, applied to cleaned and etched aluminum test panels, 
shall adhere securely, forty-eight (48) hours after applica- 
tion, at all normal application temperatures up to one hun- 
dred and fifty (150) degrees Fahrenheit (ninety-three (93) 
degrees Centigrade) after the panels are conditioned for 
twenty-four (24) hours at minus ten (10) degrees Fahren- 
heit (minus thirty-five (35) degrees Centigrade), the adhe- 

sive bond shall be sufficient to render the applied sheeting 
vandal-resistant and show no cracking when the surface of 
the reflective sheeting is exposed to the impact of a two (2) 
pound (0.9 kg.) weight with a five-eighths (58) inch (15.9 
mm.) rounded tip dropped from a ten (10) inch pound 
(11.4 cm.kg.) setting on a Gardner Variable Impact Tester, 
IG-—1120M. The sheeting shall resist peeling from the 
application surface when a five (5) lb./in. width (2.27 kg. 
per 2.54 cm. width) force is applied as outlined in ASTM 
Designation: D903. » 

(f) Film. The reflective sheeting shall have sufficient 
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SIGN MATERIALS 716 

_ strength and flexibility so that it can be handled, processed, 
and applied according to the recommendations of the 

_ sheeting manufacturer without appreciable damage. Fol- 
lowing liner removal, the reflective sheeting shall not 
shrink more than one sixty-fourth (4,4) inch (0.40 mm.) 
in twenty-four (24) hours in any dimension per nine (9) 
inch (22.9 cm.) square at seventy-two (72) degrees Fahren- 

heit, (twenty-three (23) degrees Centigrade) and fifty (50) 

percent RH. 
The sheeting with liner removed, conditioned for twenty- 

four (24) hours at seventy-two (72) degrees Fahrenheit 
and fifty (50) percent RH shall be sufficiently flexible to 
show no cracking when bent around one-eighth (14%) inch 
(3.18 mm.) mandrel with adhesive side contacting mandrel. 
Note: For ease of testing, spread talcum powder on adhe- 
Sive to prevent sticking to mandrel. 

(g) Surface. The sheeting surface shall be smooth and 
facilitate cleaning and wet performance, and exhibit eighty- 
five (85) degrees gloss meter rating of not less than fifty 
(50) (ASTM Designation: D523). The surface of the sheet- 
ing with the heat activated adhesive shall be readily 
processed in accordance with recommendations of the 
sheeting manufacturer, compatible with recommended 
transparent and opaque process colors and show no loss 
of the color coat with normal handling, cutting, and appli- 
cation. 

The sheeting shall permit cutting and color processing 
at temperatures of sixty (60) degrees, minus one hundred 

(100) degrees Fahrenheit (fifteen (15) degrees, minus 
thirty-nine (39) degrees Centigrade) and relative humidi- 
ties of twenty to eighty (20-80) percent. The sheeting sur- 
face shall permit cleaning by wiping with a clean soft rag 
dampened in V.M. & P. naphtha or mineral spirits. 

(h) Impact Resistance. The sheeting, applied accord- 
ing to manufacturer’s recommendations to cleaned etched 
0.40” x 3” x 5” (1 mm. x 7.6 cm. 12.7 cm.) aluminum 
(6061—T6) and conditioned for twenty-four (24) hours at 
seventy-two (72) degrees Fahrenheit (twenty-three (23 
degrees Centigrade) and fifty (S50) percent humidity shall 
show no cracking when face of panel is subjected to impact 
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of a two pound (0.9 kg.) weight with five-eighths (%%) inch 
(15.9 mm.) rounded tip at ten (10) inch pound (11.4 cm. 
kg.) setting on a Gardner Variable Impact Tester (IG- 
1120). 

(i) Durability. Reflective sheetings, processed, applied 
to approved sign base materials, and cleaned, in accord- 
ance with manufacturer’s recommendations for their use 
on traffic control signs, shall be capable of performing 
satisfactorily for the number of years stated in Table II 
if the sheetings have not deteriorated due to natural causes 
to the extent that: (1) the sign is ineffective for its intended 
purpose when viewed from a vehicle, or (2) the average 
nighttime reflective brightness is less than that specified in 
Table IT. 

TABLE I—Type Il 

Average min. candlepower 
per foot-candle per sq. Satisfactory 

Sheeting ft. at 0.2° divergence Performance 
Color and —4° incidence Life 

SHVer-W Ute eee eee eee 200 10 
Green. 282 30 9281102 Sad) ACACS 24 10 

Yellow: ..d0-4thesigh slitgedion a iby 120 10 
nT ee eS ae ae Peres Cee Fe ee 28 5 
BLT PR a II IE Se Ie Oe Th 48 3 

716.03.02 Porcelain Enamel Sign Faces. Porcelain 
enamel signs shall be furnished with porcelain enamel 
especially formulated for use in the manufacture of porce- 
lain enamel signs. The porcelain enamel shall be of 
inorganic material substance and fired for such duration 
and in such temperatures as will fuse the porcelain enamel 
to the metal to produce the proper gloss and color. These 
temperatures shall be within the range of one thousand 
three hundred (1,300) and one thousand six hundred 
(1,600) degrees Fahrenheit. The porcelain enamel shall 

be of weather resistant type that will stand weathering 
effects of normal atmosphere. Finish surface shall have a 
reading of between fifty (50) and seventy (70) maximum 
units, as measured on a gloss meter when read at forty-five 
(45) degrees angle, ASTM Designation: C—346. 

Signs shall be coated on both faces and edges with one 
ground coat of porcelain enamel fused to the metal at 
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temperature within the range of one thousand three hun- 
dred (1,300) to one thousand six hundred (1,600) degrees 
Fahrenheit. Over both faces shall be applied such succeed- 
ing coats as may be necessary, so fused as to produce a 
single integral sign. Sign backs shall have one cover coat of 
porcelain enamel in addition to the ground coat which shall 
be of the same color as the background of the sign face. 

The maximum coating thickness shall not exceed 0.020 
inch unless the specified color design calls for three or 
more coatings in which case the maximum coating thick- 
ness shall not exceed 0.028 inch on the face of the sign 
carrying letters. The thickness on each face of double face 
signs shall not exceed 0.028 inch. Coating thickness shall 
be determined by a suitable thickness gage having an 
accuracy of 0.001 inch. 

716.03.03 Aluminum Sign Panels (for Reflective 
Sheeting. Sheet aluminum for sign panels shall be of 
0.125 inch aluminum alloy alclad 5155—H36 or 6061-T6 
and shall conform to specifications for ASTM Designation: 
B209. 

Sign panel sections shall be fabricated of standard width 
aluminum sheets not less than four (4) feet wide, except 
that not more than two (2) sheets for any one sign may be 
cut not less than eighteen (18) inches in width, so as to 
provide sign widths to nearest six (6) inch increments. 
Panel sections shall run from the top edge to the bottom 
edge of the sign without horizontal joints. 

The aluminum shall be free of all corrosion, white rust, 
and dirt. All sign dimensions, metal gage, and bolt holes 
shall conform to the requirements set forth on the plans 
and in these specifications. Metal degreasing will be 
required on all sheet aluminum and shall be performed by 
one of the following methods: 

(a) Vapor degreasing. Signs shall be completely 
immersed in a saturated vapor of trichlorethylene or 
perchlorethylene. Trade mark printing shall be removed 
with lacquer thinner or a controlled alkaline cleaning sys- 
tem, and rinsed thoroughly with running water. 

(b) Alkaline degreasing. Signs shall be completely 
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immersed in a tank containing alkaline solutions controlled 
and titrated to the solution manufacturer’s specification. 
Immersion time shall depend upon the amount of soil to be 
removed. Signs shall then be thoroughly rinsed with run- 
ning water. 

Whenever reflective sheeting is required on the sign, the 
aluminum shall be etched by one of the following methods: 

1. Acid etch. The aluminum shall be well-etched 
in a six (6) to eight (8) percent phosphoric acid solution 
at one hundred (100) degrees Fahrenheit and rinsed 
thoroughly with running cold water, followed with a hot 
water tank rinse. 

2. Alkaline etch. Etch well the pre-cleaned alumi- 
num in an alkaline etching material that is controlled by 
titration. Time, temperature, and concentration shall be as 

specified by the solution manufacturer. Smut shall be 
removed with an acidic, chromium compound type solu- 
tion as specified by the solution manufacturer and the sign 
then rinsed thoroughly. 

3. The surface etch shall provide a clean, mat, non- 
shine or non-glare finish suitable for the application of 
paint or sheeting and for the unpainted back or reverse 
side of highway signs. 

After the degreasing and etching process, the aluminum 
shall be dried by use of a forced air drier. 

Metal shall not be handled, except by device or clean 
canvas gloves between all cleaning operations and the 
application of the sign background material. There shall be 
no opportunity for the aluminum to come in contact with 
greases, oils, or other contaminants prior to the applica- 
tion of the background material. 

Fabrication of all metal parts shall be accomplished in 
a uniform and workmanlike manner. All fabrication, 
including cutting, shall be completed prior to the cleaning 
process. Metal panels shall be cut to size and shape and 
shall be free of buckles, warp, dents, cockles, burrs, and 
other defects resulting from fabrication. The surface of all 
sign panels shall be a plane surface. 

882 



~SIGN MATERIALS 716 

716.03.04 Steel Sign Panels (for Porcelain Enamel). 
Panels shall be carbon-steel sheets conforming to the speci- 
fications of ASTM Designation: A245, Grade C, or of 
ASTM Designation: A283, Grade D. Sheet steel for sign 
panels shall be of 18 gage “Enameling iron or steel” 
commercially identified, manufactured and processed for 
production of porcelain enameled signs. If the Contractor 
proposes other metal, Department of Highways shall be 
notified and must approve in writing the substitute prior 
to fabrication. The sheet shall be free of dents and other 
surface defects. 

Sign panel sections shall be fabricated of standard width 
sheets not less than four (4) feet wide, except that not 
more than two (2) sheets for any one sign may be cut not 
less than two (2) feet in width, so as to provide sign widths 
to nearest six (6) inch increments. Panel sections shall run 

from top edge to the bottom edge of the sign without hor- 
izontal joints. 

Fabrication of all metal parts is to be performed in a 
uniform and workmanlike manner. All iron and steel 
fabrication including shearing, cutting and hole-punching, 
shall be performed prior to enameling. All sign surfaces 
and edges shall be free of defect resulting from fabrication. 
All sizes indicated on the drawings are punched size before 
enameling. All porcelain enamel as applied to steel sheet- 
ing shall not spall or peel from the base metal. 

716.03.05 Overhead Sign Structures and Sign Frames. 
The materials used in the fabrication of overhead sign 
structures and footings shall conform to the following 
requirements: 

(a) Sign frames. Bars, plates, and shapes shall be 
structural steel conforming to the specifications of ASTM 
Designation: A36. 

(b) Sign pipe posts. Pipe posts shall be welded or 
seamless steel pipe conforming to the specifications of 
ASTM Designation: A53, Grade B. At the option of the 
Contractor, posts may be fabricated from structural steel 

conforming to the specifications of ASTM Designation: 
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A36 or of ASTM Designation: A283, Grade D, except 
that plates more than one (1) inch in thickness shall be 
structural steel conforming to the specifications of ASTM 
Designation: A373. 

(c) Sign steel walkway gratings. Steel walkway gratings 
shall be furnished and installed in accordance with details 
shown on the plans and the following provisions: 

1. Gratings shall be the standard product of an 
established grating manufacturer. 

2. Material for gratings shall be structural steel con- 
forming to the specifications of ASTM Designation: A36. 

3. For welded type gratings, each joint shall be 
full resistance welded under pressure to provide a sound, 
completely beaded joint. 

4. For mechanically locked gratings, the method of 
fabrication and interlocking of the members shall be 
approved by the Engineer, and the fabricated grating shall 
be equal in strength to the welded type. 

5. After fabrication, gratings shall be hot-dip gal- 
vanized. 

6. Gratings shall be accurately fabricated and free 
from warps, twists, or other defects affecting their appear- 
ance or serviceability. Ends of all rectangular panels shall 
be square. The tops of the bearing bars and cross members 
shall be in the same plane. Gratings distorted by the gal- 
vanizing process shall be straightened. 

(d) Bolts and Nuts. Bolts and nuts shall conform to 
the specifications of ASTM Designation: A307. Bolted 
connections shall conform to the provisions in subsection 
506.03.10, “Bolts and Bolted Connections.” 

(e) Bearing plates and gusset or stiffener plates shall be 
of the sizes and dimensions shown on the plans and shall 
be galvanized after fabrication. Steel shall conform to 
ASTM Designation: A36. Galvanizing shall conform to 
ASTM Designation: A123. All welding shall conform 
to the requirements set forth in subsection 506.03.20, 
“Welding.” 

(f) Anchor bolts, nuts and washers shall be of structural 
carbon steel conforming to Section 710, “Structural and 
Eyebar Steel,” and shall be galvanized in accordance with 
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ASTM Designation: A153, or cadmium plated in accord- 
ance with ASTM Designation: A165 Type TS. The top por- 
tion of anchor bolts shall be galvanized or cadmium plated 
to such extent that the galvanized or cadmium plated por- 
tion will extend at least two (2) inches into concrete. 
Anchor bolts shall be of the size, shape and length as 
shown on the plans. 

(g) All bolts, nuts, clamps and metal washers not other- 
wise noted shall be galvanized or cadmium plated. Cad- 
mium plating shall conform to the specifications of ASTM 
Designation: A165, minimum thickness as prescribed for 
grade Type TS and galvanizing shall conform to the 
requirements of ASTM Designation: A153. 

(h) Steel sign panels shall be mounted using one-fourth 
inch by twenty (14” x 20) flat head, brass machine screws 
with a No. 14 brass, nickel plated, asbestos backed, finish- 
ing washer and one brass nut with a flat brass washer and 
lock washer for each machine screw. Lock washers shall 
be plain phosphor bronze or beryllium copper, shakeproof 
and externally toothed. Where obstructions prevent the 
normal installation of nuts, the frame shall be drilled and 
tapped to accept the screw. The exposed portion of fasten- 
ing hardware on the face of the sign panels shall be 
painted out using commercial quality touch-up enamel that 
matches the background. 

(i) Supporting frame shall be manufactured in accord- 
ance with the plans and in accordance with the require- 
ments herein specified. All metal parts shall be galvanized 
after fabrication, in accordance with the provisions of 
Section 715. When permission is granted by the Engineer 
to zinc coat a surface by means other than hot-dip gal- 
vanizing, the metalizing process shall be used to place the 
zinc. Metalizing shall be performed in accordance with the 
AWS Specifications and the thickness of the sprayed zinc 
coat shall be at least 5 mils. 

(j) Truss frames shall be fabricated to the largest prac- 
tical sections prior to galvanizing. Splice locations shall be 
submitted to the Engineer for approval and the Contractor 
shall not commence fabrication until such splice locations 
are approved. 
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(k) All welding in the fabrication of the structure shall 
be done by welders qualified in accordance with AWS 
requirements using the inert-gas shielded-arc method. All 
welds shall be free of cracks, blow holes and other irreg- 
ularities and shall be wire brushed or otherwise cleaned 
and all the work shall be done in a neat and workmanlike 
manner. No field welding on any part of the structural 
assembly will be permitted. 

Note: Before fabrication is started, five (5) sets of shop 
drawings for each overhead sign structure shall be sub- 
mitted to the Engineer for approval. 

716.03.06 Sign Hardware and Related Materials. 
Bearing plates and gusset or stiffener plates shall be of the 
sizes and dimensions shown on the plans and shall be 
galvanized after fabrication. Steel shall conform to ASTM 
Designation: A36. Galvanizing shall conform to ASTM 
Designation: A123. All welding shall conform to the 
requirements set forth in subsection 506.03.20, “Welding.” 

All bolts, nuts, clamps and metal washers shall be of 
structural, carbon steel conforming to Section 710 and 
may be galvanized or cadmium plated as hereinafter stated. 

Anchor bolts, nuts and washers shall be of structural 
carbon steel conforming to Section 710, “Structural and 
Eyebar Steel,” and shall be galvanized in accordance with 
ASTM Designation: A153, or cadmium plated in accord- 
ance with ASTM Designation: A165 Type TS. The top 
portion of anchor bolts shall be galvanized or cadmium 
plated to such extent that the galvanized or cadmium 
plated portion will extend at least two (2) inches into 
concrete. Anchor bolts shall be of the size, shape and 
length as shown on the plans. 

Aluminum alloy tubular stiffeners shall be schedule 40 
pipe fabricated of 6061—T6 aluminum alloy and shall 
conform to the specifications of ASTM Designation: B241. 

Steel pipe for posts shall conform to the specifications 
of ASTM Designation: A 120 and shall be galvanized. 

Galvanized steel pipe posts shall be of the diameter and 
length shown on the plans. The top of the posts shall be 
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fitted with a cover. Posts showing damage shall be repaired 
or rejected. 

The straps, bars and braces used on single support 
signs shall be of aluminum alloy 6061—T6 and shall con- 
form to ASTM Designation: B209. 

Stringers for horizontal supporting structural members 
shall be of 6061—T6 or 6062-T6 aluminum alloy and 
shall conform to ASTM Designation: B308, Alloy GS11A. 

All bolts, nuts, clamps and metal washers in contact 
with aluminum shall be cadmium plated. All other bolts, 
nuts, clamps and metal washers shall be galvanized or 
cadmium plated. Cadmium plating shall conform to the 
specifications of ASTM Designation: A165, minimum 
thickness as prescribed for grade Type TS and galvanizing 
shall conform to the requirements of ASTM Designation: 
A153. 

Wood posts and braces for sign supports shall be con- 
structed of Douglas Fir, West Coast Hemlock, or any other 
equivalent stress rated wood material, at the option of the 
contractor. Said wood material shall be construction grade, 
free of heart center, minimum stress rating of 1200f, and 
shall be graded in accordance with the provisions con- 
tained in Section 718. Sweep shall not exceed 0.08 feet in 
10 feet. 

The expansion assembly for fastening the aluminum 
tubing to the aluminum Z-bars shall be manufactured of 
a zinc die casting alloy which contains copper, aluminum 
and magnesium. The anchor bolt for the expansion assem- 
bly shall be cadmium plated and shall conform to the 
specifications of ASTM Designation: A165, minimum 
thickness as prescribed for grade Type TS. 
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SECTION 717 

TIMBER PILES 

SCOPE 

717.01.01 Materials Covered. This specification cov- 
ers the quality of round timber piles. 

REQUIREMENTS 

717.02.01 Certificates. Inspection certificates shall 
_ be furnished without extra charge with each shipment of 

timber piles. These certificates shall be issued by the 
inspection agency under whose rules the material was 
manufactured and graded. 

Timber piles to be treated shall be inspected prior to 
treatment by an inspector designated by the Engineer. The 
inspector shall stamp each pile on the butt end with a 
stamp which shall make an impression that is readily 
legible after treatment. The stamp shall be copyrighted 
and a true impression filed with the Department of High- 
ways. 

PHYSICAL PROPERTIES AND TESTS 

717.03.01 General. Timber piles shall conform to 
the requirement of ASTM Designation D25. 
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SECTION 718 

TIMBER 

SCOPE 

718.01.01 Materials Covered. This specification cov- 
ers the quality requirements for structural timber, lumber, 
guardrail posts, markers, and miscellaneous items. 

REQUIREMENTS 

718.02.01 Grades. Grades furnished shall be as 
noted on the plans or in the special provisions. 

718.02.02 Certificates of Inspection. Inspection cer- 
tificates shall be furnished without extra charge with each 
shipment of timber. These certificates shall be issued by 
the inspection agency under whose rules the material was 
manufactured and graded. 

PHYSICAL PROPERTIES AND TESTS 

718.03.01 Species. The standard commercial and 
botanical names recognized by these specifications are 
described as follows: 

Standard Commercial Name Botanical Name 

Cedar ror. Oriora so ee Chamaecyparis lawsoniana 
ite JOUslAss( COASt ace ee ee ee Pseudotsuga taxifolia 

(coast type) 
Dis LOOP IAS Simon ike gs ee Pseudotsuga taxifolia 

(inter-mountain type) 
BICTIOCK avy CSt OAs see ee Tsuga Heterophylla 
| Bese) tear seater thd 4 thd ie Ae aed Lene ne ete hee es oA Larix Occidantalis 
BEGWOOG CATION IAs neces ce et see seed oe Sequoia sempervirens 

718.03.02 Grades. Structural timber and lumber 
shall meet the requirements for the numerical stress shown 
on the plans, or as may be otherwise specified, when 
graded by rules developed in accordance with AASHTO 
M168. Any commercial grading rules that will provide 
material of an equal or greater stress value may be used. 
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718 TIMBER 

The West Coast Lumber Inspection Bureau and the 
Western Wood Products Association grading rules shall 
be included as grading rules which may be used. Grading 
rules in effect on the date of advertisement of bids shall 
govern. 

Guardrail posts and blocks shall meet the following 
requirements: 

Douglas Fir or Western Larch shall conform to the 
requirements for “No. 1 Structural,” grade as set forth in 
paragraph 131-b of the grading rules of the West Coast 
Lumber Inspection Bureau or paragraph 80.11 of the 
grading rules of the Western Wood Products Association. 

West Coast Hemlock shall conform to the requirements 
for “Select Structural,” grade as set forth in paragraph 
131-a of the grading rules of the West Coast Lumber 
Inspection Bureau or paragraph 80.10 of the grading rules 
of Western Wood Products Association. 
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SECTION 719 

TIMBER PRESERVATIVES 

SCOPE 

719.01.01 Materials Covered. ‘This specification cov- 
ers the type and quality of materials used in the preserva- 
tive treatment of timber. 

PHYSICAL PROPERTIES AND TESTS 

719.03.01 Preservatives. Timber preservatives shall 
conform to the requirements of AASHTO M133. 
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SECTION 720 

GUARDRAIL MATERIALS 

SCOPE 

720.01.01 Materials Covered. This specification cov- 
ers the quality and kind of material used in the construc- 
tion of guardrail. 

