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ABSTRACT

One of the major responsibilities of state Departments of Transportation (DOTS) is to maintain
their road assets so that road users can travel cost effectively, safely, and in a timely manner.
Maintenance projects can be performed either by using the DOT’s own workforce or by
outsourcing to private contractors. Recently, some state DOTSs have started using performance-
based contracting for maintenance projects. In this study, benefits of these types of maintenance
contracts were collected by conducting a national survey. Moreover, this study compared the use
of the state force (SF) and private contractors in Nevada regarding the cost and quality of such
maintenance activities as chip seal, striping, culvert cleaning, and sweeping. Results showed that
state DOTs were highly satisfied with work performed by the state force, followed by private
contractors when using method-based contracting and performance-based contracting. The cost
comparison showed that chip seal, striping, culvert cleaning, and street sweeping performed by
SF was less expensive than when performed by private contractors. Similarly, the quality of chip
seal, culvert cleaning, and street sweeping was better when performed by SF versus contractors.
However, the quality of striping work performed by contractors using the performance-based
contracting (PBC) method was better than when performed by the SF. Recommendations for
future study include collecting comprehensive cost and quality data for stretches of roads that are
similar.
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EXECUTIVE SUMMARY

State Departments of Transportation (DOTSs) use either their own workforce or hire private
contractors to perform the road maintenance in their jurisdictions. They use their own equipment,
manpower, and materials to perform road-maintenance projects. In order to outsource these
projects, they either can hire private contractors based on method-based contracting (MBC) or
performance-based contracting (PBC). With MBC, the contractors are given specifications to
perform the maintenance. In PBC, the specifications are performance-based, and the private
contractor is allowed to use innovative ideas to perform their maintenance work.

Recently, PBC has been used by several state DOTSs to maintain their road assets. When
setting up a performance-based contract, the state DOT specifies the performance criteria of the
work during the contract-procurement phase, and the contractor must fulfill that performance
benchmark. This contracting method ties the payment of the contractor to their work
performance. If the contractor does not meet the performance standard set by the state DOT,
either the contractor has to redo the work or their payment is reduced based on the payment
reduction criteria set by the owner.

The literature review and the national survey conducted during this study with state DOTs
revealed that all the states who responded used their state force (SF) and MBC private
contractors to maintain their road assets. However, the survey results also showed that there were
14 states, including Nevada that used some form of PBC while performing road maintenance.
Other states are California, Florida, Georgia, Kentucky, Maine, North Carolina, North Dakota,
New Hampshire, Pennsylvania, South Dakota, Tennessee, and Virginia. District of Columbia has
also performed maintenance work using PBC. In addition, the survey found that state DOTSs used
PBC for maintaining the following road activities:

1. Resurfacing, chip seal, and striping.

2. Activities related to traffic safety, e.g., road signs and marking, traffic attenuators, guard
rails, barriers, and street lights.

3. Shoulder maintenance.

4. Side slope and median maintenance.

5. Right-of-way maintenance and fencing.
6. Sidewalk and curb maintenance.

When the state DOTs were asked about the main reasons for using their state force to
maintain the road, they gave the following as the top three reasons:

1. Auvailability of DOT staff to accomplish additional projects,
2. DOT personnel have specific knowledge/skills for the job, and

3. Budget constraints.



The Performance-Based Maintenance Contract Phase | — Concept Stage Xiv

State DOTs identified three primary reasons to use private contractors for their maintenance
projects as:

1. Lack of DOT staff to accomplish additional projects,
2. DOT personnel have no specific knowledge/skills for the job, and
3. To complete the task on schedule.

When state DOTs were asked about their satisfaction with overall performance, cost
effectiveness, schedule advantage, and quality of work performed by state force or contractors
under the MBC and PBC methods, they were more satisfied with SF, followed by MBC and PBC.

The major lessons learned from using SF to perform maintenance work were that:

1. The work should be clearly understood by the staff;
2. The department should hire qualified personnel; and

3. SF can easily respond to unanticipated maintenance projects as well as monitor and track
cost.

Similarly, the lessons learned from contracting out maintenance projects to private contractors
were:

1. Specifications and contract documents should be clearly written;
2. The inspectors and the administration should clearly understand and embrace PBC; and
3. The PBC contract should be a long-term contract.

In addition, the study compared the unit maintenance cost spent on chip seal, striping, culvert
cleaning, and sweeping performed by SF and private contractors. Results showed that the average
cost of chip seal performed by SF ($1.67/SY) was about one half less than that performed by
private contractors ($3.14/SY). Similarly, for striping, the unit cost per year of SF performed work
($457.60/LM/yr) was about one half less than that performed by private contractors ($945.14/
LM/yr). When the cost of striping performed by SF was compared with that performed by PBC
contractors, the cost was about 3.8 times higher for work performed using PBC. The cost of culvert
cleaning performed by SF ($4,482.72/mil/yr) was found to be 30% less than that performed by
private contractors ($6,593.00/mi/yr). The cost of sweeping performed by contractors was also
found to be significantly higher than that performed by SF ($64.13/ C-mile/yr vs. $43.78/ C-
mile/yr). Based on available data and on the assumptions made during the cost calculations, the
state force performed maintenance activities more inexpensively than did private contractors.

