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. ABSTRACT

The objective of this project is to investigate the potential benefits of using in-service
warranties on roadway construction projects in Montana. Following this approach to highway
contracting, the contract specifications are expressed in terms of the performance of the roadway
after it is placed into service, rather than in terms of the construction methods to be used or the final
properties to be achieved in building the facility. Perceived benefits of the in-service warranty
approach include that a) the contractor is directly motivated to provide a facility that meets the needs
of the motoring public (i.e., a smooth, safe roadway) rather than simply to meet prescribed
construction standards, and b) competitive market forces will result in the desi gn and construction
of innovative and efficient roadway projects. This approach to highway construction contracting
differs significantly from the approach currently used in Montana, and thus the results of using this
approach are uncertain.

This study has been divided into two phases. Phase I consists of a) identifying the critical
issues that must be addressed if in-service warranties are to be used on roadway construction
projects, b) reviewing the manner in which these contracts have been implemented in Europe and
across the United States, ¢) determining current perceptions in Montana regarding these contracts,
and d) formulating recommendations for demonstration in-service warranty projects to be awarded
in Montana. Phase II of the project involves a) developing a formal in-service warranty contract
instrument based on the recommendations from Phase I, b) selecting demonstration projects to be
constructed using these contracts, c) monitoring their construction and in-service performance, and
d) doing a cost-to-benefit analysis of the projects.

Phase I of this study has been completed and the results are presented in this report. Issues
that need to be addressed in developing warranty contracts on in-service roadway performance
include the aspects of the roadway behavior to be warranted, the duration of the warranty, the
payment terms, the bid procedure, etc. Examples on how these issues can be addressed are available
from Europe, where the use of in-service warranties appears to be commonplace, and from the
United States, where several state departments of transportation have recently researched and
awarded demonstration warranty projects. The Montana Department of Transportation, and the
Montana construction community and bonding agents have a variety of concerns regarding the use
of in-service warranties on roadway construction projects. Many of these concerns can only be
definitively answered by awarding and studying demonstration warranty projects. The first
conclusion of Phase I is that the demonstration projects should be reconstruction jobs, on moderately
traveled highways. Second, the projects should be warranted with respect to ride, rutting, cracking,
and skid resistance for a period of 5 to 10 years. Contract awards should be based on securing the
best technical quality for the lowest price. Finally, a maintenance bond should be required during
the warranty periods.
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1. INTRODUCTION

1.1 BACKGROUND

As the world and our nation rapidly change, the future of highway construction may
evolve in entirely new and hopefully improved directions. Dynamic changes in highway
construction contracting are already underway in some states and in other nations. One such
change is a move toward the use of contracts that include warranties on the in-service
performance of the roadway. Under this approach, the contract specifications are related to the
expectations that the motoring public has for the performance of the roadway once it is in use.

At the very least, these expectations include that the roadway provide a safe and comfortable ride
over its design life at a reasonable cost. Following the warranty approach, the contractor is given
the responsibility of designing, constructing, and maintaining the roadway so that it meets these
expectations.

The warranty approach to highway construction contrasts sharply with standard highway
contracting practice in Montana and across the country. Roadway construction contracts
typically specify construction processes and/or target material properties that the constructed
facility must meet rather than specifying long term user related performance criteria. While the
majority of these specifications target processes and properties of the materials that are known to
be related to long term roadway performance, the actual performance of the roadway over its
design life is not considered in the contracting process. Following the in-service warranty
approach, these types of contract requirements are eliminated. The contractor is simply expected
to provide a useable facility over a pre-determined warranty period using the design and
construction approach of his choice. The contractor is expected to step in and repair the roadway
if performance falls below some mutually agreed upon level of service during the warranty
period.

The warranty approach to contracting highway construction services may result in equal
or better quality roadways than are presently being constructed, at lower costs than are presently
being incurred. With regard to benefits to the motorist, the contractor is provided with direct

incentives to produce a good and useable roadway, rather than being tasked to simply meet



prescriptive standards on construction materials and methods. These incentives and the absence
of prescriptive standards should stimulate innovation in the design and construction process, as
contractors seek out efficient designs in an effort to maximize their profits. Any cost savings that
result from such innovations will eventually be passed on to the motoring public.

Whether or not the above benefits will be realized by using warranty contracts (and the
specific level of any benefit to be realized) is uncertain, due to the limited experience in this
country with this type of contract for highway construction projects. Much of the risk associated
with providing long term serviceability in highways has historically been assumed by the public.
This approach has been justified due to the number of variables beyond the control of the
contractor on typical highway projects. Uncertainties are often associated with the pre-existing
roadway conditions the contractor may be forced to accept and build upon, the conditions of
future use the highway will experience (with regard to volume of traffic and environmental
conditions), and the level of maintenance the completed roadway will receive. In response to
shifting consideration of these risks to the contractor, the initial costs of facilities built under
warranty contracts with in-service performance specifications may exceed the cost of building
the same facility using traditional contracting procedures. The savings to be realized by using
in-service warranties may be over the life of a project or in the form of long term savings
associated with the development of improved construction methods and materials.