REQUIREMENTS 

720.02.01 Certificates. Two certified copies of mill 
test reports showing the chemical and physical character- 
istics from each heat from which metal is used shall be 
furnished by the Contractor. 

Certificates for wood posts shall be furnished in accord- 
ance with subsection 718.02.02, “Certificates of Inspec- 
tion.” 

Rail members, bolts, nuts, and other fittings shall be 
interchangeable with similar parts regardless of source. 

PHYSICAL PROPERTIES AND TESTS 

720.03.01 Rail Members. The beam-type members, 
comprising rail members and end or terminal pieces, shall 
be formed from (1) open-hearth, basic oxygen, or electric- 
furnace steel sheets, galvanized after fabrication, or (2) 

aluminum alloy sheets as the Contractor may elect. The 
thickness of steel sheets before galvanizing, and the thick- 
ness of aluminum sheets shall be not less than 0.100 inch 
(nominal 12 gage and allowing for tolerances). The metal 
in the members shall meet the minimum requirements of 
the following table: 

Strength Requirements for Beam-Type Rail Members 

Rail End Piece 

Ultimate Tensile Strength............2........ SENO0O PsA PULLALIS 
Yield Point Strength. vcc:2..zcc208..lejins-nek 25,000 p.s.i. 
Elongation in Two-Inch Gage Length.. 12 percent ——.............. 
Total Ultimate Strength at Splices....... 80,000 Ibs. 80,000 Ibs. 
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Steel members shall be galvanized in accordance with 
Section 715, “Galvanizing.” 

720.03.02 Fittings. All bolts, nuts, washers, and 

other fittings for beam-type guardrail shall be steel and 
of a quality adequate to develop the specified strength of 
rail splices and to provide a post connection withstanding 
a five thousand (5,000) pound side pull in either direction. 

All bolts, nuts, and washers shall be five-eighths (%) 
inch size. Bolts shall be buttonhead style and nuts shall 
be hexagonal. Bolts and nuts shall be coarse-threaded 
(11 per inch), with nuts tapped oversize not to exceed 
one thirty-second (145) inch. Outside dimensions of bolt- 
heads, nuts and washers shall have the following mini- 
mums: boltheads, one and one-fourth (114) inches; nuts, 

fifteen-sixteenths (154.) inch; and washers, one and one- 
half (112) inches. Splice bolts shall be one and one-fourth 
(1%) inches in length, and post connection bolts shall be 
of lengths required to fit the post dimension and extend 
beyond the tightened nuts thereon within limits of one- 
fourth (4) to one-half (#2) inch. Washers, one-eighth (4) 
inch thick, shall be provided for use under nuts on all post 

bolts, and under any nut which has a width of less than 
one and one-sixteenth (114 ¢) inches. 

All fittings shall be galvanized in accordance with Sec- 
tion 715, “Galvanizing.” 

720.03.03 Reflector Plates. Reflector plates shall be 
fabricated from eleven (11) gage steel sheet or 0.148 inch 
thick aluminum sheet alloy 6061—-T6. Nails for fastening 
reflector plates to the guardrail post shall be either gal- 
vanized metal or aluminum. Steel reflector plates shall be 
galvanized. Reflectorized material for reflector plates shall 
conform to the requirements of subsection 721.03.03, 
“Reflectors.” 

720.03.04 Cable End Anchor Assemblies. Cable end 

anchor assemblies for metal beam guard railing shall con- 
form to the following provisions: 
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The anchor plate shall be fabricated of steel conforming 
to the specifications of ASTM Designation: A36. 

The anchor rod shall be fabricated of steel conforming 
to the specifications of ASTM Designation: A575 or A576, 
Grade 1020. The eye may be drop forged or formed with 
a full penetration weld. The eye shall develop one hundred 
(100) percent of the rod strength. 

All bolts and nuts shall conform to the specifications of 
ASTM Designation: A307, and be galvanized in accord- 
ance with the provisions in Section 715. 

Anchor cable shall be three-fourths (34) inch preformed, 

six (6) by nineteen (19), wire strand core or independent 
wire rope core (IWRC), galvanized, right regular lay, 
manufactured of improved plow steel with a minimum 
breaking strength of 21.4 tons. Two certified copies of 
mill test reports of each manufactured length of cable used 
shall be furnished to the Engineer. 

Thimbles shall be commercial quality, galvanized steel. 
Cable clips shall be commercial quality drop forged gal- 
vanized steel. 

The swaged fitting and stud assembly shall be of steel 
conforming to the requirements of American Iron and 
Steel Institute Designation: C1035, and shall be annealed, 
galvanized, suitable for cold swaging. The swaged fitting 
and stud assembly shall develop one hundred (100) percent 
of the breaking strength of the cable. 

One sample of cable properly fitted with swaged fitting 
and right hand thread stud at both ends as specified above, 
three (3) feet in total length, shall be furnished the Engi- 
neer for testing. 
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SECTION 721 

OBJECT MARKERS AND GUIDE POSTS 

SCOPE 

721.01.01 Materials Covered. ‘This specification cov- 
ers the quality and kind of materials used in the construc- 
tion of object markers and guide posts. 

REQUIREMENTS 

721.02.01 Certificates. Without expense to the 
Department, two certificates covering each order of mate- 
rial (plates, reflectors, and posts) shall be furnished by the 
manufacturer, certifying that the product complies with the 
specifications. Certificates shall be delivered to the Engi- 
neer in charge at the jobsite at the time of, or prior to, 
delivery of the order. 

For steel used in posts, the Contractor shall furnish two 
certified copies of mill test reports showing the chemical 
and physical characteristics from each heat. 

PHYSICAL PROPERTIES AND TESTS 

721.03.01 Metal Posts. Posts shall be steel conform- 
ing to ASTM Designation A570 Grade C. 

Metal posts shall be galvanized in accordance with Sec- 
tion 715, “Galvanizing.” 

721.03.02 Target Plates. (a) Base Metal. Base metal 
for target plates shall be zinc-coated steel sheet or alumi- 
num sheet. 

The zinc-coated steel sheet shall comply with Federal 
Specification QQ-S—775 Steel Sheet, carbon, zinc-coated 
Type 1, Classes d and e, except that the zinc-coated sur- 
face shall withstand a one hundred eighty (180) degree 
bend on itself at room temperature without flaking the 
coating. The zinc-coated surface shall be prepared for 
painting by the application of phosphate coating. Surface 
preparation shall conform to the following requirements: 
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The phosphatizing process shall be accomplished without 
damaging or removing the galvanized coating from the 
steel base metal. Any evidence of damage or removal of 
the zinc coating shall be cause for rejection of the entire 
lot. 

The aluminum sheet shall be prepared for painting with 
a chemical conversion coating conforming to the require- 
ments of Federal Specification MIL—C-—5541. The coating 
shall be applied in accordance with the manufacturer’s 
specifications and recommended sequence of operation. 
Two copies of certified mill tests of the aluminum sheets 
shall be furnished to the Engineer. 

Target plates shall be fabricated from 20 gage steel sheet 
or 0.050 inch thick aluminum sheet, alloy 3005—H14. 

Fabrication of all metal parts shall be accomplished in 
a uniform and workmanlike manner. Plates shall be cut to 
size and shape and the holes punched for mounting bolts 
and reflectors in accordance with the details shown on the 
plans. Surfaces and edges of the plates shall be free from 
defects resulting from fabrication. 

(b) Paint. ‘Target plates shall have satisfactory paint 
adherence. 

The plates shall be coated with baked enamel conform- 
ing to the following provisions: 

The enamel finish coat for plates shall comply in all 
respects with the requirements of Federal Specification TT- 
E-489, Class B baking type enamel, with the added 
requirement that the yellowness index of the white enamel 
shall not exceed 0.08 when tested in accordance with Fed- 
eral Test Method Standard No. 141, Method 6131. 

Application of the baking enamel may be by spray, 
roller, or dip, at the option of the manufacturer. Other 
methods may be used provided they are approved prior to 
use. The dry film thickness of the baked enamel coating on 
the galvanized steel plates shall be not less than 2.0 mils 
on both front and back surfaces. The dry film thickness 
on both front and back surfaces of the aluminum plates 
shall be not less than 1.5 mils on each side if enamel is 
applied by spray or dip method and not less than 1.0 mil if 
enamel is applied by continuous roller coat method. 
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The coating shall be uniform throughout and shall be 
smooth and free from flow lines, streaks, blisters, or other 
surface imperfections. 

The finished plates shall be free from dents and defects. 
The maximum surface deviation from a horizontal plane 
on which the finished plate lies shall not exceed 0.25 inch. 

721.03.03 Reflectors. (a) Photometric Requirements. 
Each reflective delineator shall have the following mini- 
mum brightness values at two (2) degrees divergence 
expressed as candlepower per foot-candle. Measurements 
shall be conducted in accordance with standard photo- 
metric testing procedures for reflex reflectors of the Society 
of Automotive Engineers.. 

Angle of Incidence -—SILVER- WHITE -——YELLOW——. 

Divergence Angle pe aS) 2. 5 

Lgl it SU ol I pte ale Meee pt ale 9.0 3.8 shee 2 
TpeDépreeshh ise kee 8.0 3.4 4.4 2.0 

SO Decrees tienes Jere... 5.4 2.9 2:1 ) Fe. 
AU eCTECS et ee oa 2.6 1.1 1.0 0.5 

The brightness of the reflective sheeting, totally wet by 
rain, shall not be less than ninety (90) percent of the above 
values. Wet performance measurements shall be conducted 
in conformance with standard rainfall tests specified in 
Military Specification MIL—R-13689A, or as amended. 

(b) Durability. The delineator surface may be readily 
refurbished by cleaning and clear overcoating in accord- 
ance with the manufacturer’s recommendations. 
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SECTION 722 

WATER 

SCOPE 

722.01.01 Material Covered. This specification cov- 
ers the quality of water for use in preparing cement concrete 
or soil-cement mixtures, and for wetting embankment, 
backfill, subgrade, and gravel base and surfacing courses. 

REQUIREMENTS 

722.02.01 General. All water for embankments, back- 
fill, subgrade, gravel base, landscaping, and surface courses 
and cement concrete curing shall be free from an excessive 
amount of acids, alkali, oil, and other substances which, in 
the opinion of the Engineer, will cause damage to the 
above mentioned items. 

PHYSICAL PROPERTIES AND TESTS 

722.03.01 Concrete Use. Samples submitted for tests 
shall each consist of two (2) quarts of water, obtained and 

shipped in clean glass containers carefully packed and 
labeled. Tests shall be made in accordance with AASHTO 
Designation: T26, Standard Method of test for quality of 
water to be used in concrete. 

Any indication of unsoundness, marked change in time 
of setting, or a reduction of more than ten (10) percent in 
strength from results obtained with concrete mixtures con- 
taining the water of satisfactory quality shall be sufficient 
cause for rejection of the water under tests. 
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SECTION 723 

HARDWARE 

SCOPE 

723.01.01 Materials Covered. This specification cov- 
ers the quality of bolts, nuts, washers, drift pins, dowels, 
nails, spikes, and other metal fastenings. 

PHYSICAL PROPERTIES AND TESTS 

723.03.01 Galvanizing. Galvanizing, when required, 
shall meet the current Specification for Zinc Coating (Hot- 
Dip) on Iron and Steel Hardware, ASTM Designation 

A153. 

723.03.02 Bolts, Nuts, Dowels, and Drift Bolts. 

Bolts, nuts, dowels, and drift bolts shall conform to the 
requirements of the current Specification for Steel Machine 
Bolts and Nuts and Tap Bolts, ASTM Designation A307, 
Grade A, unless otherwise specified. 

723.03.03 Washers. Cast washers shall be of cast 
iron of the O-gee type. The diameter shall be not less than 
three and one-half (32) times the diameter of the bolts for 

which it is used. The diameter of the hole shall be one- 
eighth (1%) inch larger than the diameter of the bolt. 

Flat malleable washers shall be of malleable iron with 
ribs properly proportioned to develop the full strength of 
the bolt and, unless otherwise shown on the plans, the 
diameter shall be not less than three and one-half (312) 
times the diameter of the bolt for which it is used and its 
thickness equal to one-half (12) the diameter of the bolt. 
The diameter of the hole shall be one-eighth (%) inch 
larger than the diameter of the bolt. 
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SECTION 724 

FENCE MATERIALS 

SCOPE 

724.01.01 Materials Covered. This specification cov- 
ers the quality of barbed wire, woven wire, and chain-link 
fabric fencing, fence posts, gates, and miscellaneous fence 
hardware. 

REQUIREMENTS 

724.02.01 Samples and Certificates of Inspection. The 
Contractor shall supply the Engineer with three (3) line 
posts for testing purposes, the posts to be elected at ran- 
dom by the Engineer. 

Without expense to the Department, two certificates cov- 
ering each order of material shall be furnished by the man- 
ufacturer, certifying that the various metal components 
comply with the requirements herein. The certificates shall 
be delivered to the Resident Engineer at the time, or prior 
to, delivery of the order. 

PHYSICAL PROPERTIES AND TESTS 

724.03.01 Wood Posts. Intermediate braced posts 
and braces shall be of the same type as line posts. 

End, gate, and corner post assemblies, including bracing 
timber, shall be sawed and shall conform to the grading 
requirements of Section 718, “Timber.” They shall be of 
Douglas Fir, Larch, or Southern Pine. 

Line posts and intermediate braced posts and bracing 
shall be round and shall be of Douglas Fir, Southern Pine, 
Lodge Pole Pine, or Larch manufactured from sound live 
trees well seasoned and free from large knots, shakes, or 
splits or other defects which will impair their strength or 
durability. The posts and braces shall be peeled to remove 
all outer bark and all inner cambium bark, except an occa- 
sional strip of inner bark may remain if not over one-half 
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(14) inch wide or three (3) inches long. All knots shall be 
trimmed flush with the side, spurs and splinters removed, 
and ends cut square. 

Line posts and intermediate braced posts and braces 
shall not be less than seven (7) feet long and all other posts 
shall be not less than eight (8) feet long. 

The small end of round line posts and braces shall be 
between three and one-half (312) and four and one-half 
(414) inches in cross sectional dimension; the small end 
of the intermediate braced posts shall be between five and 
one-half (512) and six and one-half (612) inches in cross 
sectional dimension. The allowable taper from end to end 
of round posts and braces shall not exceed one and one- 
half (112) inches. 

All posts and braces shall be pressure treated with Creo- 
sote, Creosote-Coal Tar solution or Pentachlorophenol 
solution in accordance with Section 719 of the Standard 
Specifications and modifications contained in these speci- 
fications. 

The minimum weight of Pentachlorophenol solution 
retained per cubic foot of post shall be six (6) pounds. 
Pentachlorophenol solution shall consist of five (5) percent 
pure Pentachlorophenol in light petroleum. 

All posts and braces shall be treated with the same type 
of preservative. 

When pressure treated materials have been damaged or 
when it has been absolutely necessary to cut or bore into 
them, after delivery to the jobsite, all exposed untreated 
wood shall be carefully field treated with preservative 
applied either by thorough swabbing or by an approved 
bolt-hole treater as the Contractor may elect. 

724.03.02 Metal Posts. Tubular posts shall be gal- 
vanized standard-weight steel pipe conforming to the 
requirements of the current Standard Specification for Black 
and Hot-Dipped Zinc (Galvanized) Welded and Seamless 
Steel Pipe for Ordinary Uses, ASTM Designation A120, 
except that the hydrostatic test will not be required. 
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The base metal for the manufacture of other steel sec- 
tions used for posts and braces shall be of good commercial 
quality weldable steel. 

Posts and braces shall conform to the following require- 
ments: 

For Chain-Link Fence 72 Inches and Less 

Min. 

Weight 
Pounds 

Per 

Linear 

Location Type Min. Size Foot 

End, corner and pull.............. Piper Il Barks: 2.351 O.D. 3.10 
Tne Bare. 2 $4 Bae ie Pipexa: na. Sree 1.869 O.D 2551 

H-Section........... 1.815 2.66 

BiACES "fers. tae 2h ee. oom Pipe t.. sect 1.630 O.D. 1.93 
H-Section........... 1.44 2.16 

Gate-single to 6 ft. or 
double to 12 ft., incl.......... Pipes) SRE Lor 2.351 O.D. 3.10 

Gate-single over 6 ft. to 
13 ft. or double over 12 

BIALOEL Oriten 10 Cla-2..e- sentars PIpGss acest oe 3.960 O.D. 8.65 
Gate-single over 13 ft. 

LODLSiKE., Incl, BAMIaie So Pipes2e: i 6.599 O.D. 18.02 

For Standard Type A Fencing 

Location Type Min. Size Foot 

End, corner pull and *gate.....Pipe.................... 2.351 O.D. 3.10 
OTR a a tn AOR T or H-Section.. ........ 1.3 

*Size of gate posts shall be as set forth for chain-link fence (see table). 

Gate posts for standard Type A fencing shall be as set 
forth in the Standard Specifications for chain link fence 
except that for single gates over thirteen (13) feet to 
eighteen (18) feet the posts shall be pipe, 3.960 O.D. (min.) 
weighing not less than 8.65 lbs. per lin. ft. 

Metal posts (other than tubular) shall be manufactured 
of steel conforming to Federal Commercial Standard CS 
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184—51 or ASTM Designation: A283 or A306. Metal 
posts (other than tubular) shall be manufactured to the 
tolerances and workmanship as provided in Federal Com- 
mercial Standard CS 184-51. 

Line posts shall be provided with tapered anchor plates 
attached securely thereto. The anchor plates shall weigh 
not less than 0.67 pound and have a minimum area of 
fifteen (15) square inches. The top edge of the anchor plate 
shall be from twenty-two (22) to twenty-six (26) inches 

above the bottom end of the line post for Type A and Type 
C fence and this dimension shall be eighteen (18) to 
twenty-two (22) inches for Type DA and Type DC fence. 
The anchor plate may be omitted provided the post is set 
in concrete. Each post shall be furnished with galvanized 
wire clamps as follows: One clamp for each strand of 
barbed wire, and clamps for the top, bottom and at not 
more than fourteen (14) inch intervals between top and 
bottom for mesh fencing. 

Line posts (other than tubular) shall be galvanized or 
painted with anticorrosive paint. The posts shall be drilled, 
notched, or studded to facilitate fastening the fence and 
shall be provided with a suitable anchor plate. Each post 
shall be furnished with not less than seven (7) galvanized 
wire clamps. 

724.03.03 Barbed Wire. Barbed wire may be either 
steel or aluminum alloy. 

Steel barbed wire shall conform to the requirements of 
ASTM Designation A121. The coating weight shall be 
Class 1 unless otherwise specified. 

Barbed wire shall be composed of two (2) strands of No. 

12% gage (Stl.W.G.) wire with four (4) point barbs of 
14 gage spaced not more than five (5) inches apart. 
Aluminum alloy barbed wire shall be manufactured of 

aluminum alloy conforming to ASTM Designation B211, 
alloy 5052-0 for the line wire and alloy 5052—H38 for the 
barbs. 

-724.03.04 Woven Wire. Woven wire shall conform 
to the requirements of ASTM A116, No. 12% Farm. 
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724.03.05 Chain-Link Fabric. Chain-link fabric and 
required fittings and hardware shall conform to the require- 
ments of AASHTO M181. 

The wire used in the manufacture of the fabric shall 

be 11 gage for all fence seventy-two (72) inches or less in 
height. 

724.03.06 Staples, Brace Wire, and Nails. Brace wire 

shall be 8 gage, medium temper, fifty-five thousand (55,- 
000) to seventy-five thousand (75,000) p.s.i. tensile strength 
and shall be galvanized in accordance with the require- 
ments specified for barbed wire. 

Staples shall be made from No. 9 U.S. Steel Wire Gage 
Galvanized and shall be of the L-shaped (Strong-Hold) 
type. The long shank shall be threaded one and three- 
fourths (134) inches long. 

724.03.07 Metal Gates. (a) Drive Gates for Stand- 

ard Fencing. ‘The gate frames shall be constructed of 
not less than one (1) inch galvanized standard weight pipe 
conforming to the dimensions, nominal weights, and gal- 
vanizing specified in the current ASTM Designation A53 
(hydrostatic test will not be required). Galvanized tubular 
steel braces shall be placed vertically in each gate, and 
corner and brace joints shall be so secured that the gate 
will retain a true rectangular shape. 

The wire mesh shall be rectangular mesh or two (2) 
inch diamond mesh and shall be galvanized in accordance 
with the requirements herein specified for woven wire 
fabric. 

(b) Drive Gate for Chain-Link Fencing. The gate 
frame shall be constructed of not less than one and one- 
half (112) inch galvanized standard weight pipe conform- 
ing to the dimension, nominal weights, and galvanizing 
specified under the current ASTM Designation A53 
(hydrostatic test will not be required). Gate frames shall 
be cross-trimmed with galvanized three-eighths (%) inch 

adjustable truss rods. The corners of the gate frames shall 
be fastened together and reinforced with malleable iron 
fittings designed for the purpose of welding. 
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724 FENCE MATERIALS 

Chain-link fence fabric as specified for the fence shall be 
attached to the gate frame by the use of stretcher bars and 
tie wires as specified for fence construction and suitable 
tension connectors spaced at approximate one (1) foot 
intervals. 

(c) Walk Gates. Unless otherwise specified, walk gates 
shall be three and one-half (342) feet wide and of the 
height corresponding to the adjacent fence. 

The gate frame shall be constructed of not less than 
three-fourths (34) inch galvanized standard weight pipe 
conforming to the dimension, nominal weights, and gal- 
vanizing specified under the current ASTM Designation 
A53 (hydrostatic test will not be required). 

The gate frame shall be filled with fabric meeting the 
requirements for fabric as specified herein. 

The gate shall be furnished complete with approved 
hinges, latches, and auxiliary braces as required. 
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SECTION 725 

ELASTOMERIC BEARING PADS 

SCOPE 

725.01.01 Materials Covered. This specification coy- 
ers the material in elastomeric bearing pads as herein 
specified and shall include plain bearings (consisting of 
elastomer only) and laminated bearings (consisting of lay- 
ers of elastomer restrained at their interfaces by bonded 
laminates). 