Assessments by the research team and road users on quality of work indicated that the quality
of selected road sections regarding chip seal and street sweeping performed by SF was better than
that performed by private contractors. However, the quality of striping was found to be better when
done by private contractors compared to SF. The quality of striping done by a PBC contractor was
found to be best in compared to SF and MBC private contractors. The evaluation of culvert
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cleaning by researchers on selected road sections showed that SF performed the job better than the
contractors.

In conclusion, some road maintenance activities can be performed using PBC contracts.
However, the quality of the maintenance work and the cost effectiveness seemed to be better when
performed by state force rather than MBC private contractors. Keep in mind that only four
activities were evaluated — chip seal, striping, culvert cleaning, and street sweeping. When
compared with the quality and cost effectiveness of striping performed by PBC contractor, the cost
effectiveness is better for state force and vice versa for quality. According to results from the
national survey, the state force should perform maintenance work of those activities in which they
have expertise, for example, chip seal and street sweeping. However, some maintenance activities
in which private contractors have developed expertise — e.g. striping or maintenance of traffic posts
— should be outsourced to private contractors to get better results.

For future study, it is recommended that cost data be collected for similar stretches of road on
which SF and private contractors had performed maintenance in order to conduct a reasonable cost
comparison. Similarly, during the quality assessment, the quantitative measured data should be
used rather than qualitative in order to make more accurate comparisons.
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CHAPTER 1: INTRODUCTION

1.1 Background

The United States Interstate System has 46,726 miles of road, and more than four million miles
of non-highway public roads (FHWA 2014, USDOT 2012), as shown in Figure 1-1. However,
most of the U.S. highways were constructed prior to 1990. Therefore, every year, the U.S.
Department of Transportation (USDOT) allocates a significant amount of their budget in order to
maintain the national highway system.

vvvvvvvvvv

——— Other NHS Routes
— Non-Interstate STRAHNET Route
STRAHNET Connector

Intermodal Connector

= Intermodal/STRAHNET Connector

==+=== Unbuilt NHS Routes

—— MAP-21 NHS Principal Arterials
Census Urbanized Areas

Department of Defense

Water

FIGURE 1-1. National Highway System in the United States (USDOT, Federal Highway
Administration 2014).

For maintenance projects, state DOTSs use either state forces (SF) or outsource by hiring
private contractors. The selection of the method used depends on site conditions, availability of a
skilled workforce, the scope of work, budget constraints, time constraints, time and schedule
complexity, cost effectiveness, availability of long-term funding, risk transfer, increased level of
service (LOS), and bundling of maintenance activities (Anastasopoulos et al. 2010, NCHRP
2003, NCHRP 2009, Ribreau 2003, Zietlow 2004, and Zietsman 2004).

Under the SF method, state DOTSs use in-state resources to maintain the roads, which allows
them to plan and execute maintenance projects based on their requirements. For example, the SF
is more suitable for activities requiring an immediate response (Anastasopoulos et al. 2010) as
well as for bridge and tunnel maintenance, shoulder maintenance, landscape works, and litter and
debris pick-up works (Anastasopoulos et al. 2010, NCHRP 2009, and Ribreau 2003).
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Two types of outsourcing are used: 1) method-based contracting (MBC), also known as
prescriptive-based contracting; and 2) performance-based contracting (PBC), also known as
warranty-based contracting or outcome-based contracting. The MBC method specifies to the
contractor “what to do, when to do it, how to do it” and it specifies the quality of materials to be
used (Stankevich et al. 2009, p. 3). In the MBC, the contractor submitting the lowest bid is
chosen to complete the given task. Most state DOTSs prefer this method when the scope of work
is beyond the capacity of their in-state force, if the DOT does not have the skilled workforce for
the project, or when there are time constraints (NCHRP 2003). The state DOTs pay the MBC
contractor based on the amount of work completed.