In using an in-service warranty process, even on a trail basis, a myriad of technical and
administrative issues must be addressed. The manner in which these issues are addressed may be
critical to accurately assess the feasibility of an in-service warranty contracting approach for
roadway construction projects. Issues of concern include: the type of roadway projects
appropriate for in-service warranty contracts, the in-service performance parameters to be used in
measuring contract compliance, the specific fiscal provisions of the contract agreement, the

bonding requirements of such contracts, etc.

1.2 OBJECTIVES AND SCOPE
The objective of this study is to investigate the cost effectiveness of using warranty

contracts based on in-service performance on roadway construction projects in Montana. The



study is focusing on the use of such contracts on pavement (roadway) related activities (chip seal,
overlay, reconstruction, etc.), in that such work accounts for the majority of the expenditures by
the Montana Department of Transportation (MDT) on the highway system. The study has been
divided into two phases. Phase I includes 4 tasks that are preparatory to conducting
demonstration projects with in-service warranty provisions. These tasks consist of:

1) identifying the manner which in-service warranty contracts differ from
current contracts and determining the issues that need to be addressed in
implementing such contracts,

2) reviewing current practice with in-service warranty roadway contracts in
Europe, the United States, and Canada,

3) soliciting ideas and comments on in-service warranty contracts from those
parties in Montana that will be most impacted if these contracts are
implemented (MDT, construction companies, bond companies), and

4) formulating specific recommendations on the manner in which Montana
might implement in-service warranties on some demonstration roadway
construction projects, based on the information collected in tasks 1
through 3.

Phase II of this investigation involves monitoring and analyzing the cost effectiveness of
any demonstration in-service warranty roadway projects awarded by MDT as a result of the
recommendations issued at the end of Phase I. Specific tasks to be performed in this phase of the
investigation (presuming the decision is made to move forward with the project at the end of
Phase I) consist of:

1) developing a formal contract instrument to be used on a demonstration
project based on the recommendations from Phase I,

2) selecting specific demonstration projects on which to try this contract
instrument,
3) collecting cost, in-service performance, and other information from the

start of construction through the warranty period for the demonstration
projects and attendant control projects constructed with conventional
contracts, and



4) performing cost-to-benefit analyses for the demonstration projects and
formulating recommendations on the future use of in-service warranties
for roadway construction projects in Montana.

This report documents the work completed during Phase I. The intent is to provide the

reader with adequate information to determine the direction for Phase II of this project.



. 2. HIGHWAY CONSTRUCTION PROCESS

2.1 GENERAL REMARKS

The potential benefits and problems associated with using warranties on in-service
performance for roadway construction projects can be better understood when discussed in the
context of the current roadway construction process employed by MDT. Presented below is an
overview of this process, followed by discussions on how each aspect will be affected if in-
service warranties are used. Note that the current process MDT uses for roadway construction is

similar to that used by many states and municipalities.

2.2 OVERVIEW OF THE CONSTRUCTION PROCESS
2.2.1 Current System - The primary participants in a typical state highway construction project
are the contracting agency (MDT), the contractor, and a surety/bond company. A project
typically is initiated by MDT when a problem is identified that requires some type of
construction activity to resolve. MDT reviews the problem and develops a design solution in-
house. A bid package is then assembled that describes: a) the facilities to be constructed, b) any
special requirements associated with the project, and c) the specifications upon which judgement
of satisfactory performance of work will be made. Public notice is then made of the intention to
build the project, and the bid package is made available to any interested party. Contractors
interested in working on the project prepare a proposal (bid) that details their prices for all work
to be performed. MDT reviews these bids and awards the project to "the lowest...bidder whose
bid proposal complies with all of the requirements" prescribed (MDT, 1995a). These
requirements typically include that the contractor secure bonding for the project in an amount
equal to 100 percent of the construction costs. In the event that the contractor is unable to
complete the project, the bond is forfeited to the state, and the proceeds are used to finish the
project.

Once the project is awarded and the work begins, payment is made to the contractor on
some schedule related to the percent of the project completed at any given time. Full payment is

typically made shortly after the project is completed and after MDT agrees that it was completed



in conformance with the plans and specifications. In Montana (as in several states), the
contractor is subsequently liable for any defects discovered in the finished product related to
materials and workmanship for a period of one year after the project is completed. MDT
assumes full responsibility for any subsequent maintenance required during the life of the

roadway.