The elastomer portion of the elastomeric compound 
shall be one hundred (100) percent virgin natural polyiso- 
prene (natural rubber) meeting the requirements of Table 
A or one hundred (100) percent virgin chloroprene (neo- 
prene) meeting the requirements of Table B, as specified 
by the Engineer. Compounds of nominal hardness between 
the values shown may be used and the test requirements 
interpolated. When test specimens are cut from the finished 
product a ten (10) percent variation in “Physical Proper- 
ties” will be allowed. 

REQUIREMENTS 

725.02.01 Certificate of Inspection. Elastomeric bear- 
ing pad material shall be tested by a reputable testing 
laboratory, recognized by the State, who shall certify that 
the material meets these specifications and requirements. 
The Contractor shall furnish the Department with this 
certification prior to using the material. 

PHYSICAL PROPERTIES AND TESTS 

725.03.01 General. 

TABLE A 
ASTM 50 60 70 
Standard....... Physical Properties........... Duro Duro Duro 

Hardness ASTM D2240..50+5 60+5 7045 
Tensile strength, min. 

p.s.i. ASTM D412........ 2500 2500 2500 
Ultimate elongation, 
minimum percent......... 450 400 300 
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725 ELASTOMERIC BEARING PADS | 

Heat Resistance 

Change in durometer 
hardness, max. points... +10 +10 +10 

D573 
70;Hroen Change in 

tensile strength, 
at 158° max. Dercent we, —25 —25 —25 

Pe ewe Change in 
ultimate elongation, 
max-percentaicin..ahh —25 —25 —25 

Compression Set 

D395 
Method 
Boon. 22 hours at 158° F., 

max; percent... 70 25 25 25 

Ozone 

D1149...:...... 25 pphm ozone in air 
by volume 20 percent 
strain 100° F. = 2° 
F., 48 hours mount- 
ing procedure D518, No No No 
Procedure A Shieh Cracks Cracks Cracks 

Adhesion | 

D429, B........ Bond made during 
vulcanization, lbs. 
Pela inch. see ee ee 40 40 40 

Low Temperature Test 

D746 
Pro- 
cedure B... Brittleness at No No No 

LAT iP wls Gi Failure Failure’ Failure 

TABLE B 

ASTM 50 60 70 

Standard......Physical Properties........... Duro Duro Duro 
Hardness ASTM D2240..50+5 6045 7045 
Tensile strength, min. 

p.S.i. 
ASTM D412.......0002...... 2500 2500 2500 

Ultimate elongation, 
min. percent.................. 400 350 300 
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ELASTOMERIC BEARING PADS 725 

Heat Resistance 

Change in durometer 
hardness, max. points... +-15 +15 +15 

D7 Ba ak cal 
WAR EIT. a Change in tensile 

: strength, 

® at212° max. percent................. —15 —15 —15 
: Piet 36.6 Change in ultimate 

elongation, 
Tas DELCeN ee oe —40 —40 —-40 

Compressive Set 

D395 
Method 
Bow ase, 22 hours at 212° F., 

THak eer Cen! ee ES) 35 33 

Ozone 

D1149......._.. 100 pphm ozone in air 
by volume, 20 
percent strain 100° 
ee 2 eter 100 
hours mounting 
procedure D518, No No No 
Procedure; AcaiaT.-..--.2 Cracks Cracks Cracks 

Adhesion 

D429, B........ Bond made during 
vulcanization 
Ibs. per inchitnicaa>A. 40 40 40 

Low Temperature Test 

D746 
Pro- 
cedure B...Brittleness at —40° F...... Duro 

No No No 

Failure Failure Failure 

Laminates shall be: 
Rolled mild steel sheets conforming to AASHTO M183 

(ASTM A36) or ASTM A570, Grade C or D, or 
Fabric reinforcement woven from one hundred (100) 

percent glass fibers of “E” type yarn with continuous 
fibers. The minimum thread count in either direction shall 
be twenty-five (25) threads per inch. The fabric shall have 
either a crowfoot or an 8 Harness Satin weave. Each ply 
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725 ELASTOMERIC BEARING PADS 

of fabric shall have a breaking strength of not less than 
eight hundred (800) pounds per inch of width in each 
thread direction when three (3) inch by thirty-six (36) inch 
samples are tested on split drum grips. Fabric reinforce- 
ments shall be single ply at top and bottom surfaces of the 
pad and double ply within the pad. The bond between 
double plies shall have a minimum peel strength of twenty 
(20) pounds per inch. 

725.03.02 Manufacturing Requirements. Plain bear- 
ings may be molded individually, cut from previously 
molded strips or slabs or extruded and cut to length. Cut 
edges shall be at least as smooth as ANSI 250 finish. 
Unless otherwise shown on the plans, all components of a 
laminated bearing shall be molded together into an integral 
unit, and all edges of the nonelastic laminations shall be 
covered by a minimum of one-eighth (14) inch of elastomer 

except at laminate restraining devices and around holes 
that will be entirely closed on the finished structure. 

725.03.03 Tolerances. ‘Tolerances, relative dimen- 
sions, finishes and appearance, flash, and rubber-to-metal 
bonding, shall meet the requirements below as defined in 
the Rubber Handbook, 2nd Edition, published by the 
Rubber Manufacturers Association, Inc., 444 Madison 
Avenue, New York 22, N.Y. 

Symbol Requirement— 
Commercial dimensional tolerances, Table III, 

Page 15. 
F3 Commercial Finish, Table V, Page 20. 

B2 Class 2, Method B, Minimum bond destructive 
value, Table VII, Page 25. 

Grade 2 Bond destructive value at forty (40) Ibs. per 
inch width, Table VIII, Page 25. 

T.063 ‘Tear trim tolerance no hand trimming required, 
Table VI, Page 23. 

725.03.04 Quality Assurance. Whenever practical, the 
mechanical properties of the finished bearing shall be veri- 
fied by laboratory test. 
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ELASTOMERIC BEARING PADS 725 

The following values shall be met under laboratory 
testing conditions of full size bearings: 
(a) Compressive strain of any layer of an elastomeric 
bearing shall not exceed seven (7) percent at eight hundred 
(800) p.s.i. average unit pressure, or at the design dead 
load plus live load pressure if so indicated on the plans. 

(b) The shear resistance of the bearing shall not exceed 
thirty (30) p.s.i. for fifty (SO) durometer, forty (40) p.s.1. 
for sixty (60) durometer or fifty (50) p.s.1. for seventy (70) 
durometer, Table A compounds; nor fifty (50) p.s.i. for 
fifty (50) durometer, seventy-five (75) p.s.i. for sixty (60) 
durometer or one hundred ten (110) p.s.i. for seventy 
(70) durometer, Table B compounds at twenty-five (25) 
percent strain of the total effective rubber thickness after 
an extended four (4) day ambient temperature of minus 
twenty (20) degrees Fahrenheit. 
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SECTION 726 

ROADSIDE MATERIALS 

SCOPE 

726.01.01 Materials Covered. This specification cov- 
ers the materials used in erosion control, landscaping, and 
irrigation systems. 

REQUIREMENTS 

726.02.01 Certificates and Samples. (a) Topsoil. The 

Contractor shall obtain from the State Department of Agri- 
culture, a certificate stating that the area from which the 
topsoil is to be obtained is free from noxious weeds. 

Before imported topsoil is brought on the jobsite, a ten 
(10) pound sample shall be submitted to the Engineer for 
approval. The sample shall be accompanied by a current 
report, furnished by the Contractor, from a recognized test- 
ing laboratory indicating the particle size, clay content, the 
pH factor, and electrical conductivity of the sample. 

(b) Fertilizer. The fertilizer containers shall have the 
manufacturer’s guaranteed statement of analysis clearly 
marked, all in accordance with State and Federal laws. 

(c) Humus. Before bulk humus is brought to the job- 
site, a ten (10) pound sample shall be submitted to the 
Engineer for approval. The sample shall be accompanied 
by a current report, furnished by the Contractor, from a 
recognized testing laboratory indicating the moisture reten- 
tion capacity, organic matter (based on dry weight), min- 
eral matter (ash), silica (acid insoluable ash), nitrogen 
(based on dry weight), pH factor, and the amount of Doug- 
las Fir bark. 

(d) Plants. All plants shall be first-class nursery grown 
representatives of their normal species and shall be true to 
type or name as shown on the plans and shall conform to 
the American Standard for Nursery Stock, No. 1 grade, 
American Association of Nurserymen, Inc., latest edition, 
ASA Spec. Z 60.1 and shall be tagged in accordance with 
the most recent standard practice recommended by the 
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726 ROADSIDE MATERIALS 

American Association of Nurserymen and to the latest edi- 
tion of Standardized Plant Names, American Joint Com- 

mittee on Horticultural Nomenclature. 
All plants shall comply with Federal and State laws 

requiring inspection for plant diseases and infestations. 
Inspection certificates required by law shall accompany 
each shipment of plants, and certificates shall be delivered 
to the Engineer. All shipments of pines will be accom- 
panied by certificates for USDA Quarantine No. 63, for 
White Pine blister rust, and Nevada Quarantine No. 54.05 
for European Pine shoot moth. 

(ec) Seeds. The Contractor shall furnish to the Engi- 
neer, duplicate copies of a statement signed by the vendor 
certifying that each lot of seed has been tested by a recog- 
nized seed testing laboratory within six (6) months before 
the date of delivery on the project. 

(f) Irrigation Materials. It shall be the Contractor’s 
responsibility to ascertain that all required tests have been 
made by qualified testing laboratories as approved by the 
Department. The Contractor shall furnish the Engineer 
with a written certification that all required tests have been 
satisfactorily completed and that materials and fabrication 
thereof comply with all the requirements. 

All materials shall be approved prior to use. 

PHYSICAL PROPERTIES AND TESTS 

726.03.01 Topsoil. ‘Topsoil shall consist of fertile, 
friable soil of loamy character, and shall contain an amount 
of organic matter normal to the region. It shall be obtained 
from well-drained arable land and shall be reasonably free 
from subsoil, refuse, roots, heavy or stiff clay, stones larger 
than one (1) inch in largest dimension, coarse sand, sticks, 
brush, litter, and other deleterious substances. Topsoil shall 
be capable of sustaining healthy plant life. 

Requirements for topsoil shall be as follows: 

Particle Sizew)....A204e.. VIIa 3, inch Max. 
GlayiContenta!....c!).. sear rise 20 percent Max. (by weight) 
DEP AC LORE ae ee eee 6.4 to 7.4 
Electrical Conductivity................ 0.5 to 1.0 mmhos. per centimeter 

of the saturation paste extract 
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ROADSIDE MATERIALS 726 

726.03.02 Fertilizer. Fertilizer shall be a standard 
commercial grade of organic or inorganic fertilizer of the 
kind and quality specified in the contract documents. It 
may be separate or in a mixture containing the percentage 
of total nitrogen, available phosphoric acid and water- 
soluble potash in the amounts specified. All fertilizers shall 
be furnished in standard unopened containers with weight, 
name of plant nutrients and manufacturer’s guaranteed 
statement of analysis clearly marked, all in accordance with 
State and Federal laws. 

Acceptable commercial fertilizer will be specified in one 
of the following forms: 

(a) A dry free-flowing granular fertilizer, suitable for 
application by agricultural fertilizer spreader. 

(b) A soluble fertilizer ground to a fineness that will per- 
mit complete suspension of insoluble particles in water, 
suitable for application by power sprayer. 

(c) A granular or pelleted fertilizer, suitable for applica- 
tion by blower equipment. 

(d) A non-volatile liquid fertilizer. 

726.03.03 Humus. Humus shall be processed, com- 

posted, fine ground bark of White Fir, Pine, or Redwood, 

or a mixture of these in any proportion. Humus shall be 
free of lumps and/or clods and shall be fine enough so that 
one hundred (100) percent of the material will pass a one- 
half (72) inch screen, and eighty-five (85) percent will pass 
a No. 6 screen. 

Requirements for humus shall be as follows: 

Bioture.retentionscapacity....-fecocfolbw tee ey ot! 35 Percent Min. 
_ Organic matter based on dry weight...................... 95 Percent Min. 
Meetineral. tMiatter’ (ASN).+..- cate ee ep or eargseee eenessee 5 Percent Max. 

Silica (acid insoluble ash) ee en ee 3 Percent Max. 
Nitrogen based on dry weight............2202000002222200-.- 0.8 Percent Min. 
pH value based on 1:5 solution...................2...-2-.... 4.0 to 6.0 Max. 
MonclassPir pBark oe: Sees et A ee 0 Percent 

726.03.04 Mulch. (a) Hay or Straw. All hay or 
straw mulch materials shall be in an air-dried condition 

free of noxious weeds, weed seeds, and other materials 
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detrimental to plant life. Unless otherwise specified in the 
contract documents, hay or straw mulch material shall be 
of approved field grasses indigenous to the area. 

Mulch shall also conform to the following requirements: 

Moisture: Content i:92%e:. nice eB fee aes te 12.0% + 3.0% 
Organic Matter (Oven-dried Basis).........................- 99.6% + 0.2% 
Ash3 Content!” 2 ivi io jt 2 20 2OU EE IN aueie | 0.8% + 0.2% 
Water Holding Capacity 

(Grams of Water/100 Grams of Fiber)................ 1150 Minimum 

(b) Wood Cellulose Fiber. Wood cellulose fiber mulch 
shall be specially processed wood fiber containing no 
growth or germination inhibiting factors and shall be dyed 
a suitable color to facilitate inspection of the placement of 
the material. 

(c) Wood Chips and Shavings. Shavings shall be man-. 

ufactured from any clean soft wood. 
Wood chips shall be manufactured from any clean, 

green softwood. Chips from kiln-dried or air-dried mate- 
rial will not be accepted. Chips shall be produced by 
machinery equipped with knives or blades which cut rather 
than shred or break the material. Chips shall be graded so 
that substantially all chips are from one-half (42) inch to 
three (3) inches in length, one-half (2) inch to one and 

one-half (112) inches in width and from one-eighth (1%) 
inch to one-half (2) inch in thickness. 

Chips produced from tree trimmings which contain 
leaves or small twigs will not be accepted. 

726.03.05 Jute Matting. Jute matting shall be of a 
uniform open plain weave of undyed and unbleached single 
jute yarn. The yarn shall be of a loosely twisted construc- 
tion and shall not vary in thickness by more than one-half 
its normal diameter. Jute matting shall be furnished in 
rolled strips as follows: 

(a) Length approximately fifty (50) yards. 
(b) Matting width shall be forty-eight (48) inches with 

an average weight of 0.92 pounds per square yard. A 
tolerance of plus or minus one (1) inch in width and five © 
(5) percent in weight will be allowed. 
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726.03.06 Plants. All plants shall be first-class nurs- 
ery grown representatives of their normal species and shall 
be true to type or name as shown on the plans and shall 
conform to the American Standard for Nursery Stock, No. 
1 grade, American Association of Nurserymen, Inc., latest 
edition, ASA Spec. Z 60.1 and shall be tagged in accord- 
ance with the most recent standard practice recommended 
by the American Association of Nurserymen and to the 
latest edition of Standardized Plant Names, American Joint 
Committee on Horticultural Nomenclature. 

726.03.07 Seeds. Grasses, legumes, or cover crop 
seed shall be furnished in standard containers on which 
shall be shown the following information: 

(a) Seed name. | 
(b) Lot number. 
(c) Net weight. 
(d) Percentage of purity. 
(e) Percentage of germination (in case of legumes per- 

centage of germination to include hard seed. 
(f) Percentage of weed seed content and inert material 

clearly marked for each kind of seed in accordance with 
applicable State and Federal laws. 

(g) No noxious weed seed present. 

Seed which has become wet, moldy or otherwise dam- 
aged in transit or storage will not be accepted. Seed shall 
be at least ninety-five (95) percent pure and shall have a 
minimum of eighty-five (85) percent germination. 

726.03.08 Tree Ties. Tree ties shall be strips of vinyl 
coated nylon, durable, non-hardening long-life material 
approximately one (1) inch wide and approximately 10 
mils thick, or other suitable material approved by the Engi- 
neer. 

A number 10-gage galvanized wire encased in at least 
one-half (12) inch black rubber hose may be used when 
permitted by the Engineer. 

726.03.09 Pipe and Fittings. Pipe shall be standard 
weight, hot dipped galvanized iron or steel pipe, threaded 
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and coupled. Pipe shall meet the current requirements of 
ASTM Designation A120, and shall be furnished in stand- 
ard lengths. All pipe fittings shall be standard threaded 
galvanized malleable iron fittings. 

Asbestos cement pipe conduit shall be Type II, Class 
2400 asbestos cement pipe conforming to the requirements 
of ASTM Designations: C428 and C644 and shall be of the 
size shown on the plans. 

Plastic pipe, except soaker lines, shall be polyvinyl 
chloride (PVC) 1120 or 1220 pressure pipe as shown in 
the irrigation system legend on the plans. All PVC pipe 
shall be extruded from one hundred (100) percent virgin 
material, and shall be National Sanitation Foundation 
(NSF) approved. All plastic pipe, except soaker lines, shall 
be Class 200. Bell end PVC pipe may be used in lieu of 
plain end pipe and couplings. 

Fittings for PVC plastic pipe shall be rigid polyvinyl 
chloride, Standard Weight, Schedule 40, and shall be sol- 
vent weld type except as shown on plans. Fittings for PVC 
pipe shall have higher bursting pressure than the pipe. 

Plastic pipe for soaker lines shall be flexible polyvinyl 
chloride (PVC) conforming to ASTM Designation: D2287. 
This material shall have a Shore durometer hardness, A 

scale, of 90 to 99 and a specific gravity of 1.40 to 1.44. 
All PVC plastic pipe shall be homogeneous throughout 

and shall be smooth inside and outside, free from cracks, 
holes, foreign materials, dents, wrinkles and blisters. 

726.03.10 Control Tubing. Control tubing shall be 
copper refrigerator tubing meeting the current requirements 
of ASTM Designation B280 in the size specified on the 
plans. 

726.03.11 Gate Valves. Gate valves, when called for 
on the plans, shall be heavy duty bronze conforming to the 
requirements of ASTM Designation B62. 

726.03.12 Quick Coupler Valves. Quick coupler 
valves shall have a service rating not less than one hundred 
fifty (150) p.s.i. for non-shock cold water. Body of the 
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valves shall be a single piece construction of cast leaded 
_ semi-red brass alloy No. 5—A as given in ASTM Designa- 
| tion B145. 

: 726.03.13 Masonry. Hollow load-bearing concrete 
_ masonry blocks shall conform to the requirements of 
_ ASTM Designation: C90. 
_ Hollow non-load-bearing concrete masonry blocks shall 

conform to the requirements of ASTM Designation: C129, 
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SECTION 727 

CONCRETE SURFACE FINISHING MATERIAL 

SCOPE 

727.01.01 Materials Covered. ‘This specification cov- 
ers the types and quality of concrete surface finishing mate- 
rials. 

PHYSICAL PROPERTIES AND TESTS 

727.02.01 Requirements. Bonded grout finishing 
material shall conform to the following requirements: 

(Except as noted herein tests shall be made in accord- 
ance with test method indicated. Federal standard test 
methods are as contained in Publication Federal Test 
Methods Standard No. 141.) 

(a) Viscosity—110-115 K.U., using pin paddle. (Fed- 
eral Standard Method No. 4281.) 

(b) Total solids (Federal Standard Method No. 4042): 
1. By weight—-sixty-five (65) percent min. 
2. By volume—forty-eight (48) percent min. 

(c) Flexibility—Pass one-eighth (4%) inch mandrel when 
spread 12 mils wet on a tin panel, air dried sixteen (16) 
hours and oven dried sixteen (16) hours at one hundred 

twenty (120) degrees Fahrenheit. Panel shall show no mud 
cracking, or no loss in adhesion to the panel when bent. 
(Federal Standard Method No. 6221.) 

(d) Water resistance—No softening when tested as fol- 
lows: Spread a 12 mil film on tin panel, allow to air dry 
forty-eight (48) hours. Immerse in water for sixteen (16) 

hours, and allow to dry for eight (8) hours. There shall be 
no effect on the material. (ASTM D1647.) 

(e) Weatherometer durability—Expose a 12 mil film 
applied to asbestos-cement board for five hundred (500) 
hours in an Atlas Twin-Arc weatherometer. There shall be 
no erosion, cracking, softening, or other visible defects in 
the coating. (Federal Standard Method No. 6152.) 
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SECTION 728 

EPOXY 

SCOPE 

728.01.01 Materials Covered. These specifications 
are intended to specify epoxy that will meet service require- 
ments for highway construction. 

Epoxy shall be furnished as two (2) components which 
shall be mixed together at the site of the work. 

REQUIREMENTS 

728.02.01 Sampling and Testing. Epoxy shall not be 
used prior to sampling and testing unless its use is per- 
mitted prior to said sampling and testing in accordance 
with the provisions in subsection 106.05, “Certificates of 
Compliance.” 

All tests will be conducted in accordance with the latest 
test methods of the American Society for Testing and 
Materials, Federal Test Method Standard No. 141, and 

methods in use by the Department of Highways. 

728.02.62 Certificates. Without expense to the 
Department, two certificates covering each order of mate- 
rial shall be furnished by the manufacturer, certifying that 
the product complies with the specifications. Certificates 
shall be delivered to the Engineer in charge at the job- 
site at the time of, or prior to, delivery of the order. 

728.02.03 Packaging, Labeling, and Storing. Each 
component shall be packaged in steel containers not larger 
than five (5) gallons in volume. When the components are 
to be mixed at a ratio of two (2) parts A to one (1) part 

- B, by volume, the container containing component B shall 
be one-half (#2) the volume of the container containing 
component A. The containers shall have lug type crimp 
lids with ring seals, shall be new, not less than 24-gage, 
shall otherwise meet U.S. Department of Transportation 
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Hazardous Materials Shipping Regulations, and shall be 
well sealed to prevent leakage. If a lining is used in the 
containers, it shall be of such character as to resist any 
action by the components. Each container shall be clearly 
labeled with the designation (Component A or B), type 
(Standard or Rapid) if applicable, manufacturer’s name, 
date of manufacture, batch number (a batch shall consist 
of a single charge of all components in a mixing chamber), 
all directions for use specified elsewhere and the following 
warning: 

CAUTION 

This material will cause severe dermatitis if it is allowed 
to come in contact with the skin or eyes. Use gloves and 
protective creams on the hands. Should this material con- 
tact the skin, wash thoroughly with soap and water. Do not 
attempt to remove this material from the skin with solvents. 
If any gets in the eyes, flush for ten (10) minutes with 
water and secure immediate medical attention. 