The PBC method offers incentives and disincentives to ensure that the contractor achieves
specified results. Unlike the MBC, a PBC contractor is free to execute “what to do,” “when to do
it,” and “how to do it”. The PBC first was used in 1988 for maintenance of road systems and
bridges in British Columbia, Canada (Zietlow 2004). This method selects a contractor based on
qualifications. Specifications used in the PBC are based on the performance of the contractor’s
work, and focus on the outcomes of the contractor rather than the method of execution
(Stankevich et al. 2009). Benefits in using the PBC are that the risk is transferred to the
contractor, availability of a maintenance fund for a longer duration (more than three years), an
improved level of service (LOS), flexibility in bundling the maintenance activities, and cost-
effectiveness (NCHRP 2003, NCHRP 2009, Ribreau 2003, Zietlow 2004, Zietsman 2004).
Payment to the contractor is based on the quality of the work performed, and is made on a
monthly basis.

The Nevada Department of Transportation (NDOT) performs their road maintenance
activities using both state force as well as private contractors. Recently, NDOT used the PBC for
a striping project.

1.2 Study Objectives

The main objective of this research was to evaluate road maintenance activities performed by
NDOT’s SF and private contractors. The following tasks were performed to achieve the
objective:

1. Determine the satisfaction ratings of benefits of SF and outsourcing methods using the
national survey.

2. Collect information on lessons learned by state DOTS that have used SF, MBC, and PBC.

3. Identify factors that affect the selection of SF and private contractors to perform road
maintenance using the national survey.

4. Compare the cost and quality of chip seal, striping, culvert cleaning, and sweeping
performed by SF and private contractors in Nevada.

5. Provide recommendations of road activities that should be maintained by using PBC
contracting method.
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1.3 Literature Review

Various studies were reviewed that were pertinent to this research. The literature review
mainly focused on:

1. Outsourcing road maintenance activities to private contractors,
2. Cost analysis comparing the use of SF versus outsourcing, and
3. Performance-Based contracts for road maintenance.

1.3.1 Outsourcing Road Maintenance Activities to Private Contractors

The National Cooperative Highway Research Program (NCHRP 2003) identified a trend of state
DOTs outsourcing work to private contractors, and identified the reasons. The study, which
surveyed state DOTs on specific engineering and design elements that were outsourced,
indicated that the outsourcing of road design, right-of-way maintenance, operations, and
planning of road networks had increased. The three main reasons of outsourcing were lack of in-
house staff, lack of skilled workers, and cost effectiveness.

Ribreau (2004) identified advantages and disadvantages of outsourcing highway
maintenance by conducting case studies of five states — Massachusetts, Virginia, Oklahoma,
Texas, Florida — as well as British Columbia, Canada. In Florida, it was reported that cost
savings resulted from by outsourcing the maintenance projects to private contractors. Florida
DOT (FDOT) gave a contractor a routine maintenance contract for 15 years in order to save
costs; by doing this, they reduced the number of in-house employees and transferred the risks to
the private contractor. FDOT claimed that outsourcing saved $5.9 million in maintenance
project.

In contrast, Ribreau (2004) stated that the major disadvantages of outsourcing were
increased costs, deterioration of service, and inefficient administration and supervision (Ribreau
2004). For example, in 1992, Massachusetts DOT (MDOT) started a pilot project to outsource a
highway maintenance project; however, the contractor’s performance was poor. Due to an
inadequate cost analysis, the State of Massachusetts lost over $1 million in this contract.
Similarly, in 1996, Virginia DOT (VDOT) outsourced a 246-mile maintenance project to a
private contractor by using the PBC, and estimated a cost savings of $23 million. However, this
estimate was not supported by the proper documentation, and the cost saving was calculated as
the difference between the engineer’s estimate and the contract cost. VDOT did not mentioned
how much it would have cost if the work had been completed by private contractor using MBC.
In 2001, Oklahoma DOT (ODOT) outsourced road maintenance for a project involving 2,576
lane-miles of highway for snow removal. Due to payment issues, the contractor did not clear the
roads after a storm left seven inches of snow on the roads; as a result, this state faced negative
public criticism. In Texas, the contractor did not remove the snow and ice for three years due to a
payment issue. In addition, the contractor had poor knowledge of the materials needed for snow
and ice removal; as a result, the state terminated the contract. In the late 1980s, British Columbia
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contracted a highway maintenance project to a private contractor; however, over time, the cost
increased from $15 million to $29 million per year.

1.3.2 Cost Analyses Comparing the Use of State Force versus Outsourcing

1.3.2.1 Outsourced Road Maintenance Activities.

Halcrow (2011) conducted a unit cost analysis of outsourcing road maintenance activities in
Nevada. This researcher collected data on road maintenance costs from NDOT, Texas DOT
(TxDOT), and FDOT as well as from several private contractors. In order to compare costs
among agencies and contractors, the direct and indirect cost of each activity was calculated. The
direct cost was defined as the expenditure of materials, labor, and equipment directly associated
with an activity. The indirect costs included the overhead charges by the DOT, the division, the
district as well as the cost for maintenance station management. The actual cost of the DOT staff
was calculated as the percentage of time allocated to a specific maintenance project. Other
indirect costs inclu