Attention is directed to the characteristic of some epoxy 
components to crystallize or thicken excessively prior to 
use when stored at temperatures below thirty-five degrees 
Fahrenheit. Any material which shows evidence of crystal- 
lization or a permanent increase in viscosity or settling of 
pigments which cannot be readily redispersed with a paddle 
shall not be used. 

728.02.04 Directions for Use. At the time of mixing, 
components A and B shall be at a temperature between 
sixty (60) degrees Fahrenheit, and eighty-five (85) degrees 
Fahrenheit, unless otherwise specified. Any heating of 
the adhesive components shall be done by application of 
indirect heat. Immediately prior to mixing, each com- 
ponent shall be thoroughly mixed with a paddle. Separate 
paddles shall be used to stir each component. Immediately 
prior to use, the two (2) components shall be thoroughly 
mixed together in the specified ratios. When mixed, all 
adhesives except coal tar modified epoxy, shall have a 
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uniform gray color without black or white streaks. No 
solvent shall be added to any epoxy. 

After mixing, all epoxies shall be placed in the work 
and any overlaying or inserted material which is to be 
bonded to the work by the epoxy shall also be placed 
before thickening of the epoxy has begun. Surfaces upon 
which epoxy is to be placed shall be free of rust, paint, 
grease, asphalt, and loose and deleterious material. When 
epoxy is used as a binder to make epoxy concrete or 
mortar, the two (2) components of epoxy shall be thor- 
oughly mixed together before the aggregate is added and, 
unless otherwise specified, the mix proportions shall consist 
of one (1) part of binder to approximately four (4) parts 
of aggregate, by volume. Aggregate for use in epoxy con- 
crete and mortar shall be clean and shall have a moisture 
content of not more than 0.50 percent when tested by 
Test Method No. Nev. 112. All surfaces against which 
epoxy concrete and mortar are to be placed shall be primed 
with a coat of the epoxy used just prior to placing the 
mortar. 

TYPES OF EPOXIES 

728.03.01 Binder (Adhesive), Epoxy Resin Base. 

Classification 
This specification covers a low viscosity liquid poly- 

sulfide extended epoxy formulated primarily for use in 
making high-strength epoxy concrete and epoxy mortar, in 
fastening metal anchors in vertical holes in concrete and 
in pressure grouting of cracks in concrete. Thick sections 
of this epoxy are not suitable for use in freeze-thaw envi- 
ronments. 

Composition 
COMPONENT A 

Lbs./ 
100 gals. 

Epoxy -Resininasa5j5.--clnidey--cult--24--s0e1019--letpaiee--s 934 
- Titanium Dioxide, Federal Specification 

ASTM Designation: D476, Type III or IV.......................... 28.0 

1Viscosity, 5-7 poises at 25° Centigrade; epoxide equivalent 175-195; Color 
(Gardner), 5 maximum; manufactured from epichlorohydrin and bisphenol A. 
The reactive diluent shall be butyl glycidyl ether. 
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COMPONENT B 
Lbs./ 

50 gais 

Polysulfide, Polymer? 5... 2t-.l eects --ocescreuy=- tle. Sere 403 
2, 4, 6-Tri (Dimethylaminomethyl) Phenol’.............000.2220........ 93.4 
Tale: CE LEC a tects. Reece, eet Leer Meeeeees. EPR a 9.3 
Carbon! Black? i. Bio A hey. 16 eri ite! el tey SS 1.9 

2Specific gravity, 1.24-1.30 at 20°/20° Centigrade; viscosity, 700-1200 
centipoise, Brookfield at 25° Centigrade; pH water extract, 6.0—8.0; moisture 

content, 0.1 percent maximum; pour point, —15° Fahrenheit; average molecular 
weight, 1000; flash point, degrees Fahrenheit, Cleveland Open Cup, 390 
minimum; sulfur content, percent, 36-40; color, Hellige, 9-12. The product 
shall be a difunctional mercaptan made from 98 mole percent of vis (2-chloro- 
ethyl) formal and 2 mole percent of trichloropropane. 

sFormula weight, 265; specific gravity at 25°/25° Centigrade, 0.973; refractive 
index, 1.514 at 25° Centigrade; distillation range 96 percent at 130°-160° Centi- 
grade (0.5-1.5 mm.); flash point, Tag Open Cup, 300° Fahrenheit minimum; 
water content, 0.06 percent maximum. 

4Percent passing U.S. No. 325 sieve, 94-96; maximum particle size, 70 
microns; oil absorption (Gardner-Coleman), 6-7 ml. per 20 grams; fineness in 
oil (Hegman) 1-2; specific surface, 0.5-0.6 square meter per gram; con- 
sistency (40 percent suspension in linseed oil), 55-60 KU. 

5Surface area, square meters/gram, 115-130; particle diameter, millimicrons, 
18-30; pH, 7.5-8.5; fixed carbon (moisture free), percent, 96-98; volatile 
matter, percent, 2-4; oil absorption, stiff paste endpoint, CCS/gram, 0.80-0.90. 

The ingredients in Components A and B shall be thor- 
oughly dispersed such that each component forms a fluid 
mixture. 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T502. 

Characteristics of Components 

Viscosity, Brookfield No. 2 Spindle at 20 rpm, Poise 
GB ejidie aii NOG) gun cibecprmmnntnteidbsita needed. pester babies sedaeiretna octn 5 to 10 
Component \B_ AU eal. Ane OH ZO ee ee 7 to 15 

Density, lbs. per gallon at 77° Fahrenheit 

Component) A... eta. os Seat Ee eee 9.45to 9.65 
CORMPONENE 8B an eoee cite ova eee, Re ee ae 10.00 to 10.20 

Characteristics of Combined Components 

Geminis “minutes eee 2. ee 15 to 30 

The infrared curves of the vehicle components shall 
match those on file in the Department of Highways. 

Directions for Use 

The mixing ratio is two (2) parts by volume of Com- 
ponent A to one (1) part by volume of Component B. No 
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more material shalll be mixed than can be used within ten 
(10) minutes from the time mixing operations are started. 

728.03.02 Coal Tar Modified Epoxy Resin. 

Classification 

This specification covers a low viscosity liquid coal tar 
extended epoxy formulated primarily for use with a cover 
of aggregate as a black seal and skid resistant surfacing for 
Portland cement concrete and for use in making low 
strength epoxy concrete and epoxy mortar. This epoxy is 
suitable for use in freeze-thaw environments. 

Composition 
COMPONENT A 

(Modified Epoxy Resin) 

This material shall be based on a liquid epoxy resin 
obtained from the condensation of bisphenol A and 
epichlorohydrin. It shall have the following physical char- 
acteristics: 

Specified 
Property Value 

Viscosityid/ “Fahrenheit; poisé:ccu2-, epee ot. See eetss 8-16 
Epoxides Paquivalent..Ps55 i es at. ee 225-275 
ASH CONE Ee DeErCent OY OW tissss eee, erent eee. eee, 0.2 max. 
Volatile Content, mls. distillate...............00....... 3 max. below 350° F. 

(Unmodified Resin) 

VISCOSILY sauteed PATI BCDC DOSE 2. 5 100-160 
EE DOXIGS CEGUIV ALON aaa tee ee te etc a se eae 180-195 

COMPONENT B 
(Modified Amime Hardening Agent for Component A) 

This material shall be the hardening agent for the modi- 
fied epoxy resin, and shall be composed of a bitumen 
which has been specially treated with a modified aliphatic 
polyamine. It shall have the following physical character- 
istics: 

Specified 
- Property Value 

WASCOSiHY Sym altenheit: POIs... i. << vertioctcicecaapeemesecnad 2-8 
Pi lcalintiyene ds OONSINSS esr rete 0.19-0.27 
Water percent Dy“ WE. 222 Le 8. ev A) a) 2.0 max. 
Ash; percentibyaWwt...3 yee. 1.2.... 220lee.i 0) ayn hess 0.5 max. 
Volatile Content, mls. distillate...................... 3 max. below 375° F. 
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Properties of cured coal tar modified epoxy resin 

Specified 
Resistance to Water Solutions Value 

Distilled Water 
(7idaysel Jeetanrermelt }s PEL CCU ba. s-ciasee eee ee 0.6 (cast 

bar) max 

Saturated Calcium Chloride, percent..............................--.-- 0.5 max. 

Specified 
Low Temperature Creep Value 

Initials see oh tei Ae ee ke ae ett eee, 0.005” min. 
Z4NOUPS ARLE .tL.. ee ed EB Sa TI Tain 0.010” min. 
Pidaysorn: wish. igiers veac$s-bae Stetnagh Be 0.015” min. 

Tensile Properties (On Laboratory Cast Sheet 14 inch thick) 

Specified. 
Property Value 

Tensile Strength, p.s.i. at 77° Fahrenheit............................ 400 min. 
Tensile Elongation, percent at 77° Fahrenheit.................... 35 min. 
Volatile; Content,-petice inte .: sco fait eve: Fcccesests ccnel 2 eee 2 max. 
Gel 2Pime, sMinutes 2. Ft 8 oc foe gee of Fe Beg ap Bese ogee te 25-50 
Shore D Hardness at 77° Fahrenheit 

instantaneous reading after 24 hours......................22......- 35-65 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T503 within six (6) months of the time 
of use. 

Directions for Use 

Equal parts, by weight or volume, of Components A 
and B shall be mechanically batch mixed, or continuously 
mixed in automatic paving equipment which provides con- 
tinuous metering, mixing, and application at a controlled 
rate. If the components are to be batch mixed, mixing shall 
be performed with a propellor type stirrer, or other power 
driven agitator attached to a one-half (2) inch heavy duty 
drill. Care must be exercised to thoroughly incorporate 
material at the sides and bottom of the mixing container. 

When mixed in batches, the mixing time shall be five 
(5) minutes at sixty (60) degrees to eighty (80) degrees 
Fahrenheit or three (3) minutes at eighty (80) degrees to 
one hundred (100) degrees Fahrenheit and the batch size 
shall not exceed five (5) gallons. 
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The mixed material will set quickly if allowed to remain 
in large mass, due to the heat generated as the two (2) 

components react. Pot life in large quantities (one (1) 
gailon to five (5) gallons) is approximately: 

Pot life 
(measured from 

Material beginning of 
Temperature mixing) 

60-70 es Oe 2S Deo... 18 minutes 

ht cos heel gir cit TE ee: rs OS . Santee 2 12 minutes 

CCAM Wee aeer &” i ane ect enyancmianetes amanie tat rhea, eels 10 minutes 

LUCE ENS @ Gite criaeumanncs op epmrtyinctertmerieaatie 2 emcees meat cmuten, caataesnals 8 minutes 

728.03.03 Epoxy Resin Adhesive for Bonding New 
Concrete to Old Concrete. 

Classification 

This specification covers a low viscosity paste poly- 
sulfide extended epoxy formulated primarily for use in 
bonding new Portland cement concrete to old Portland 
cement concrete and in fastening metal anchors in hori- 
zontal holes in concrete. This epoxy is available in 2 types: 
Type I for general use and Type II for use when cure 
temperatures are below sixty (60) degrees Fahrenheit, or 
when a faster cure is required. Thick sections of this 
epoxy are not suitable for use in freeze-thaw environments. 

Composition—Type I 

Lbs./100 gals. 

Epoxyiceser cs: Soceirs | hgae Bonne) COR. oS ei 918 
RESITT BetUS SA SDESL OS et sc tae 8 the calcein eck tee ee *34.0 
Titanium Dioxide, Federal Specification TT—P-—442, 

Type ior-TL ner fer Seton) ee? Bae eee 18.4 
Glycerine, ASTM: Designation: D1257.." ten ee Zoh5 
SIICONeVANtEPOaIs Hype: 4)i...f.5 4... ice eee, ee i etree 0.09 

COMPONENT B 
Lbs./50 gals. 

MEOLYSUINGG Er OLY INCE coc ener ne ae ee ee, eee 406 
2, 4, 6-Tri (Dimethylaminomethyl) Phenol*........-.......222..2...... 45.9 
Dimethyiaminomethy! Phenol!®.::.........-........4..2..2__.... See 45.9 
Biotin eh FACT SUC SOS ine ee Ae 16.0 
GT ear 4 AE Ye SERRE? ae Oe OR, ANGE UN, OE tren 0.46 
BIICONe nti POalll,« 1 YPC. C) eco ec Re ee ee 0.05 
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Composition—Type II 
COMPONENT A 

Lbs./100 gals. 

EpoxyaResinis tte oe eorn! cu. 2t!l nS... see) sipee 918 
Resins Grades A sbestosttcerte es teu ist. Joe nS eN ee *34.0 
Titanium Dioxide, Federal Specification TT—P-442, 

PV DEMLSOL UU oe ee eee ee eee eee, ee 18.4 
Glycerme,_ ASEM Designations D125 7.2.2 eee 275 
SiliconesAnti-Foam, Cype: Orie eee 0.09 

COMPONENT B 

POlvstlliae, POlYMCts.-- ee ce e oa e e 403 
2, 4 ,6-Tri (Dimethylaminomethyl) Phenol*.......................... 91.7 
Resin. Grade A SDCStOS acc esisaseste see see ree 716.0 
Cartoon. Black saa aretha ccc eke ee oe 0.46 
SHICOMGSA REID Oalll, bY DCO) a neteccrceret tree nnn ee eee eee 0.05 

1Viscosity, 5-7 poises at 25° Centigrade; epoxide equivalent 175-195; Color 
(Gardner), 5 maximum; manufactured from epichlorohydrin and bisphenol A. 
The reactive diluent shall be butyl glycidyl ether. 

2Specific Gravity, grams per ml., 2.45; moisture content, percent by weight, 
2.0 maximum; surface area, square meters per gram, 60 approximately; reflec- 

tance, G.E. brightness, 72-76; nature of surface charge, electropositive 
(cationic); pH in water, 9.5; bulking value, gallons per 100 lbs., 4.8; oil 
absorption (DOP), pounds per 100 Ibs., 120; refractive index, Nd 25° Centi- 
grade, 1.54-1.56; wet bulk density in water, after dispersion, 2 grams per liter, 
settling after 1 hr., 100 ml. clear maximum; dry bulk density; pounds per 
cubic foot, 4. 

3Specific gravity, 1.24-1.30 at 20°/20° Centigrade; viscosity, 700-1200 centi- 
poise, Brookfield at 25° Centigrade; pH water extract, 6.0-8.0; moisture con- 
tent, 0.1 percent maximum; pour point, —15° Fahrenheit; average molecular 
weight, 1000; flash point, degrees Fahrenheit, Cleveland Open Cup, 390 mini- 
mum; sulfur content, percent 36-40; color, Hellige, 9-12. The product shall be 
a difunctional mercaptan made from 98 mole percent of bis (2-chloroethyl) 
formal and 2 mole percent of trichloropropane. 

“Formula weight 265; specific gravity at 25°/25° Centigrade, 0.973; refractive 
index, 1.514 at 25° Centigrade; distillation range 96 percent at 130—-160° Centi- 
grade (0.5-1.5 mm.); flash point, Tag Open Cup, 300° Fahrenheit minimum; 
water content, 0.06 percent maximum. 

5Formula weight 151; specific gravity at 25°/25° Centigrade, 1.023; refractive 
index, 1.530 at 25° Centigrade, distillation range, 78 percent at 80—-130° Centi- 
grade (2 mm.); flash point, Tag Open Cup, Dip 215° Fahrenheit, Sweep 227.5° 
Fahrenheit; water content, 1.0 percent maximum. 

6Surface area, square meters/gram, 115-130; particle diameter, milimicrons, 
18-30; pH, 7.5-8.5; fixed carbon (moisture free), percent, 96-98; volatile mat- 
ter, percent, 2-4; oil absorption, stiff paste endpoint, CCS/gram, 0.80-0.90. 

*A range of 31 to 37 Ibs. is permitted if necessary to achieve proper vis- 
cosity and shear ratio. 

fA range of 14.5 to 17.5 lbs. is permitted if necessary to achieve proper vis- 
cosity and shear ratio. 

The ingredients in Components A and B shall be thor- 
oughly dispersed such that each component forms a uni- 
form paste. 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T504. 
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Characterstics of Components, Types I and II 
Brookfield Viscosity, Helipath Spindle TB, Poise at 

at 77° Fahrenheit 

POMPONeNt WA he es ee RE eS 200 to 450 
AFOTAPONEN EB vec ocde ane eee ee oe Beye ee 200 to 450 

Density, lbs. per gallon at 77° Fahrenheit 

Component. A.2 i Te... sees Fs be Se an 9.50 to 9.75 
POMPONEN tee Bee Ae 10.05 to 10.31 

mhnear Ratio, Aland B.Components. .0.< ee 2.5 minimum 
Percentage of entrapped air, A and B..........020000..... 2.0 maximum 

Characteristics of Combined Components 
Gelitime, minutes, Type Te. Aree ood Bek cece 25 to 50 
Gel*time, minutes, Type Thi = 239 02 o igs SAS Goeny 15 to 30 

Color, Type I and II—Approximately that of Color No. 
26134 of Federal Standard No. 595. 

The infrared curves of the vehicle components shall 
match those on file in the Department of Highways. 

Directions for Use 

The mixing ratio is two (2) parts by volume of Compon- 
ent A to one (1) part by volume of Component B. When 
measuring as individual Components A and B, stir and tap 
the measuring containers to remove possible air voids. Do 
not mix more material than can be spread within eight (8) 
minutes from the time mixing operations are started. The 
spreading rate shall be sufficient to thoroughly coat the 
surface. Spread the mixed adhesive by brush or roller over 
thoroughly cleaned concrete at a rate not exceeding forty 
(40) square feet per gallon. On very rough surfaces the 
spreading rate shall be twenty-five (25) square feet per gal- 
lon. The new concrete shall be placed against the adhesive 
coating on the old concrete within fifteen (15) minutes after 
spreading at temperatures below ninety (90) degrees 
Fahrenheit or within ten (10) minutes at temperatures 
above ninety (90) degrees Fahrenheit. 

728.03.04 Rapid Set Epoxy Adhesive for Pavement 
Markers. 

Classification 

This specification covers a high viscosity paste rapid set 
epoxy formulated primarily for use in bonding pavement 
markers to Portland cement concrete and asphalt concrete. 
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Composition 
COMPONENT A 

Parts 

by 
Weight 

EpoxyOReésintite. Stews) Soenteeian 1.0642 8. Teens 90.00 
Orthocresol Glycidyl Ether? ..........0..2.0.......2222---seeececceeeeeeeeeeeeees 10.00 

Titanium Dioxide, ASTM Designation: D476, 

Wypé dior TV2..- 22. Se ot eee eeeonn 3.00 
Palotai.0. 8... nein... # has. A oles 50.00 
ResinsGradé.Asbestos*......... iL has..4...u8.hbaqgetias Iaiage *3.00 
Silicone Anti-Poam Type *O irra an cesar sores sea sts tae ae eae 0.01 

COMPONENT B 

High Functionality Polymercaptan Hardener’......................... 60.00 
2, 4, 6-Tri (Dimethylaminomethyl) Phenol?.............................. 7.00 
Polysulfide Polymer’: 938.01 20100 Aa) 88.1 Sov} 35.00 
Carbon Black®sss.:. mendta2O2 at bpeehbeetedewshed jad 0.10 
A ee epee ee eee ee, Wn RO EE. ee eee 50.58 
RESIN ACEAGC. AASDCSLOS on mee crate ee *3.00 
Silic@he ApticrOann PY pe, CO) set teceot ole see rnce nearer ccna 0.01 

*A range of 2.70 to 3.30 is permitted if necessary to achieve proper viscos- 
ity and hear ratio. 

1Di glycidyl ether of bisphenol A, viscosity, 100-160 poise at 25° Centigrade; 
epoxide equivalent 180-200, Color, Gardner 1933, 3 max. 

2Viscosity at 25° Centigrade, 5-10 Centipoise, Weight per gallon 9.00—9.10 
pounds. Epoxide equivalent 180-200. 

8Percent passing U.S. No. 325 sieve, 99 minimum; Hegman Rating, 3-4; oil 
absorption (spatula), 32-35: reflectance (green filter), 92-94. 

4Specific gravity, grams per ml., 2.45; moisture content, percent by weight, 
2.0 maximum; surface area, square meters per gram, 60 approximately; reflect- 

ance, G.E. brightness, 72-76; nature of surface charge, electropositive (cationic); 
pH in water, 9.5; bulking value, gallons per 100 Ibs., 4.8; oil absorption (DOP), 
pounds per 100 Ibs., 120; refractive index Nd 25° Centigrade, 1.54-1.56; wet 
bulk density in water, after dispersion, 2 grams per liter, settling after 1 hr., 
100 ml. clear maximum; dry bulk density, pounds per cubic foot, 4. 

5Liquid polymercaptan resin, viscosity 100-130 poise at 25° Centigrade; spe- 
cific gravity 1.14-1.16; mercaptan value, 3.6 meq/gram. Color, Gardner 1933, 
1. Infrared curve shall match the curve on file in the Department of Highways. 

6Formula weight 265; specific gravity at 25°/25° Centigrade, 0.973; refractive 
index 1.514 at 25° Centigrade; distillation range 96 percent at 130° Centigrade 
to 160° Centigrade (0.5—1.5 mm.); flash point. Tag Open Cup, 300° Fahrenheit 
minimum; water content 0.06 percent maximum. 

Specific gravity, 1.24-1.30 at 20°/20° Centigrade; viscosity, 700-1200 centi- 
poise, Brookfield at 25° Centigrade; pH water extract 6.0-8.0; moisture content, 
0.1 percent maximum; pour point —15° Fahrenheit; average molecular weight, 
1000; flash point, degree Fahrenheit, Cleveland Open Cup, 390 minimum; sul- 
fur content, percent 36-40; color, Hellige, 9-12. The product shall be difunc- 
tional mercaptan made from 98 mole percent of bis (2-chloroethyl) formal and 
2 mole percent of trichloropropane. 

8Surface area, square meters/gram, 115-130; particle diameter, millimicrons, 
18-30; pH, 7.5-8.5; fixed carbon (moisture free), percent, 96-98; volatile mat- 
ter, percent, 2-4; oil absorption, stiff paste endpoint, CCS/gram, 0.80—0.90. 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T500. 
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728 EPOXY 

Characteristics of Combined Components 

Requirements 

Gel time; minutéS. S.2:...:...09 2x33. 28-2 codecs eee 7 min. 
Bond Strength to Concrete, Time, minutes (maximum) 

to reach not less than 200 p.s.i.— 

BGT SSP, , VDRO SR Se en he Vite Ue serene nee Leos 35 

atuSOS: BI0F52S. gis, He tee eee be ee 45 

at030°SE., S228 Fie: Ae BS oe 85 

Slant Shear Strength— 

24 hourssat 7, tek tee 2B. pS. ir Gade. Png ews 1000 min. 

24 hours at 77° F., +2° F., plus water soak, p.s.i...... 800 min. 

Tensile Adhesion and Cohesion— 

Class II polyester marker bottom, P.s.i.................-....... 475 min. 

Class III and IV ceramic marker bottom, p.s.i........... 700 min. 

Class III and IV ceramic marker bottom, including 
POSE, CUT Ch DAG oo. te Be ee cents cesses 700 min. 

Reflective pavement marker bottom, p.S.i................... 500 min. 

Color of Mixed Components......... Approximately that of Color 
No. 26152 of Federal Standard 
No. 595. 

Directions for Use 

Just before use, components A and B shall be mixed in 
a one-to-one ratio by volume. When automatic proportion- 
ing and mixing machine is used, the temperature of the 
components shall be maintained by indirect heating or 
cooling, so that the adhesive will meter, mix and extrude 
properly. The maximum temperature shall be such that 
after proper mixing there shall be no excess flow of adhe- 
sive from under the marker. 

728.03.05 Standard Set Epoxy Adhesive for Pavement 
Markers. 

Classification 

This specification covers a high viscosity paste standard 
set epoxy formulated primarily for use in bonding pave- 
ment markers to Portland cement concrete and asphalt 
concrete. 
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EPOXY 728 

Composition 
COMPONENT A 

Parts 

by 
Weight 

EDOXY ICSIIL 3c Re a A ee eee 100.0 
Titanium Dioxide, ASTM Designation: D476, 

‘Bype cl ils orp Tay eee At irs BF ose necnennntevacccecenecbensetoode 731 
Resin sGradesAsbestoy i we Se *5.00 
AIC ee ee eee OP oe ee ee 37.64 

COMPONENT B 

N-Armmoethy! Piperazine..2 5 = 2. eet. 23.16 
Nonyiphenokan® Sac ae Soe Or, Tle Be 52.00 
CarboneBinck*4°Fe oan ictal 0.22 
{Pilea a eS 5 Oe ae Ba An, «Aimee 77.37 
Resin Asrade. ASDGSIOSS «apt So ete se ceed nw A 71.00 

*A range of 4.50 to 5.50 is permitted if necessary to achieve proper viscos- 
ity and shear ratio. 

+A range of 0.90 to 1.10 is permitted if necessary to achieve proper viscos- 
ity and shear ratio. 

1Viscosity, 5-7 poises at 25° Centigrade; epoxide equivalent 175-195; Color 

(Gardner), 5 maximum; manufactured from epichlorohydrin and bisphenol A. 
The reactive diluent shall be butyl glycidyl ether. 

2Specific gravity, grams per ml., 2.45; moisture content, percent by weight, 
2.0 maximum; surface area, square meters per gram, 60 approximately; reflec- 

tance, G.E. brightness, 72-76; nature of surface charge, electropositive (cati- 
onic); pH in water, 9.5; bulking value, gallons per 100 Ibs., 4.8; oil absorption 
(DOP), pounds per 100 Ibs., 120; refractive index, Nd 25° Centigrade, 1.54— 
1.56; wet bulk density in water after dispersion, 2 grams per liter, settling after 
1 hr., 100 ml. clear maximum; dry bulk density, pounds per cubic foot, 4. 

’Percent passing U.S. No. 325 sieve, 94-96; maximum particle size, 70 
micron; oil absorption (Gardner-Coleman), 6-7 ml. per 20 grams; fitness in 
oil (Hegman) 1-2; specific surface, 0.5-0.6 square meter per gram; consistency 
(40 percent suspension in linseed oil) 55-60 KU. 

4Color (APHA) 50 maximum; amine value 1250-1350 based on titration 
which reacts with the 3 nitrogens in the molecule; appearance clear and sub- 

stantially free of suspended matter. 

5Color (APHA) 50 maximum; hydroxyl number 245-255; distillation range, 
degree Centigrade at 760 mm. first drop 285 minimum, 5 percent, 298 minimum, 

95 percent, 325 maximum; water, percent (K.F.), 0.05 maximum. 

®6Surface area, square meters/gram, 115-130; particle diameter, millimicrons, 
18-30; pH, 7.5-8.5; fixed carbon (moisture free), percent, 96-98; volatile mat- 

ter, percent, 2-4; oil absorption, stiff paste endpoint, CCS/gram, 0.80—0.90. 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T500. 
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EPOXY 728 

Characteristics of Combined Components 

Requirements 

Ee tbody TIS SIULS | a ieee af 2 | SNe ORE plat SaREER CEE I ip ee 8 to 13 

Bond Strength to Concrete, Time (maximum) to reach 
not less than 200 p.s.i. at 77° F., 2° Fu... 3.5 hours 

Slant Shear Strength— 

BM OUES OAC eee ce S25 Eos De Seleec.-- nace RPE arc SEE aed 2200 min. 

24 hours at 77° F., +2° F., 

plus water soak, p.S.1,_.............'shem.boliiew&.. Jorn 1500 min. 

Tensile Adhesion and Cohesion 

Class II polyester marker bottom, p.s.i................ peels 475 min. 

Class III and IV ceramic marker bottom, p.S.1i............. 700 min. 

Class III and IV ceramic marker bottom, including 
DOSU CULO DA. et ee ee eee eee 700 min. 

Reflective pavement marker bottom, p.s.i..................... 500 min. 

Color of Mixed Components........ Approximately that of Color No. 
26152 of Federal Standard 
No. 595. 

Directions for Use 

Just before use, components A and B shall be mixed in 
a one-to-one ratio by volume. When automatic proportion- 
ing and mixing machine is used, the temperature of the 
components shall be maintained by indirect heating or 
cooling, so that the adhesive will meter, mix and extrude 

properly. The maximum temperature shall be such that 
after proper mixing there shall be no excess flow of adhe- 
sive from under the marker. 

_ 728.03.06 Binder (adhesive), Epoxy Resin Base, 
Alkylbenzene Extended. 

Classification 

This specification covers a medium viscosity liquid 
alkylbenzene extended epoxy formulated primarily for use 
with aggregate as a gray seal and skid resistant surfacing 
for Portland cement concrete and for preparing low 
strength epoxy mortar and epoxy concrete. This epoxy is 
suitable for use in freeze-thaw environments. 
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728 EPOXY 

Composition 
COMPONENT A 

Parts by 
Weight 

Epoxy Resin¥2#21.0) (InuGuke) ate aig, Le eee 85.00 
Orthecresol..Glycidyl "Ether’...-2. 2. \ 48.82. 0e Bact pest 15.00 
Alkylbernizene*0 once eel ee ee ip I 
Titanium Dioxide ASTM Designation: 

DATE, LY DG LL Or TV rece ee rec gee aes 5.19 
Colloidal ‘Silica*.......4:.....07..5... et. reat 8h ee 0.70 
Difiony!- Phenol, distilled erade®. 2... 22-20-22). 2B FOI Em 18 18 
Silicone Anti-Foam. Type QO ..4.. 2.2). 0.01 

COMPONENT B 

AlkylbenZene? 2-5 oa: - coset eee ae ee ee 32.15 
Colloidal Silitas soos. Ben i ee a Lip 
N-Aminoethyipiperazine —-.... =. ee ee ee 23.47 
Nonyt Phenol es ee eee 23.47 
Dinonyl: Phenol; distilléd-grade’-2" 4 Se eee 25.46 
GarbomBlackfatli_vheolecmmaineat ose ieee Bee 0.03 
SiliconexAnti Foam TliypetQs 2... ee 0.01 

1Di glycidyl ether of bisphenol A, viscosity 100-160 poise at 25° Centigrade; 
epoxide equivalent 180-200, Color, Gardner 1933, 3 max. 

2Viscosity at 25° Centgrade, 5-10 Centipoise, weight per gallon 9.00-9.10 
pounds. Epoxide equivalent 180-200. 

8This is a synthetic alkylbenzene in which the alkyl side chain is highly 

branched and contains, on the average, 13 carbon atoms. It shall have the 
following properties: 

Weight: per callontin pounds at/7z Bil 22) ee eae 7.0-7.4 
Flash, Cleveland Open Cup, degrees Fahrenheit.......................... 280 min. 
Color: CAP HA ) oer teseerccss eres eee ee eee et eee Dy Se tice 
Viscosity at 100° F., centistokes (ASTM Designations: 

188 ands D446,)ie see ee 8d Ue ee ed ae re 8.0-8.4 
Bromine Number (grams bromine/100 grams Oil) ...................... ... 0.03 max. 
Sedimentyand water, vols percentizcs..-<.-58 3 eet See Nil 
Distillation, degrees Fahrenheit, ASTM Designation: D477: 

Sipercent recovered. 0.2 ee Bea eee eee 547-557 
O5 “percent TECOVEreC sae re eo ens ee 599-609 

4Sio2 (moisture-free basis), 99 percent minimum; refractive index, 1.46; sur- 
face area, 175-225 square meters per gram; particle size 0.015 microns; pH 
(4 percent aqueous dispersion), 3.5—4.2; pour density, 2.3 lbs./cu. ft. maximum; 
free moisture at 105° Centigrade, 1.0 percent maximum. 

5Color, Gardner (ASTM Designation: D1544), 3 maximum; weight per 
gallon in pounds at 77° Fahrenheit, 7.5-7.7; hydroxyl number (acetylation), 
145-165; refractive index at 25° Centigrade, nD=1.496-1.506; boiling range at 
760 mm., 5—10 percent distilled over at 325° Centigrade by ASTM Designation: 
D1078. 

6Color (APHA) 50 maximum; amine value 1250-1350 based on titration 
which reacts with the 3 nitrogens in the molecule; appearance clear and sub- 
stantially free of suspended matter. 

“Color (APHA) 50 maximum; hydroxyl number 241-255; distillation range, 
degrees Centigrade at 760 mm. first drop, 295 minimum, 5 percent, 297 mini- 
mum, 95 percent, 325 maximum; water, percent (K.F.), 0.05 maximum. 

SSurface area, square meters/gram, 115-130; particle diameter, millimicrons, 
18-30; pH, 7.5-8.5; fixed carbon (moisture free), percent, 96-98; volatile 
matter, percent, 2-4; oil absorption, stiff paste endpoint, CCS/gram, 0.80-0.90. 
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EPOXY 728 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T505. 

Characteristics of Components 
COMPONENT A 

Weight per gallon, pounds at 77° F......-....-...-.----.<.0---2398 9.2 min. 
WiISGOSILY,. DOISe.- DroOK Nelda eee 12-26 
PPO RICO TeU ULV ICI te tee in 220-244 

COMPONENT B 

Weight per gallon, pounds at 77° F.........2.42..2..:ccc2ceeete--e 7.5 min. 
MISCOSIIVs © POISE, VES COOKIION ooo ie cag oth esicas ss de ee 12-26 
Armme value on vehicle" WRT oo ce. co scce lene 281-303 
Witeate Index. ..020 0). Se oe en ee ee oe ee 1.9 min. 

Infrared curves of the. vehicle components shall match 
those on file in the Department of Highways. 

Characteristics of Combined Components 

eS) bd a Me CV OLD a ella Be i se Yon le St ae Bel Re a 17-23 
When cured for 7 days at 77° F. + 3° F.: 

Bond Strength, tplsa.28..Aobie.. sl emsnedietie. see. .6.- 200 min. 
Tei AStrenstinr yp Sa. t £1 ag ib oe), 2 tea Din 450 min. 
ensiiesloncarion.. Percent: e082 og 60 min. 

Shonen Hardness.......dissesrwie’ santas -cp02-negts. baglevet- 40 min. 
CONOT ES sesekidesenccceseseesceere nein. Approximately that.of-Colors’ Nos. 

36314 to 36492 of Federal 
Standard No. 595 

Directions for Use 

The mixing ratio is one (1) part by volume of Com- 
ponent A to one (1) part by volume of Component B. No 
more material shall be mixed than can be used within 10 
minutes from the time mixing operations are started. 

728.03.07 Binder (Adhesive), Epoxy Resin Base, Fast 

Setting. 

Classification 

This specification covers a medium viscosity liquid rapid 
set epoxy formulated primarily for use in making high- 
strength epoxy concrete and epoxy mortar where low cur- 
ing temperatures are expected or when a fast cure is 
required. This epoxy is not formulated for use in bonding 
of new Portland cement concrete to old Portland cement 
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728 EPOXY 

concrete. This epoxy is suitable for use in freeze-thaw 
environments. 

Composition 
COMPONENT A 

Parts by 
Weight 

Epoxy *Resift’ 22.4 2 )tesi eee EAB PRA OU Rs Ae: 100 
Alkylbenzene’. 21. i202: csnetienantines 2G eG 10 
Nonyl ‘Phenol *ccccccee ie AR 9.3 
Titanium Dioxide ASTM Designation: 
DATO VDOT OF TEV. tee rne snes connec nee eee ee 2.0 

Silicone Anti-Foam Type Q............0...2.20c2cccecccecceeeece lice eens eee 0.01 

COMPONENT B 

High Functionality Polymercaptan Hardener~........................ 40.0 
2, 4, 6-Tri (Dimethylaminomethyl) Phenol’.......................... 2.0 
N-aminoethylc Piperazine a npc eee ene 16.6 
Garhon [Black (ics cavnctetetss eerste eae eee eee eres 0.03 
Silicone Anti-Foam TY Pe, .Qacccncscseu2 27 “face ertefeconn2- Fenster 0.01 

1Di glycidyl ether of bisphenol A, viscosity, 100-160 poise at 25° Centigrade; 
epoxide equivalent 180-200. Color, Gardner 1933, 3 max. No reactive diluent 
shall be used. 

2This is a synthetic alkylbenzene in which the alkyl side chain is highly 
branched and contains, on the average, 13 carbon atoms. It shall have the 
following properties: 

Weight per gallon in pounds at 77° Puiu... eesceeeceeceeeeceeeeeceees 7.0-7.4 
Flash, Cleveland Open Cup, degrees Fahrenheit...........................-.- 280 min. 
Golotr(A BHA) sehtescele Sere? etorpree BE a ere cece secede 25 max. 
Viscosity at 100° F., centistokes (ASTM Designations: 

D&88"ands D446 ) iccccctsctese ee A ee ER ee iam ce eee 8.0-8.4 
Bromine Number (grams bromine/100 grams oil)...............0......... 0.03 max. 
sediment and water,.vol., percent..222....22.2:5.2:1)..... S38. See ee Nil 

Distillation, degree Fahrenheit, ASTM Designation: D477: 
J. percentirecovered: thie fie Oe MER pe ae 547-557 

95 Percent .LeCOVEred . Sic oe EOE ee 599-609 

®Color (APHA) 50 maximum; hydroxyl number 241-255; distillation range, 
degrees Centigrade at 760 mm. first drop, 295 minimum, 5 percent, 297 mini- 

mum, 95 percent, 325 maximum; water, percent (K.F.), 0.05 maximum. 

4Liquid polymercaptan resin, viscosity 100-130 poise at 25° Centigrade; 
specific gravity 1.14-1.16; mercaptan value, 3.6 meq./gram. Color, Gardner 
1933, 1. Infrared curve shall match the curve on file in the Department of 
Highways. 

5Formula weight 265; specific gravity at 25°/25° Centigrade, 0.973; refrac- 
tive index 1.514 at 25° Centigrade; distillation range 96 percent at 130° Centi- 
grade to 160° Centigrade (0.5-1.5 mm.); flash point, Tag Open Cup, 300° 
Fahrenheit minimum; water content 0.06 percent maximum. 

6Color (APHA) 50 maximum; amine value 1250-1350 based on titration 
which reacts with the 3 nitrogens in the molecule; appearance clean and sub- 
stantially free of suspended matter. 

7Surface area, square meters/gram, 115-130; particle diameter, millimicrons, 
18-30; pH, 7.5-8.5; fixed carbon (moisture free), percent, 96-98; volatile 
matter, percent, 2-4; oil absorption, stiff paste endpoint, CCS/gram, 0.80-0.90. 
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Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T507. 

Characteristics of Adhesive 

Viscosity: 

PEG IPORETIC Ah DO ISOs cine tact at co ae 25-45 
Hee ag ANY TT a ed Bg 18) ols a RN RE RIE ae Aoerry 35-55 
Spd bed BUTTS VTL i ahs al IS a tM Sale ts i i 6-10 
COST OSB ELL o Sel CAL GRII 2 | D.G- Lycee eet ee ee, eee 10,000 min. 

Directions for Use 

The mixing ratio is two (2) parts by volume of Com- 
ponent A to one (1) part by volume of Component B. 
Aggregate shall be added immediately after Components 
A and B are thoroughly mixed. The epoxy mortar or con- 
crete shall be placed as soon as possible. The useful work 
life of the mortar will depend on temperature but will be 
about ten to fifteen (10-15) minutes at seventy-five (75) 

degrees Fahrenheit. All surfaces shall be primed with 
mixed epoxy. 

728.03.08 Binder (Adhesive), Epoxy Resin Base, Fast 
Setting, Alkylbenzene Extended. 

Classification 

This specification covers a medium viscosity liquid rapid 
set alkylbenzene extended epoxy formulated primarily for 
use with aggregate as a gray seal and as a skid resistant 
surfacing for Portland cement concrete and for use in 
making low strength epoxy concrete and epoxy mortar 
where low curing temperatures are expected or when a 
fast cure is required. This epoxy is suitable for use in 
freeze-thaw environments. 

Composition 
COMPONENT A 

Parts by 
Weight 

Epoxy #Resin’............------2-----ce2-0-----0- SEB Q ASS) Bn-ac tee eee 100.00 
Noayirbhenots i353. Ei bre! st.2 0s. 25 ath tert tA net 19.70 

mae kovaiwenizenie, sree. AS te Fees ree ets. cncceces nf Beene 19.70 
SOUS C EN ALE oe ee 2 een Ra ae ae ap SONG 1.50 
TiOz ASTM Designation D476, Type III or IV.................... 1.62 
SiicomesAnth Coan ypest). Se SF co cnccecosnrsch- teeeeeses 0.01 



728 EPOXY 

COMPONENT B 

High Functionality Polymercaptan Hardener’........................ 40.00 
N-Aminoethylpiperazime®........................ . 136). ie 17.00 
2, 4, 6-Tri (Dimethylaminomethyl) Phenol’.......................... 2.00 
Carbon Black®...........+....25:254:.03.0 erieeee A Be aye 0.03 
Alkylbenzene’ ic A, ee 34.52 
Nonyi: Phenol? 2.2 oe ee 34.52 
GolloidaleSiitas pa es ee ee 1.75 
SiliconemAntier Onli Vpe,Os..0. 2 ee ee 0.01 

14Di glycidyl ether of bisphenol A, viscosity, 100-160 poise at 25° Centi- 
grade; epoxide equivalent 180-200. Color, Gardner 1933, 3 max. No reactive 
diluent shall be used. 

2Color (APHA) 50 maximum; hydroxyl number 241-255; distillation range, 
degrees Centigrade at 760 mm. first drop, 295 minimum, 5 percent, 297 
minimum, 95 percent, 325 maximum; water, percent (K.F.), 0.05 maximum. 

38This is a synethetic alkylbenzene in which the alkyl side chain is highly 
branched and containing, on the average, 13 carbon atoms. It shall have the 
following properties: 

Weight per gallon in pounds at 77° Fu... 02... occ cece eee 7.0-7.4 
Flash, Cleveland Open Cup, degrees Fahrenheit............................. 280 min. 
ColoreCA DA De erasers eae ee ees tne ene eee eee be 25 max. 
Viscosity at 100° F., centistokes (ASTM Designations: 

IDSS8iandt D446. 5 ee 2S a A EN OS ose 8.0-8.4 
Bromine Number (grams bromine/100 grams oil).......................... 0.03 max. 
Sediment land waters vol percent=12.—. 42. Pee eee Nil 
Distillation, degrees Fahrenheit, ASTM Designation: D447: 

StPErCeNnt: TECOVELCG se ee ee 547-557 
95 “percent*recovered es Ark ee ee eee eee 599-609 

4SiO. (moisture-free basis), 99 percent minimum; refractive index, 1.46; 
surface area, 175-225 square meters per gram; particle size 0.015 microns; pH 

(4 percent aqueous dispersion), 3.5-4.2; pour density, 2.3 Ibs./cu. ft. maxi- 
mum; free moisture at 105° Centigrade, 1.0 percent maximum. 

5Liquid polymercaptan resin, viscosity 100-130 poise at 25° Centigrade; 
specific gravity 1.14-1.16; mercaptan value, 3.6 meq./gram. Color, Gardner 
1933, 1. Infrared curve shall match the curve on file in the Department of 
Highways. 

6Color (APHA) 50 maximum; amine value 1250-1350 based on titration 
which reacts with the 3 nitrogens in the molecule; appearance clear and sub- 
stantially free of suspended matter. 

7Formula weight 265; specific gravity at 25°/25° Centigrade, 0.973; refractive 
index 1.514 at 25° Centigrade; distillation range 96 percent at 130° Centigrade 
to 160° Centigrade (0.5-1.5 mm.); flash point, Tag Open Cup, 300° Fahrenheit 
minimum; water content 0.06 percent maximum. 

8Surface area, square meters/gram, 115-130; particle diameter, millimicrons, 
18-30; pH, 7.5-8.5; fixed carbon (moisture free), percent, 96-98; volatile 

matter, percent, 2-4; oil absorption, stiff paste endpoint, CCS/gram, 0.80-0.90. 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T501. 

Characteristics of Components 

Viscosity, Poise—TA Spindle at 77° F.— 
Component Avete ee ee eee = 15-35 
Component: B2::.s2sc-1xsteem eee ieee ee 15-35 

Shear Ratio— 
Component Acwyeeeeree. SIR SE Oe ae 1.3 min. 
Component Bic 75 i ee 1.5 min. 
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Characteristics of Combined Components 

RCiML ie ieet ok eee Le I er See 10-15 minutes 
On ¥” cast sheet, cured 18 hours at 77° F. + 5 hours 

at 158° F.— 
fd ensile. otrength,.p.s.108S0 2.1 ivtisiioreine volte 700 min. 
Hinication spercentad.4 Sous oe. Joo ee 70 min. 
Sa TZe TRUE Eve be). Se ene a re nie eee T 50 min. 

Tensile Bond to Concrete— 
Minimum 200 p.s.i. using a 4-1 Ottawa Sand-Binder Mortar, 4 
inch thick bonded to a concrete block and cured 7 days at 77° 
F. Strength measured according to Test Method No. Nev. T447. 

Directions for Use 

The mixing ratio is one (1) part by volume of Com- 
ponent A to one (1) part by volume of Component B. Do 
not mix more material than can be used within ten (10) 

minutes from the time mixing operations are started. 
When applying resinous seal, the aggregate shall be 

sprinkled in the epoxy film not later than five (5) minutes 
after epoxy is applied to the road surface. 

728.03.09 Epoxy Sealant for Inductive Loops. 

Classification 
This specification covers a high viscosity liquid epoxy 

formulated primarily for use in sealing inductive wire loops 
and leads imbedded in asphalt concrete and Portland 
cement concrete for traffic signal controls and vehicle 
counters. This epoxy is to be used for repair work on 
existing spalls, cracks and other deformations in and 
around saw cuts housing inductor loops and leads. The 
rapid cure allows minimum traffic delay. This sealant is 
suitable for use in freeze-thaw areas and can be used on 
grades up to fifteen (15) percent without excessive flow of 
material. 

Composition 
COMPONENT A 

Parts by 
: Weight 

EP TTES, gid oh.) 1) Rel pee ee ae See RAEN TO 85.00 
rthocreson Giveidy): Ether’... ee 15.00 
Titanium Dioxide, ASTM Designation: 
DAG, Type Til or LV... ii -c0c0te25-02s2 SHO RO. ee, ee 2.00 

Mollpilalesilica: 2.0 2s ea ee a eee 1.50 
Giveerine, ASEM Designation? D1257__... 0.50 
Silicones Antieroamn [ype O20) oa ee 0.01 
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COMPONENT B 
Parts by 
Weight 

High Functionality Polymercaptan Hardener’.......................... 40.00 
N-Aminoethyl Piperazine’. 82) 2002 i ee ES 10.00 
2, 4, 6-Tri (Dimethylaminomethyl) Phenol®............000....0.2...... 4.00 
Polysulfide)Polymenr cco. oonccs0 nace cccciennratereeae cet OOO ae 48.94 
ColloidatiSilica®..-= =o ie hc eee ee 1.00 
Glycerine, ASTM Designation: D1257_.2002......22222222.20.-11-2---+- 0.50 
Carbom Black’aivhnscd “euieiQ.tab-6-noken. baer Dll 0.10 
Silicone; Anti-Foam, Type: Q!c--atetumis.22 Reba fo 0.01 

1Di glycidyl ether of bisphenol A, viscosity, 100-160 poise at 25° Centigrade, 
epoxide equivalent 180-200. Color, Gardner 1933, 3 max. 

2Viscosity at 25° Centigrade, 5-10 Centipoise, Weight per gallon 9,00-9.10 
pounds. Epoxide equivalent 180-200. 

8SiO. (moisture-free basis), 99 percent minimum; refractive index, 1.46; 
surface area 175-225 square meters per gram; particle size 0.015 microns; 

pH (4 percent aqueous dispersion), 3.5-4.2; pour density, 2.3 lbs./cu. ft. 
maximum; free moisture at 105° Centigrade, 1.0 percent maximum. 

4Liquid polymercaptan resin, viscosity 100-130 poise at 25° Centigrade; 
_specific gravity 1.14-1.16; mercaptan value, 3,6 meq./gram. Color, Gardner 
1933, 1. Infrared curve shall match the curve on file in the Department of 
Highways. 

5Color (APHA) 50 maximum; amine value 1250-1350 based on titration 
which reacts with the 3 nitrogens in the molecule; appearance clear and 
substantially free of suspended matter. 

6Formula weight 265; specific gravity at 25°/25° Centigrade, 0.973; refractive 
index 1.514 at 25° Centigrade; distillation range 96 percent at 130° Centigrade 
to 160° Centigrade (0.5-1.5 mm.); flash point, Tag Open Cup, 300° Fahrenheit 
minimum; water content 0.06 percent maximum. 

7Specific gravity, 1.24-1.30 at 20°/20° Centigrade; viscosity, 700-1200 centi- 
poise, Brookfield at 25° Centigrade; pH water extract, 6.0—-8.0; moisture con- 
tent, 0.1 percent maximum; pour point, —15° Fahrenheit; average molecular 
weight, 1000; flash point, degrees Fahrenheit, Cleveland Open Cup, 390 
minimum; sulfur content, percent, 36-40; color, Hellige, 9-12. The product 
shall be a difunctional mercaptan made from 98 mole percent of bis 
(2-chloroethyl) formal and 2 mole percent of trichloropropane. 

8Surface area, square meters/gram, 80-150; particle diameter, millimicrons, 
18-30; pH, 7.0-8.5; fixed carbon (moisture free), percent, 96-98; volatile 
matter, percent, 1-4; oil absorption, stiff paste endpoint, CCS/gram, 0.75-0.90. 

Tests 

All tests shall be performed in accordance with Test 
Method No. Nev. T501. 

Characteristics of Components 

COMPONENT A 

Mascesity; poise; Brooktieldi. eee eee 100-250 
Shears Ratiorn.ck 42 ei ee cece ctctecsteceeeivecree est 2.0 min. 

COMPONENT B 

Viscosity, poise, Brookfield......................1..-cececdcccsenceedeceeeeee 100-250 
NCAR RAO. oak kde ee ee 1.8 min. 
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Infrared curves of the vehicle components shall match 
those on file in the Department of Highways. 

Characteristics of Combined Components 

OLSON (2 peerage te ih Le RENEE Rl eee ae ee 13-18 minutes 
On 4%” cast sheet, cured 18 heats at 77° F. +5 hours 

at 158° F— 
PLCMSME ECCI OL tt D815) 2-0 cece coors cco ee 400 min. 
LEER SEB L? 96% 0b, [ST a 2 | iemecal ine aba A eR Red ee 90 min. 
LLU) EOP ae BU of ons PRC ny at RAR ROR eR pa 45 min. 

Color to range from Color No. 26081 to Color No. 
26173 of Federal Standard No. 595. 

Directions for Use 

Saw cuts shall be blown clean and dry with compressed 
air to remove all excess moisture and debris. For repairing 
damaged saw cuts, all loose spalled material shall be 
cleaned away from saw cut, chipping back to sound asphalt 
concrete or Portland cement concrete and all loose mate- 
rial cleaned from loop wires. 

The mixing ratio is one (1) part by volume of Com- 
ponent A to one (1) part by volume of Component B. No 
more material shall be mixed than can be used within ten 
(10) minutes from the time mixing operations are started. 

When automatic mixing equipment is used for mixing 
the sealant, the provisions in the sixth paragraph in sub- 
section 633.03.01, “Installation,” shall apply. 
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PRrECASISIOON Snail oe 470-471, 472, 478 

Portland cement (see Portland cement concrete) 
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Prestressed (see Prestressed concrete members) PAGE 
Propetties and ttestsi 27ee......... Jae eee 300-301 
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Remforcemenntd..ciAld. ne ee eee Le 384 

Materialsmc..2°aee........ sienaligs Fee. 857-859 
Removalzandtdisposal:ofi_ erie ae 128-129 

Concrete curbs, gutters and sidewalks.................-..2...........---- 545-550 
Concrete curing materials and admixtures........................-.. 797-801 

Admixtures other than air-entraining....................2.-..-......-- 798 
Air-entraiming admixtures#ices | 202). stem. eid 798 
ligdrated lime 22:29), AL ete ae 798 
UU REA CEU PA POL fo. rece le vecc adc osccacdeidlowissuatnalligcasntesis te ee 798 
ViaA COTM: Serpe: OF... eee ee 903 

Concrete slope paving and aprons: 
@Goustructionumethodse) 200). ot eS 536-538 
Cutofiewallshees es... peut sedaciecs leddetaicadcksc a es ae 535, 536 
Descriptions .shavriees. 22 eine. os4) eins 535 
PArIWOGK nat: een ee a seiilstenncnbns MOL ene 536 
Pxpansionejomts.._............ 2 ee ets eset 538 
Mater aise ee... ee ee eee 535-536 
Rreasurementes. fet px worse sti er oe ere 538 
eerie See 5 ge ee a8 538-539 

Concrete structures: 
Aprons (see Concrete slope paving and aprons) 
Bearing< devices.......22.... 2oinuiog bes stole. sesh). 395-396 
Bonded Serouts finish Wik II ee 402-403 
Catch basins (see Catch basins, manholes and inlets) 
Centermngrfalsework. omit eeee 382-384 
Géfferdamstandycribsui. bak eee eli Je evened 384 
Compaction by mechanical vibration...............00002..0..... 386-387 
Concrete deposited .under water.............-...0....--2i0.%.... 389-390 
Construction ijomtisws.......... 42. ae T.ooe) eae 8 390-392 
@onstructionmethodsineh2irnet stem. eehy 375—404 
@ulverts*(seevalso..Culverts) _.....u2. 2nchieou sole 387-388 
Curbs, gutters and sidewalks (see Curbs, gutters 

and! sidewalks wi te:45 noe ooltaize..coeltase. 545-550 

Curing: 255. 2:22. Se Qin ont ste 396 
WEpth wal LOOtiN G8... en ceiecvc deere A RO eee 375-376 
Desetiptioniaiy Ais Ai). kt... dan ete. pi sent Bhs? 375) 
Elastomeric. bearing. pads... 22.2224... ale 395-396 
Expansion and fixed joints and bearings........................ 393-396 
Falsewoukh Sirk), 0064, Ce ee ues 377, 382-384 

emovaliofet 20) sss Se 392-393 

Filled 4joints..20..2: 221.52... 40h oy, Solem, Dpelesnriss 373 
PMC BSUTL ACES socrennesecscs pecesd sezeneriviicess AORN 402-403 
Bimishin gts. ere... .. RIN dona wigs 396-403, 927 
Formed surfaces requiring finishing...................00000000000.2.... 401 
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FoOrms......... 7maiam Sistine heseariee ase) begees 376-382 

Corrugated. metal”... ases) _Bas-2stiaseos 379 
BEY WOO. ccccenrcvscoteet lear octnn a core 378 
Removalols ee ee eee 392-393 
In--vicinity-of_railroads.- - =  laristehe ase 377 

Girders, slabs and columns_...... to-dezoqaibh- hese 388 
Handling and placing concretes.2. late sree: etm: 385-388 
Horizontal surfaces, finish of.....................2..------222:---00-+- 396-401 
JOMtS eve ec BOR SS eet recites eee 390-396 
Lightweight concrete (see Lightweight concrete for 

structures ) 
LiVG4OdOS mbasteeerie ce ee ee 403—404 
LOA LOStlICUONS occgeteceng eect career ae 403-404 
Materials-.........-....-.....c-.....-.... 2201S Die wary erie ees 375 
Measurement... ehadiein mia 404—407 
Wixine concrete... eee 385 
Monuments (see Monuments) 
GHD GDA OIINES ages cece tee oes eae oreo nara 393 
Ordinary. surface. finish._.’-___._........-........ 21}. _noearage 401 
PARC OINMIE okacouce. ste trork tee eecaon eee 396 
PAyDIONt.. cou c.croacec eee ee 407-408 
EROS pacestrg racretoanede ai ieotcs cma nce ee 476-482 
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Culvertsiemc Dat oniver- escola sinronol) sep ere 387-388 
Girders, slabs and columns.................202.0aL.0bt 388 

Pumping concrete... ein aoe sb 388-389 
Pumpinmiwaters eclodece erniiaed dote ssa) eniesd a 384-385 
Réeinforcement.* er ohareeial aes, 384 
Removal of falsework, forms and housing.................... 392-393 
Slope paving (see Concrete slope paving and aprons) 
Steel joints... atin: rab: hetrennsh sisi 393-394 
Traffic bars (see Traffic bars) 
Tremie or underwater bottom dump bucket................ 389-390 
Vibrators, provisions. for.._.._{ zis). -oele sae) ete 386-387 
Waterstopsiishiug 21 oo2). eaiswable Dre eetiie 2c 394-395 

Concrete surface, existing (see Existing surfaces ) 
@éncrete surface finishing material: : eee 927 
Goncreté. tests; properties and ..-0.-. Beni Foe 300-301 
@oncrete lise items, paint foro 02.0... eee 862 
@onditional bids_.._._..._____.____._____._....._ shea. eciieed. ocirsmolesi= 20 
Conditions of employment, wages and...............0000.. 117-118 
Conduit: 

Irrigation systems.._.-5..00202 a ho evo 207-208 
Perforated metal. pipe. for................................#nier. balls 847 

Conference, “preconstruction ...0.c.c neopets eee 87 
Connection angles, steel structures.........................-..0.--.0ke 447-448 
Construction: 

Joints, cement treated base............20 237-238 
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Signs (see also Signs, construction ).............. 111-112, 745-749 
Stakes; lines..and. grades_._tattdaes. soont frre. ore. 38 

Contact joints, Portland cement concrete pavement........-......... 314 

Contract: 
PuteraviOns Gk LA a.........10. zgmmet sniliow boevensl 25-27 
PASS) PRION GOL ceri error nt tO. HOMER ens 81-82 
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Modificationci. 22240 stl Aupaletistere corpo if... 34 
Proposal forms for examination Of..........2.....222.00-............ 15-16 
aopecialtyitenrs” coc Lon ineiisowdoe tentege erst) 345 82 
pucletiine Of. I a  ....; 81-82 
‘Letmination..of.....__..............____.. 19.20)... 2ovizoles..... 90-91 
Time: 

Commencementi(0fai hits. nalizatew.acesbas Lik 82, 89 
Completion.of.c.cmtrisboecestiqdns cleinsieaM -._... 87 
Defined i220. tpelidiae bos sonsicaysoo oilduyd 505 4 
Determination and extension Of...........200220222.2..2........ 87-89 
Failure: to complete work! ones. boczinw) sli... 89-90 

Contractor: 
Change‘in/operations.22....tunzeq. wd Danede_.2aonetme. 55 29 
Conformity of, with plans and specifications................... 34-35 
Cooperationiby i... 0. niin! 35-36 

Between scontractorsial oan r,_2siiagan vin) 37-38 

sr” es eat >: eee sn, owas 36-37 
Default and termination of contract...-.020222. 90-91 
US TPE 2 29) Sane ia nee Ai fietneries..einemsitn? 4 
Delays in completion of work (see Delays) 
Equipment... 22862 culcote. nose spams 84-85 
Failure'to execute work..._................_._..._lahsienix 33, 90-91 
Fair Labor Standards Act, observation of.........2.....2000....: 62-63 
Paraerialistatementiol.. cee 13 
Dégal rights; no -waiver).of....2... 222) Jo. poliellewnl 22 78 
Licensing @f20._coe_____.__2inemeotiupes: 2lensigh 19% 61 
Limitation‘of-operations.2:22. lor Loe slee Pines) zeit 83-84 
RisthoUss Sins Sher piri ae ae 84-85 
Noticesien clo) ppidsiow..ot 2onilse mort 2oldat nope 13 
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Responsibility for (see also Legal relations and 
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LOleCHON OL. eens ee 71 

Artifacts,..préservation. of......................esSeb...enetl 71 
Bituminous materials, quality of.............00000e 803 
Claims for materials, supplies and labor.....................: 70 
Claims against subcontractor.........000..0.. ee. 70, 81 
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Explosives,..use..of......... poner 69 
Hauling equipment, damage caused by.................... 40-42 
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Materials, supplies and labor........0....2..202002200.... 70, 75-76 
Public convenience and safety................. omtet! .... 63-64 
For sanitary, conditionsxcets!). be: alieuineetet 22. 63 
State, furnished: materials..2..2t:ln amass suutiad...... 59-60 
Supplies 53 ee ae ee ey eee 70 
Surfaces, opened: by» permit..._.. xmeiteiewn.2i-enead 62 
During suspension of work.................0.00.20.22220000022------ 87 
‘Lenmination cof. fo... ou ed oes 91 
Utility properties, protection and restoration 

Of. .cxistine (org Existing set oct lh 62, 70-72, 76—78 
Work,and: materialsyinid. to. 2otavimest bas ie 70, 75-76 

Supplemental;,:agreement._............ 10425227 
Working drawifigssix{i.cen). dyew.lo.noleliaes. she 11, 33-34 
Workmen's, compensation............:.....-.--.-.-5.2...... Serres 69-70 

Controlidofamaterialisee:) .onen socket. slgnexs.ot asaie 45-60 
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Gonductors:. Ss: 591, 605, 612-623, 625, 632, 656, 658, 693— 

695, 697, 701, 709, 714, 717-718, 721, 728—729, 733-734 
Conduction: neamagncnt 605-609, 623-625, 628, 634, 736-737 
Controller: 

Auxiliary*movementik.... 22: 597, 643-645, 642 
Generar rus: 592, 595-597; 621;:635=698) 725; 7287739 
PLGUSI Se eee ee ee 620, 634, 655-658, 662-664, 

680-681, 684-686, 687 
Phasevskipw units ee 639, 642, 644-645, 664, 674 
VETS ee PR tno noes ine ne nrstntrertncest 657-658, 664, 685 

Controllers (see also Controller-General) : 

PLETE ere er eee es 597, 635, 658-664 
Trafhicwactated 2a 598, 637-658, 664—686, 690-698 

DSETIITIO TS ere en rere es 595-598 
Description 2 ee ee ee eee 591 
Detector TOUNCATIONS eraser ene eee 598-600, 698 
PELE CLOT Sortie rear ae een oer ner cannes ov LAD onan nRan RE ee 690-699 

Raising or relocating existing pressure-sensitive.......... 698 
Equipment list*and*dtawites..- eee 592-593 
Excavating ‘and: -backfillin gees.2: scent BO 600-601 
EEXDarSION HItein eS tiene reer ey eee 612 
Field testsxeecccn Ok 2D BER -OOIG 595, 630-632, 647, 695 
Flasher-and’ flasher’ relayi@.). 22972. eh Bon 646, 648, 667, 685 

Flasher “beacons. 2.551 2 2Oe Gs) OMT LS. Eee 724-725 
Flashers-200220... 82 ok See BR” eae A 596, 662, 725, 736 
Flashing operations..............22.2....... 596, 631, 635, 636, 648, 661, 

663, 675, 677-678 
Foundations :s:::tic2iiesessinaesit DRO NOe: AGRE 0 40 598-600 
Galvanizing. 212.22. Seon? Tn ey OO0 ) FE 604, 632-633 
Interval ‘timer, pedestrians. eee 648-650 
Luminaires: 

Fore sen tarrwezrsssscezesenines et eae at eee 704-710 
Geéneralkosciasucunci nee 703-718 
ANCAMNGES CENCE scsscdo ses essaagancctckecte ec eaareteet a een a 710 
Mercury -vaporiciim ith Sierra ett ee eis ier 703-704 
Sot. and -wall=mounted:2 ee 710-712 



Signals and lighting—continued 
Maintaining existing and temporary electrical PAGE 

SYSUCHASS. 125i! Deis ase ARO. Roden 693-694 
IWWaS Lat TAS Po As 35 tes tn cs ceed 2h coc cat coetcceecens ONE 602-603 
Materials t-te: ee Saree. eo eet hii Pesces sc 598-600 
Mouritins “brackets avrie. cei: .20.cedcitels eaiwcicdteeecisectsce TN 689-690 
Multiplem circuit Dallasts 208 wet ihiuneessi RES VAR 7351 
Operating voltage 2902 Bie Sivscssgecssctesessi asso UR 637 
WPCA MP UNAS eect ee cere eft ees see 686, 700, 701 

PATENT ot... tns caso teeta iO. ome. fet 633-635 
Parts lists, instruction sheets and.................... 592-593;710, 715 

Pedestrian push" Duvtons xtc cts DRA 637, 699 

Srenal- Paces hers keewnweienre o eor 597, 686-689, 701-703 
Sionalss=Walk-Don't Walk”. 220 2n 28k. 699-701 

Photoelectric’ controissa: ke eee 702, 725-728 

Pre-timed CONC On lel e8 sas ue oases ascccees 597, 635, 658-664 
PU" DOKES A eet eet Be ce SU SOP Ao 610-612 
Push’ button’ posts«and:guard>posts.c.c. 22.222. cx. Se 604 
Radio interference suppressOfr.c:22..00:8 222208... SRL aa 637 

Railroad*prée-emprons. BOCs ELON Lee Mod 636 
» Reenlations“and"codes:c. ines ee OY 591-592 

Reinstalling salvaged electrical equipment.................... 735-736 

Relays: 

Crallitte Getector.. ot ee ee eae 650 
PiecctiOual “CEtCCLOl ee trcerese re eee 650 
PRE CLT AION ee ee sn 646, 647 
Pe LASICY eee ete ee eee eee 646 
LU SA EY ace decane eb a cae tobe h ith apaeephabt teehee igen os fa 648 

Removing and replacing improvements.......................----..- 601 

SS QUOTES FTC] 0 Pian “alarm REAR Eppes oeRee tdi 395 

Salvaging electrical COuUIPINent..........-.----qen-ccncas-ten-ceape-aceoauq 735 
eee OROTEWODR feet ea Lee eee ees 594-595 

PRRINOS SCILCINE SD AILABES 40k <.-.-ccucsuc-...022)s05~a05s>-ag Bing Fuk on S08 732 
PA ORAT AS = COM CUCION Seca sees ndce ees 709, 714, 717-718, 721 

NICS (oR Ef eer NOT OR PPR EE 728 
Piuitplemtrans{Ormers,...0..-.).:..24..2.....-- >. ae 728-729 

Service locations and installations..............-.....--.....-2.---- 625-629 

Sign fixtures: 
Fluerescentss. bee -atodsees. sl eosgnuis:-.2esiieltrm 718—724 

THEATER CEM ERS I ccs sn dan dxenin sdantcec TOE 724 

DLOICSW ELC MES Manet eee ns cede ocac takebtec cdc cence, Oe 630, 721 

CT ET LS EVGs cam » 5 eiaas | chs mL ee se 597-598, 686-689 
Sena ead “MoO uN tin oeeecsey seek es seas tee sch sckits he 689-690 
Standards, steel pedestals and posts....................-2--.2..---- 601-604 
Stockpiling salvaged electrical equipment........................... 736 
0 a | OY den he 9 ant: hen tanta tttehesh atl ae ttta ind lps Wels stay 614-623 

MA OLCG FOE] ONS toma eon poeta eats ae aie ithe cnpmetuerisiks oc aeonpe le 629-630 
Signs and barricades, partial payments on........................---- 748-749 
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Signs, construction: PAGE 
Construction imethods. vxe:esi26) bas -navlelee ee ite 745-746 
Contractor’s responsibility........................:::::eeeeeeee 745, 747-748 
DOSCLINUOD. 225) csscassesocretttin hte. 312 25s SO eee 745 
TCA TIONS oo cs er ee es 747 
Fetohnts: £OL. .cscccc.scceel-inrectsacdevacsarecusioeerccecn ele 745, 748-749 
Water ial Sa cccincecdersdee de wacocenoucccess.-. SUL ee 745 
Measurement.....~---.senensasaenrnantaseinnuisassssas SRST ee ee 748 
IOUT a eter lena 747 
Pastial> payments >On hence cc ens oc ccnsasteceuaceo 748-749 
Payment C2? cence DRE SOAs pear what S 748-749 
Réflectorization. of... 00) Svcsccccc::..2... eet ete ee Bae 746 
RéMovalORs. TOP. eos nteecka eo ROR Be 745, 746, 749 
Refital “of... es oe Pe ee ete a eee 745, 748 
Roadside” Signs: :s:cs00 0 oe Wi ea he es 746 

Signs, permanent: 
Ahiminum sheet panels. ....27 ni na gee Jom, 17 
Backgrowund......,..-.---.--.20@--bseue-hes-piege:, oo tie deat 756 
Construction ‘methods *"*.... -2ssenseers saaee tia: 756—757 
Cut-out letters, numerals, symbols and accessories............ 756 
DeéeScription ee Bi Beek Saas lee 755 
Fabrication.......icoecluse-leskticala bee cian waeleass 755-757 
Prarie stip DOF UT Oe nets eran eetere eee ee 755, 757-758 
Trista 1 atiO niece cere cc cece een loeeconer ere ee 757-758 
Islands ers 5 See. Bi ee ee ete a ee 757-758 
Materials. 0 Se tee beers steerer enn eee 5 Se ae eee 756 
Measurenien ee rere OR re ey eae 758-759 
Lge gob 31) AS Serra eran ere eine iene ents AEM Ry Rope. 759-760 
Ouality requirements nena eee eee 756 
RGHECIOTIZAUIOT ele rreioss ores rere ee nearer eee 756 
SHO PCCr a with GS -ssse roe ee fé%) 
Sion #DaCkKarOundeee eee nec ine, eee ee 756 
RU Eat AR a AB ae Sy Slit 2 Elana hap tO AO, OBR BS 756 
SEETERISI LEIS ere Soe arene enh nnnnmnreln ere ene eee 757-758 
PE SSUES eae, SE eer tnrenersenenns -o ane -yeen AN eee eee 758 

Signs, temporary: 
Backgrount ee Oe eee f ini 
Barricades and markings..............2.....0000000c00ccceeceeeecce 751-753 
Construction-methods: 2... o.oo conan eee 752-753 
Cut-out letters, numerals, symbols and accessories......751, 752 
DDOSCFI PEON orceeteesrouciven armen et exesdadoneenecrae son ee 751 
lnistallation of: tiie ei i133 
Materials 9G? oor: -ccn-e-o ornate eee iA 
Mensurement?!. 5.0000.) seco ere ee 753-754 
New signs, partial payment ON...........2.....2..eeeeeee cece 754 
PayMenth sities tole tritee sn acer ia herrea oe ee 754 
Removal and re-erection of-.-.2.n 222 753 
Sion Back 2rOUnC ns et rere oe ee ee 752 
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Signs, temporary—continued PAGE 

Sipn faces; preparation: of 2220819. 22a, Ae 752, 753 
SIGN POSte 18ers PII EIE SU OPIN Aintiesy yieg 
Specifications covering materials used in...............0.......----- 751 
“PCStSER PO Dacre orn AION NIA Tete Tanah TSA, 752 

Sills; timber construction: cesses O28 SU ORO, BERD 463-464 
siphonspeoncrete and clay =pipe......c...-.....c0.-2ecc0c-c.csenocevivcde ee 845-846 

Corrugated metal pipe and metal arch pipe................ 503-504 
Reinforéed iconerete *pipe mise ee ia 498, 845 

Site preparation; ‘lanidscapiligiisiixsiccccc ne PON 186 
Site of work; examination: Of: ::2:ccs:cccccccecssecscccececcs ASRS 15-16 
Slabs *concrete*structurés 2.3 02 820 BOs eon OOS eno 387-388 

Precast prestressed concrete (see Prestressing cast-in- 
place concrete, and prestressed concrete 
members) 

Slides and slipouts, excavation and removal of.................... 136-137 
Measurement: forienitiitsccscemereeensen 104 22-03, 23981, BOR) 152 

Slip joints; ‘down drainszccecssetsececossescessceseeee LOL ZIM 8 521-522 
Slopes: 

Cultivation -Ofsescs2ctcszeen SAN Dob FU SID IC 176-177 
Excavation and embankment..........................22--2-200------- 134-135 
Paving? concrete.o::. anise aie Pe Donele 535-539 
Rounded and transition .......2222..222.s22...c.0.00010000sseeteeeene noe 155-156 

Society of Automotive Engineers, defined..................2.............-- 2 
Soil (see Topsoil) 

sources,’ of locabvmaterial sccczeccssessceteeeescec cc AE 47-53 
Of supply and quality requirements...................0...........-.- 45—46 

“Speciab detours,” payment» fores2:23 2), 2UST sane 28, 742-743 
Special provisions: 

Coordination of plans, specifications, supplemental 
Specifications;- and s.cez-c-ceceteeeeeecee see 35 

DDG Hin ce cee ccesscncctsten cence I, (SONS) ID 9 
“Specialty-items *for-contractiscicseessseeccnss-P PO LE, DERG NY ws 82 

Specifications: 
Cite AEs: PR eer ceccece eerste tees sttesestsrcee ef LAU SREP Ue, 57-58 
Conformity wither Ae BE Be eT 8 Ot, Bane es 34-35 
COOrdination sore ye Sea LTO canon 35 
Definedsckl. Senet, Me BOON 8 222) SIA 9 
Examination» Ofi-228-20s a SBS ae DOU 15-16 
interpretation-of plans’ and. 20). 2122.00 eat ee 34-35 
Preferenceorden OP 22 3.2.. RO28 12) Loa) 28) 35 
Repetition of expressions, avoidance of......................-.... 11-12 
Supplemental eee Ae nnn se secs sscsczcecenncacssecssasesee tL EUS 10 

SWC CCT CSETICLIONS # LOA SATO si io csneccnn cement PO 40-42 
Spikes timber Structures ssi 22 escseecsescscesecsectsseceas he LOL BRNAUIS 465 
splices; reinforcing~steele<:c:2225:..8 00S) Bes. PS. Bi 433-434 

Stechestructures:: mee SA 92 S1ONOTK DBE 444-445, 448 

Spray nozzles, irrigation systems.........................l.-.:s0cceseeeeeeeeeees 25% 
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INDEX 

Spreading and finishing (see also Finishing): PAGE 
Plantmix bituminous pavements.................-......2--ce--e020- 259-260 
Plantmix. bituminous SuUrface_|...............-..211---:--<.+ ghee se eee 266 
Portland cement treated. base...:...22.-<-ces.000ccc02--vedesienewelise 234-236 
Portland cement concrete pavement......................-------: 311-313 
Roadmix bituminous surface ..............-tee:setemee oot 278-279 

Sprinklers: 
(onnections...emwe . date leters. fn neler -lotece hatonine 208-210 
| 5 Cox: Y6 ke ae enone ERP Oy ey ON Slat "HIE IT SS 201 
Irrigation isysteMS_-........-.---....-0)-:.ageive cele oe ee one; 

Stairtless steel DOS <.ccoe22 8 encase re 852 
Stakes, construction, lines and grades, preservation of.............. 38 
Staking andveuying of planist. <.22).ctescpc., decnen ten oe 191 
Standard sstee lasewserr. 5. behets ot nn. a Perce eee ee 851 
Standards: 

Federal Specifications and Standards.................:.0..-----+-+- 2. 
Bencing. metal Sates TOT... -cssy scape 2s eee See 911-912 
Nretal rail painissiOG o.oo cee eee 861, 862-863 
United States of America Standards Institute.................... 2 

Staplest brace, wite and nails. ..-2.-....--.<cov.s-<:1--<<--/9ese= dapyee BEPC 911 
State paenine de ooo occc coos ccen co cnc cas earn ed te 9 
StatesFurnished materials 0 s..2-ecco--cosseece-cseeseavcnySaretece haat ee 59-60 
Steanr cleaning, painting. ....................-..aideanaet.h igi 555 
Steel (see also Structural and eyebar steel): 

Bridge railing. “paint fOr crc... 2. 861, 862-863 
Guardrail materials. 22 2.1 Vo) eae Seas 895-897 
moints.. concrete struct tes 4-. ne. atta eed eee 393-394 
Jerchtsstandards, paint TOT... ...-2#%. sannciae: 0 seeenee ee 861 
Paint. fomstrictural steel... 22... eee $55=—557 
PileS.:.3 Lotemneccy loreesen, <a opeston Pecos. | ge alee So es 481, 855 
Pipe fOr pOsts 6825 cis. oic J. 2,2 eee - seca 886-887 

abUlar. rence material .2.2-.0).-s.4 ee 908-910 
Welded seamless. ......:..-......-t3aeteiks eo Cees 852, 883-884 

Plates, edee. planing is.c.2c. no. cccadca eb eet oe 447 
Surface, TiS oon soon eticeee at ee 447 

Prestressing (see Prestressing cast-in-place concrete, 
and prestressed concrete members) 

Reinforcing (see Reinforcing steel) 
Rolled material, straightening of...............0is2.cccstsussesees 441-442 
Sheets, for object markers and guide posts.................... 899-900 

Guardrail construction (Reflector plates) -................ 896 
Shellfor. piles.......3o..sasebternta-.nqhonsse. Sn. cee 855 
SET Ts EV re Enea ee REE HE SS REN 851 

Steel structures: 
A DULEITG, JOUNES «oo ceccssccneesecoscna<-cea-nss-c- << Seer emer 447 
Annealwme. and stress. telieving... tants pests eee ee 451 
Bearingiand anchorage plates.....................-sssesteseas-. 454-455 
Béeinning of work, notice: Of. neizaeun matteseet.scleened 439 
Bolts and: boltediconnéctions 2 2. se eee 445-446 



Steel structures—continued PAGE 
Bolts, nuts and washers, material requirements............ 437-438 
Constructions methods: fh2etage. Sys fee a eh 438-456 
Description scacccesesserseees RE. RANA. OT, Beh es 437 
LITAWIN QSPOSNO Pdeneanerdwtenicnnee St SIR. LR, AES 438—439 
BCS ph ANN Bere cs aeece row cctsscnccceestnininrduitinnt DUA 447 
Elastomeric-bearing padsiit. .WEc2. DOK. 222A... 455, 913-917 
Pndsconnection.-anglesige s9ate tsa tene eet Be 447-448 
Erection methods and equipment..........00000000000000000200.. 452-453 
Facinesofebearingistrfacesi, 2a TL a, 3 447 
Halseworkietescs. ....... AJ 2natn 2k DOM, oot Se), At 454 
Field assembling and riveting................-+-----s0-ccseseeee0-- 455-456 
Pield «painting wh. ek. 2a Re ee Le, ON 2 456 
PULA Se- CULE ase ests nrcensiccnswecees nl RAE, FOR 2 447 
Inspection rand ‘testing O fein R PON IA... 439-441 
aatin PEDALS eHaS, sssesAiecesanecsscmee dt OEE. IS 448 
Marking «and: shipping .cteceel See Sa ee ee 452 
Pa teriG s wrt oa ee, BON 437-438 
IMcasUrement#e.20C 182 See Ine ONe HRI: MOTE 456—458 
IVA AS TUES eee rel ss pe5225 I SER POD SE LY, so 456 
Paintforsiconsandisteel use iteMSinccesrevcncxnccencerece CRA 861 
Painting (see “also Structural ‘steeél) 222280. 452, 456 
Rayne nt emsercinsisien-. sarees. A LEY... 458-459 

Pins rollersvand.pin. holesiz<.:f28). INRIEIe, BEES) 451-452 
Rail,posts;- erection :.::220-2:..808 BAS. 2, eS 453 

Peeeatil eh) 1\ See cee et ae ner een mR ee)! REP Ys 1 Bees 441 
Rivets holes sce stecgvessteszcnssccecsssaeitssease th BAe 442-443, 444 
Biy6 thetegsn tet renee chee eared aeesersicetee SO. 1PIRE, PRE 443-444 
Rolled material, straightening ae pegtydcninecrades eee Se 441-442 
PROU CLS cosh uses tec << carscuenncettecestecesng ete Ro eeN «eae Hc dddeee ON 451 
SHIT D IN Pea DCTS seek oo. acc c ncrecaxpawase ces. /2cd Ree ee 452 
SEI Di sOSSCEIONY see ccgaa senses pra taet cnc caaue ee scuai ti oussibcscxeceais) tee eS 446 
SIRES PEE ELEN Ol pated crea pet ses ceca otas cycenakndianias sdncs Soros ES 452 
SHO PC ELVOEIH Ge secateas Senrada-< Pep ecatlouccaysscces AIST ROP EL SRT, 444 
SELELCTICT Seed it bG) Eitetirst tage ata sa ace taadse ccactec sos sosdeee.s NGS 451 
Storage. Of structural> materialise. ee. 441 

siress-relieving;fannéaling ander). VANS. eee LR 451 
Stud"shear connectOrsiowtie 21 129] .2- 852) wigs aks 448-449 
Subpunching, drilling and reaming.....................2.......... 444-445 
Web platesiit ee 3 ener AO BOMBERS POT 448 

Weichtsecalctilateds?}. Je 18000 wo bn 457-458 

VV SLi a eeeescse PRORIOU 20D. DAB 2PTuIo ie Ae... 449-451 

Stiffenerplates;“ galvanizing "Of AwiAN Re. 28iF. DR Le 884, 886 
sliffenersont of steel, structtiresitie tae, noes ee ee 451 
Stonesforeamasonry and iriprap. 0 ee eee ee. Be 833 
Storage of: 

Ageregates,. lightweight concrete?...2022........A Le 424 
IEG AES 0 Oo) sain ret oe 2 a es 58-59 
MateriaisineatptallroadstrackS).2..55....0. 2 See 65 



INDEX 

Storage of—continued PAGE 
Plants; landscapingicbn Uantieiin:.. 2tedenm.bas.2hse-.see 186 
Portland cement concrete aggregates..............-..-------------++-- 354 
State paid for furnished materials......................22..--.----+---- 75—76 
Sériucturalsteel!' materials. 0352) .0_.........2voelu....2g pres 441 
Timber-and imbers SU oe, cnsacnccnianeteser ee eeRelee 461-462 

Storm drains, concrete and clay pipe for........................---- 845-846 
Straightening, rolled structural steel materials...................... 441-442 
Straps, bars and braces for SigmS........................:---------sce-eesee-00-- 887 
Straw mulch® materials, .......-cac--...20 eho. tinged..2aawe! 921-922 
Stream channels (see Ditch and channel) 

Sireetiedefined (00. 18 on ieeeia Rng Aeon Blais 9 
Stress relieving, steel structures...................-.....----csdcoLosbeett--leleeece 451 
DIMEN GENS, FOL SLOTS pice ces ig eaten ds epapesancnee Senacentec, SRR EE ED = ECRELES 887 

For: timber structures...............-..22.-Hlaet. bee -eatisss 465-466 
Strip’ products,’ galvanizing Of). 2/08 0"... ea eae st 865 
Striping (see Pavement markers) 

Structural and eyebar steel: 
Cold-formed welded and seamless carbon structural 

tubing in rounds and shapes..........................------ 852 
DiefeCts oe. scisccecscssscssscsanseBteois eet tests bes .9est. set see 851 
High-strength, low-alloy structural manganese 

vanadium steel x <ccccccconenexetecceencuo-taceenpace, SERCO 851 
High tensile strength bolts...........0..21.22222--222.----seesliceee-- eee 852 
Physical) properties: and. tests...............ceiteess..2e. Eee 851 
Pines) amd POW CTS. 8 a ee ecpereeesveenen ove eres RU ee 852 
Shear connector studs.............-------s----+--+ coisa eglad ae 852 
stainless steel sbOltsas 20a. ccieccvcovesayeuesssesee weptieevescess ee 852 
Standard Steel) Vee! te. ssleeddoiciis teizetors bolle 851 
Welded seamless.steel pipe ...c2sesseccesese---cesee-eaze--o 852 

Structural steel: 
Paint: fore, 228 Ta sneer, Ie eee 861 
Paintinie ite BOGOR sce oos secre zeeweaesesd Eee 555-557 
Surface Preparation. .......cccgserevesseesersserssevnc-- GEES 553555 
DUDA Bae BB tee sacctitediecrareecde tO ee 852 
Weishts.02... 288.2 a tetanic: 457-458 

Structural timber, quality requirements for.......................... 891-892 
Structures, concrete (see Concrete structures) 
Structures, defined)... aie bee oll pelione eee 9 

Stiuctures), excavation ‘for50, Aa. Ae ees... .apetele A 159-162 
Structures and obstructions, removal of (see also Removal 

of structures and obstructions ).....................- 125-130 

Structures, steel (see Steel structures) 
Structures, timber (see Timber structures) 
Strutting corrugated metal pipe..............0022..c...cccecceeeeeeeeeeeee eee 502-503 
Strutting structural plate pipe........0...2...........eecscceeceeee sence seeds 513-514 
Stud shear connectors, steel structures..........2..200.....22.22..200--- 448-449 
Stumps; Ténioval. of 05. RG0ce 0) ee es 120-123 
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PAGE 
Subcontractor, contractor’s liability for claims against......70-71, 81 
Subcontractor, define dices SISEUR AIR BOR 9 
Subgrade: 

Cemoerntatrentedsok.. i Ak RS. 2 RU 795 
Me fined 22-0: tes ot ees teten cc eee een ARISE, DOV HALA AU 9 
Material, ‘watering*of....0.......2.0.0 020 VAT 26.100 173-174, 903 
PAPOV i Ne scsceesecesseesctztercie esses egeeeeieren ezranesdenndeancsec RID 798 
Preparation, aggregate base courses.............020.02202222202-202--- 219 

Selected material base or surface.........0.-.00220222222220.... 215 

SUDleting GPeOntractecceu ws cuesesticcceesteceentscceeeccsese seer X MAINS 81-82 
Subpunching;. drilling: and. reaming. ...02..-20.ncciccccet eee ece enw 444-445 
Substitute methods or types of equipment..............0.222.2222 85 
Substitution of plants; landscaping............................2--00-00..0.. 185-186 
POCELISUEECHENONING FEE CELLO PCINI OSL OC 1256855 ntsc eae tceeeneewnteooe 434 
RFCUSTETICLUE GS, PRIGIRELO UL POU Be sre ns cosee tennessee cnte nc Sasi ncecee OS 9-10 
Substructures of existing structures, removal and disposal of.... 126 

SAESSUPE LAE inl OESIT ALTON gases tate eh her eak Cee 15-16 
pliperante ndents Gennes te ..ee sd ht tee ee 10 

: Cerra Eee Uy) ES ae arin ncenetin tate) Agente tensr:s renee OCR 35-36 
SUD CUE aT COMICTI Cts. er en i tore ei Aa. SIE 26 

|e os C51 ess i As A ER RS A es ARR RK Rot a aad 10 
murpplementar specification, delineate 10 

Supply of materials, source and quality............22.2222e. 45-46 
meULeTy = thCNe ea ak ec ee eee ee 10 

PRES TROUSTUTLIL YS OT ee enna ae eee 90-91 
SUrisce-tOlcralices (see. | Olcrances eee 903 

Surface treatment: 
Fog ory eS aig ala 1) gas aan saree > we ema a el nl fp 
Application of bituminous material.......................--.-....------ 297 
FA DDIICALION OL, SCLECTIN GS <p. pcetecnreeed Soren geoepbteecis-wcn 298 
LEE Ep aS LTE) Mined So) hc SpE ea a meme ot Ol Sigh ates 295 
Braintaming trafic Gur Oresn pape bees til eh ost eee A 296 
Miterials............2tenb ote tencens Bact ctt an agbecmasseve- A 295 
Ptennata Ona SUTIaCe tote et 296-297 
fe ee ae ee Pree) ar err Terk 296 

BROIMIN Go concocsnessernerenersace SMU LO TS. Jobs. 26-oltoees 298-299 
ROUND fon Ph ee Sokeedaen. 3 295, 298 
Witter for iquality.ofs. 2.4. ..3.\..eioronon tdelowtee) | 903 
Wea tCielinitatonss 22258. coes nena --n--2s---- I..be.] 296 

Surfaces: 
Existing (see Existing surfaces) 
Opened by«permit,.restoration.of.............-.20ni2 Inananes 62 
Selected material for (see Selected material, base or 

surface) 
Treatment of (see also Surface treatment).................... 295-299 
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Surfacing: PAGE 
Bituminous plantmix pavements.............222......-2-.2-2-:2000++ 243-264 
Bituminous:roadmix)surfacetu:2s4) 2... beehch aeten 273-282 
Materials) qwatéeringsO fA srterie te. ..cci:asccssaneacanscaceciee 173-174 
Miscellaricous:areasovis once east 262, 279-280 

Surpliscexcavated, material... .ccscsesncnscareeescpasespacacc=:ss:c eee 135 
Measurement and payment....2..:.......-8.-e)eetc--lake 151-152 

Surveyemonuments! siresiieet ste alerted 587-588 
Suspension of work: 

Contractor’s responsibility during.....................22:::.:.-2-0------- 76 
‘Remporary. ieee Duch ond.ohe weet)... sqantacn: Bee eels 85-87 

T 

Mackrcoatiete..esitewieine 08 2c 2 ee 283-285 
‘Bampinesrollérs:onsheepslootse) san: darrete <cottahee-Ses- eee 146 
SLaroetaniem bers sear eter to o.oo... s0kacnecana~ad> gg dh pee ee 583 
Target plates: 

Base: Metabdieweste pov pele gore) ieee ee 899-900 
PAT ARECOT 28S. iC. 2 ctl ee Sa eo eke 900-901 

‘hax refindmotor fuelstiou .ractucal. mareseate.... ee 20 
‘haxes, permiutsslicenses andi privileres.. -.se ne ee 61 
Tbelltaloss installationg Ole Metin 2 ee ee ae 66 
Temporary pollution control (see Pollution control) 
Temporary signs (see also Signs, temporary)....... 751-754, 867-887 

PGi POAT YVGSIISPELSIOME OL Wy OL a ard 85-87 
Termination of contract and contractor’s responsibility.......... 90-91 
‘Termsmidetinstignstand: S22. 051s 5 fe ene get bs 2 
Test Spilesess weots ea ere pal iaat = ont eee 470 

PAyinentiOn eee ee eeate cee ee ae ee ee 483 
Testing methods by Department of Highways....................... 57-58 
Test methods for: 

Aggregates for bituminous courses.....................22--------- 823-826 
Aggregates for Portland cement products...................... 827-833 
Base Agere ga tesenssst cess setetseeseweeeeseee ke Ue ON 819-822 
Bituminous#,materialsxeaemen tee Fe aon ee 803-818 
Compaction of rock embankment........0.0..02..22222202.00222--- 145-149 
JiSTAt OTe Rlal <..ocecoaaertetinle cout keteacewad a acer 835-843 
Lightweight aCOncrete soccecceccccee 421-422 
Load «testinga:cce. snc feeentietiotionedin 475-476 
Materialsat .teestres end cbstoections). no ce 53-58 
Paintsstes. (ene. Sinel ccncihemaAtine sattely gee). gels 861-863 
Permanéntisigns:1 sskextot renege: _tieezect. ed ferent) 758 
Portland icementiconcretestacle?. sez). 102 Insta bee 350-352 
Portland cement concrete pavement............2...222200-.------- 301-303 
Prestressing reinforcement and anchorages for 

CONCTELG 25) iE ee ees 333-336, 857-859 



Test methods for—continued PAGE 

Supply dines,-irrigation-systemS.nc..ccccenses nn SU a. 201 
SUUGS IVA: cher os secse cc ccatstecesets. tates ART OL. eh ae 448-449 
Water Ghee J hee Pe) SER Ao) oui eaae et” 903 

Thickness requirements, concrete pavements...................-..-- 325-329 
Timber: 

Certificates"oftinspection®...i20fi) Bas. secon h. ata. 891 
Giradesweais. i i. Shs BOA GR. A Daas 891-892 
Méastrement2] Gk... eA RO, RED 99 
ier anta Ole. Mea cernctrctont one OR ARIAL. 12% 
IPE GeO sree cerned eer poe ces sO TI 861-862 
Pati tiny GU Re icececsccthersexssertirnn IPL JONG. ROMO. 924 ad 557 
Preservative treatments for (see also Preservative 

dreatments:for timber) 22202. An. soe 539-561 
PF ESCEY ALIV CS: trreeneccecereenceaate sess ORR OD AD. OSE 893 
Quality. requirements.2.<2..<409.. BOW RISO, ot. oust: 891-892 
OCICS Breet ne he oye ie ke to 891 

Pam Debs Piles 2ccteectersstrececcreseneh BERD ws DY ROBB. 476-478 
GBS tote sac castesineteger te cnecosesteree ee. SB OBUII AG FTG . 477 
Heads Of 2-28 ecsnceetencstecccties ee. SEOUL, Rete aly AT 
Specifications of rounded. pilesiitie 222Giksseo. 2m. 889 
eS CACCG capone) sors t ete cveeeeessvenetecneee ee Le. Sa A Qa: 462 

‘Fimbereposts...n.22 820-9789 SiS 28 ANGETE) VARIO. OSL. 464 
Csuaedt all » POStS.seseraeeotescasesstecere tececstecesssco tt RE 575-578 
RESON A USCS 8 sana ee AM i ee Ec 559-561, 893 
Quality. requirements 2.21. .2s2. 020s sesnesensgesce ns OLA. ee 891-892 
RINE Of WA Veal Kel S pee sss seeder snceeesn AI 585-586 
SISTL DOSS . DAU LOM ihe acsegie cee co tseecste ean Aen. MORI 861-862 
META POLALY SIDS ase¥ pane Bids asst se Stecite seccinseazd Re 751-754 
NEMESIS Si an ee a Sk ic an ct 907-908 

Timber structures: 
SOUS ANG WAS NOLS Sra 2 setsees arse ctesendceusste- 463 
BREACH Rents aec ei Maven asen scien tesadeseazeun ssh. IRAs 464 
CAD eda re te BA Re PROS S. 464 
Cattle guards (see Cattle guards) 
RE ORSITUCHON GIN ECL O NS gy cee assis cadesccacal Ae. MOORE 461-467 
IDES CEIPTON sone ee scttcascss CAA. WER ROURLIA OGD SAN. 461 
FCAT OG xpessecrer ele cextrighet tise taxiiecacarsascssacccs tee.-e oe 463-464 
Guardrail (see Guardrails ) 
Holes for bolts, dowels, rods and lag screws...................... 463 
Inspection.of-timberAs# 20 io 7o0 232th Je 2en BRAUER. 561 
WSATVRATI ALC A OES Bi ec in sch Ad phcadae ns nscn~ 465-466 
PCat rick Se cers eth teres eres dccen ee ee 461 
IM CaSULOI C1 beseeenrerererete essen tess ciocnne BVM BR. ASG DON 467 
[EVES CDE SS 2a ee en | eee eaten een ee 467, 557 
ATA a wg ang tered fad se ecw a enced ee 861-862 
Pavmiente nee See Sol chsisse i SES NOR OE. 467 
Piles (see Timber piles) 
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Timber structures—continued PAGE 
Plank: floors..2..U 223. Beenie ve--noligaisti..apeil. eee 465 
Posts (see Timber posts ) 
Preservative treatments for........:...--......--------c----00-+- 559-561, 893 
Storage ofimaterialssmreusc--atarsnoo-.ninanavionse 2a 461-462 
Strimmers Riba oon rt 465, 466 
Structural timber and lumber, quality requirements....891—892 
‘DPreateditimber..and pilin g....<. ..0->-co--rsexseneceryece-snesnns- Be 462 
PSTUSSOS. SHEER... c.csastautsats panied a ee eee ee 466 
Untreated stimbers 2 St ee... s:--dss- Sete 462-463 
PACTS D5 ek ee 462 

Eimber.use. items, paint, LOU. .<cccc)scceeccecsecsaxevceyestsssesesc ees 861-862 
Time: 

Completion of contract...<-wtmit 26h -aleerntany}.--_.c1. 87-90 
Extension of contract..............22.....12..0. see 71, 87-89 
Failure to complete work oON................4......2./:eeceteeeeeeteees 89-90 

Tolerances: 
Aperegates,type.2,.Class Anoop cccc eee enencnn ora ee 222 
Plantmix. bituminous bas¢.....0.:.4.4-.42535. 7 ee 226 
Plantmixibituminous surface.....52c-.-..<.--2--:---0--- $6 Se 266 
Plantmix.open-graded surfaces. behces:-3n-sneitenhinnee: 270 
Roadmix bituminous. surface .........--.c:<----0---------7--- Stee 280 
Riding, Portland cement concrete pavements................ 322-323 

PUR Om PRC ANG OL ann ocean cnnee ens BI See 96 
Topsoil: 

Bfosionscontrol, 2/20. 10s. eae ee eee. 175,.177-178 
Bor ylandscapiih ee We. ” anne Re eee ews Aes Sele teee 186 
Materal i requirements: 2.25 5. Se es, 919-920 
PEACCMIGMEUO Eos. ecient nine nse eee lai 

Traffic control: 
Bars*(see* Raised traffic. bars )...............2.-......;.e3beseeeee- 589-590 
Constrictiony signsai.g0).01. 42 edasw-bea ott 745-749 
rene gddlined oe ee 10 
Maintenance (see Maintenance of traffic) 
Manual on Uniform Traffic Control Devices..................---- 2 
POrMANENUASIGNS. ... .cccccesenaxasecavexssesn SOME. eee 755-760 
Public:convenience and.safety.........................g:abteisseee! 63-64 
PSnIpotary. GSISHS Se MOBENI oa cas aise cee 751-754 

Transition slopes, rounded and........aliggiuagh).aas}-Jicahas: 155-156 
Transverse expansion joints: 

Portland cement concrete pavements.............................. 313-319 
SIMEWAIKS.22nc.-ccsassissddcecsesceacheesineneseie OR baterish 547 

Bavelediway deine cc.nsccsncccccsccectee posers --nige e e e Uns 
‘Breated timberstand: piling .......:.<<.....-22-2sp0s.5:-2:-:--- SRE 462 
Tree ties: 
Bandscapinewyl. <2ceeeh Daye on csceeaoan seeds 191 
Materialsirequirements 2). 2.0). ans oe 1Or._teseen 923 

Trees and shrubs: 
Excavation adjacent!to:5 2 ...s:2.ses. see eee 206 



Trees and shrubs—continued PAGE 

Protection toils. ac eee Lk LAVAL. AO 70, 119 
PRS EAE Vk Eiger rw erence tas en tice hcacns thc en cles wick I 120-123 

Tremie for concrete deposited under water..................20...... 389-390 

erenches,backfillitignat ac Sa?2i6 20.202 DORIS 3 ie 125 
Réstoratipmiw feared. Oh. SOURYROES al eugegOg yoke 31 
Miricerdeain SOU lets icc. ccewedncexiccivinensiv< IL LOR 519 

Tricalcium silicate used in Portland cement..............00.000000......... 795 
Truck mixers or agitators, Portland cement concrete.......... 362-365 
Trusses, timber structures............... eee er ie ae 466 
Tubing: 

TS LIND AYES) SERA RECT Fo lam Bane a a CP ae DS RE ee 853 
ha at MTSE CIESLTUCEUL Al Goo oe Rh ee 852 
Control tubing, irrigation systems......................-.........- 210-211 
SESS Wg VS CTT Ree a ar ae in eR Rr Oh Mie MO ott 852 

U 

Remraete ptaDle materials iiss occsecadammecscesmvteewxanewiaasse-tdh ROLE. 59 
Unacceptable and unauthorized work......................2....22eeeeeeceeeee 40 
ROCeL CAINS deeb apse, nd: 4 SR Dee 517-520 

Baek tillstOretese ot .ciee! le... Ae 171=172,,517-518 
[SELLY SC EN aap oa OP EN he het AN eNO Ven a al 846, 849 

RONICSEWEILeTS pL ADOTALOTICS | UI gene keene eee nce veep 2, 591 
United States of America Standards Institute.........2222. 2. 34 
Unsuitable material: 

Excavation, and Embankment cao svccsecevisecccsncceonreeo th 133 
We aSUTEMENE OTe DA VICI asset seers orstins os -~ 1 150-151 
Perishable, destruction’Ofmier2. Sones. 101 .Raneiealai. ‘25 
Removal ofZiMali AUQieY. SRISVO2 FoR Oe. 30-31, 66, 133 

Unsuitable weather, temporary suspension of work due to (see 
also sections covering various items of work)....85—86 

PME Sherk OLE ECE eed aids road tasdabesaecacscosecsan son tl, eee 462-463 
Utility property and services: 

COMMA OL oa LCSPONGITILY LOT ec.c. cucacccaacaveescous Blea ives. 76-78 
([OOPeraulOn, OF CONLLACLOL, WEE oo. ccccecet cccccerceeeneenn SOO 36-37 
Delays to contractor from removing and relocating of...... 37 

<2 OUI DCS Aun LO fie attend ats aa 37 
RISC CLINE CLE WEN CUNY ee cr ov St cece 39-40 
Restoration of surfaces opened by permit.................0.....-..-- 62 
OR PONE OL WAY CAV Ses te serass scselasece OU A SR. 37 
Underground facilities not known to State........................36—37 

Vv 

Wachiiin JOreakers-nil LI@atiOn SYStCINS...- oop o<s-secece-dunccen-*acaces 204—205 
oat VE MIORCS wll TIDALIOOESV SLOTS 5.200 cone oocse-tncn annette Bacau n-nscacgpaateee? 203 
ed AVC DEOLCCLIC NS ICCN CALS cig 2 coud v2i-Sace ned ahad hevnedaeies artes 201 
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PAGE 
Valves, quick coupler, irrigation systems.......................-.-...-..---- 203 
Wanaditum steel tres eee $e os, Soe accenpavespersecce-edicee te 851 
WVibrators.for: concrete, structiresau .beticonsh .sieeser se 386-387 
Vibrators for Portland cement concrete pavement...................... 306 
Vibratory compactors for excavation and embankment............ 149 
Volumetric.measurements. t:2-2 227.2472 y eee eee 100 

Ww 

Wages and conditions of employment. 117-118 
WWRIVER OT LC DAL VIO rte rece te eee 78, 90 
Walk cdtes, fence matetials. ee eee 912 
Warning signs (see also Signs, construction).................. 64, 745-749 
Wattatities, imanuractirer Sot eee ene 45-46 
Washers: 

CC ieee ein ec RORC EAMES TIRERB,  Saepe hee PME SD Mc sh cd no 905 
Flat malleablesr 4 ee 905 
Galvanizing Of cescnnee es ee 865, 905 
FOP SIDTIS neo oc es ecccceons sss ty Ty ery 884-885, 886, 887 
Forvsteeh siructures.. 437 
Hor timber structures... 463 

Water: 
Meters. 2-20... -ctcsspccteescke sooner ess ee Ge eee 96 
Pollution control sevtiien! shisbast? ever. Jo eater me 72 
Pumping, concrete structures... eae ie 384—385 
Quality-of = eis ban eee 903 
Retardants. eae ey Serer 797-801 
State-owned, for irrigation systems...............................- 192-193 

Watering (see also sections covering various items 
Of JWwork)y- Hhien Sees rear serigawy ale 173-174 

Waterproofing and dampproofing: 
sO alt Ot re eee 785, 803 
Construction methods—--...”.........; 2s: 226.. phy. yore 785-787 
BGSCIIDUO oe oe, cases ee ee GA SIS 785 
Materials i oe reer iiss’ Sry ee ee 785 
Meastrementia? fuze ailiiinist pee son res Se ea 787 
PAVNCR Ee ee ee ee eee eee 787 

Waterstops: 
Concrete *Siructtiresi sr 2c herens sancti Po eee 394-395 
Material requirements:..-2...........--.-.. sean eee Pee ae 835-836 

Weakened plane joints, Portland cement concrete 
DAVEIMEN(S ee eee ee ee ee 314-317 

Weather conditions, temporary suspension of work due to 
(see also sections covering various types 
OLe WOLK) eter ere oe ee tes rete nee eee 85-87 

WED" Dialese StCCIaStl UC UIL CS tite cone te ree ee 448 
Stiffeners, Weldin a OL ee ee eee 451 



Weighing of materials (see also sections covering various PAGE 
IEMIS7 OL“ WOLrk) 298). 2220 2/9 Saw Sora pesey 96-99 

Weights of: 
PNSPilase COMICN Cr o32- cose cceonecc aos cetacean ee ee 90 
Asphalticsemulsions:: ase ee, DON SUVERe eT) | 90 
Maced "as ph att psec serene oe eed SE ROS | 90 
Reinforcine sateen re ret nse soe ee eae al 435 
Siructtral Steg ler sere eee ee raat, SR ONT’ 457-458 

Weldability tests, stud *siicat CONNECtOLS. rn -eeeoe 448-449 
Welded and seamless carbon steel structural tubing.................. 852 

Rarcidecd seniimecs Steel’ PIDe sete: See caste ceacsrenee aes 852 
Byewded stech wire fauric Tein rOrcemments sas. eee 857 

DNS GRE SL OS TALC EVA Soo occ coh caput. ead san ince ere ees ae ee 855 
NcCamICMES LCC SLIUCtUILGS 5512 cee wae ee co ect cte es 449-451 
REmGeniNe PCULS PCXCAVAUOD.) 2.0.00 eee ha A ee 435 

ERS eh ai 2g (0 Sia ae oe ee REL Ae ieee cH) eee. 151 

Wingwalls, placing and compacting at............2.22222.12:--22--ese2een-- 165 

Wire: 
Ba AYCla BRE ERE ae ee Re Ue OREN RS 5 es Se nore le 566, 910 
BDC Ce a ee sede ne OS, Gorre eS 911 
High-tensile-strength seven-wire strand.......... 333-334, 857-858 
High-tensile-strength steel wire....................... 333-334, 857-858 
Pee rs eed. Se ee ee Se ACES 911 
VV eee se a ae ee a eee ee 566, 910 

Wathdrawal.or revision Of proposals... 4-.244: 2.2 ee 18-19 

On Cemulose Der sMNU ICU ue. see tcl ok tee ee eet 922 
DA ese TDS (AC UST VIS om UCL eee, o oe. won ce cocker eee see 922 

Wood posts (see also Timber posts )................----------- 895, 907-908 

Work: 
Character of workmen; methods and equipment.............. 84-85 
CHANG CMIN DCDATACLCLIOR WORK 8: fees 5 oo, Oe eet aroun tauaet 25-27 
Gompletion Of portions Of the: WOLK: 2.25... 22.-cscaceseonsvse on 74-75 
COniTaetOnGsresDOUSIDINILy CIOb et nee seo sis caaea seca 75-76 
(COO Te en og et can eRe 33-44 
jE oa Pes (Vo cye be Sed a i aa Nt le aap ay ee eae ea 11 
Defaulisand termination. Of contract: 2.2.0. 5..< ese coec es ne 90-91 
ELLE iAe ym ite tS ee wee a eee ee See wt 107 
Examination of plans, specifications, contract 

documents, and site of work....0.00...2.0.22....222222-2--+ 15-16 

Extra (see “Extra work”) 
eae OrCOMID eter OMe (16 saree coca. e cae oes cee cate dene 89-90 
Force account (see Force account work) 

increased, Or mecreased) GUAaNLILICS. -..2.......ccs-cccsgeceads snpetecueose 25-27 
TTISDECLIONRO [ere teste ee eet oe eee eee 39-40, 58 

SV RC OIC el mere eines oe ee ee ee ee 43-44, 58 
By edetaleacencys.c chee fate Cie oe 62-63 

PAM ationzo TO pebatiONnse een ek a ate Oe ee 83-84 
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Work—continued 
Measurement and payment (see also sections covering PAGE 

various items: Of WOrkK)....2... ee 95-115 
Notice: tO; PrOCOC Ors stent 5. 25.22. snc ness Be 7, 82-83 
Preconstructioné conference -72t2- aniston tte de 87 
Prosecutionvand *proeress. 41a |e: aceon le Se 81-93 

iol tere ELC ee SOY ES I Ne a 83 
Removal of unacceptable and unauthorized........................ 40 
Relief from maintenance and responsibility.................... 74-715 
Rights in and use of materials found on the work............ 30 
SOONG OL one ee ree ee ee ee 25-31 
Sublette OF CON Actes ee ere een ge eee ee 81-82 
SUPCHINCCNUSN CO Obes ietessysrssetse cers sae cece seemcas be aeaeeee ee eee 35-36 
TEmipOrary SUSPCTISsONl vO betrecsres scares eae aerate ate ene see eee 85-87 

Ee WoOr Kin piday er eee ek Bir - GUE. ethos Pr 1 oe eee 83, 86-87 
Define dete: Mors Si: Srocmee reese ee neon rrr SOO AT BARS. CANS - QE 11 

Working drawings: 
Defined :zzszesrzzcccerecccscceree 2 BS ROMO). BAR. Bait. eee 11 
Plans ann 2 00s coin tens cee escscecnnaso es saved baa ute st Pak Vs eg oa ee ame 33-34 

Workman, Character 0 fseressessveaiceses: vasssecas seksi ice che 84-85 
Workmen's “‘Gompensation-Act....o.. sass ee 70 
WOVER WEE Cis isco ase LAE. QIAO, Nat 2 i eee ee 566, 910 
Wrought nron® plates...) Ai... 8 Isole. inne alist gl: 855 
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