2.2.2 Considerations for In-Service Warranty Specifications - Almost every step followed in

the current approach to highway construction projects will be altered to some extent if existing
construction contracts are replaced with contracts whose specifications are tied to in-service
performance of the roadway. These changes will not only be confined to the obvious areas of
contract specifications and warranty period, but they may also be made in the manner in which
the projects are bid, reviewed, and awarded. Further, changes may also be required in the
manner in which these projects are bonded. Therefore, a review in more detail of how these
activities are currently performed is an important consideration when evaluating how they may
be changed. Such a review is presented below, followed by a discussion of how these activities

will be affected by using an in-service warranty approach.

2.3 TECHNICAL SPECIFICATIONS

2.3.1 General Remarks - Several types of technical specifications are used on highway

construction projects, and various aspects of a single project may be covered by different types of
specifications. On state projects in Montana, independent of the type of specifications used, the
contractor is typically hired to execute a design prepared by others (usually MDT engineers).

The contract specifications are directly related to the execution of the design, rather than to the
use of the constructed facility. Naturally, the features of the project covered by the specifications
are those that have been identified from engineering principles and/or experience to correlate
with a finished roadway that will serve its intended purpose over its design life. These
specifications range in underlying philosophy from dictating the specific manner in which work
is to be performed, to stating only the physical characteristics that the final product must possess.

The form and content of these specifications has developed over several decades of use and



continues to evolve in response to advances in technology and the accumulation of further
experience. The various parties involved in the highway construction process (the contracting
agencies, contractors, and the bonding companies) are understandably comfortable with these
types of specifications and contracts, as the technical and administrative requirements are known

to deliver adequate highways.

2.3.2 Current Contract Specifications - The specifications currently used in highway
construction projects can be grouped into three broad categories:

1) Methods based - The contract specifies the exact construction procedure
to be used in building the roadway. Contract compliance is judged based
on properly following those procedures.

2) Material Properties based - The contract specifies various properties that
the finished product (and/or interim products) must possess. Contract
compliance is judged based upon achieving these properties, independent
of the construction approach used.

3) Methods and Material Properties based - The contract specifies the
methods to be used and/or the material properties to be achieved, as
appropriate, to practically produce the best possible final product.

Methods based specifications are appropriate in situations where the scientific reason that
a particular product performs better than others is uncertain, but it is known from experience that
if a specific procedure is followed or that if a specific ingredient is used, the finished product will
probably perform as desired. An example of a methods based specification is the specification
used by MDT for overlaying bridge decks using silica fume concrete (MDT, 1995b). The
fundamental intention of the specification is to provide an overlay that will safely carry traffic
over a long service life. The specification, however, never mentions the requirement that the
overlay needs to provide a long and useful service life. The specification states, among many
other things, the specific procedure to be used by the contractor in curing such overlays
(impervious curing membrane). Based on experience, this curing procedure is known to be

correlated with good overlay performance over the service life of the deck.



Methods based specifications have both advantages and disadvantages relative to other
types of specifications. Methods based specifications are attractive from an administrative
perspective, in that contract compliance is easily determined and the contract term, limited to the
time of construction (with a one year warranty), is relatively short in duration compared to the
expected service life of the finished product, which is generally 20 years. These specifications
do require that the contracting agency observe construction operations to insure that specified
procedures are being followed. The primary disadvantage of methods based specifications is that
the contractor has no opportunity or motivation to improve the construction process or the final
constructed product. Contractually, the successful completion of a project by a contractor is
independent of the subsequent performance of the roadway.

Material property based specifications are appropriate in situations in which the in-
service performance of the roadway is known to be correlated with some property of the roadway
as measured at the time that it was constructed. Such correlations are generally established based
on engineering principles and/or experience. For the running surface on an overlay project, for
example, MDT may specify the required density of the completed overlay, without specifying
the particular compaction procedure to be used to achieve this density. Once again, the
underlying objective of this specification is to obtain an overlay that will satisfactorily carry
traffic over its service life. The contract specifications, however, are presented in terms of
pavement density (and other parameters of this type) which are known to be related to the
subsequent in-service performance of the roadway.

Material property based specifications offer many of the same advantages as methods
based specifications. Contract compliance is easily determined, and the duration of the contract
is limited to the time of construction (plus a one year warranty). Material property based
specifications also offer some opportunities for contractor innovation with respect to the
construction processes used to meet the required material specifications. Note, however, that
while encouraging innovation with respect to construction practices, these specifications still
provide no opportunity or motivation for contractor innovation regarding the nature of the final

product, itself.



The effectiveness of material property based specifications can be compromised by
practical considerations regarding which properties of the finished product are most indicative of
long term, in-service performance compared to which properties can reasonably be measured
during and at the completion of construction. As the understanding of pavement behavior
advances, and as instrumentation and other technologies expand, the parameters measured, the
manner in which they are measured, and the significance of the measurements continues to
change (Chamberlin, 1995). These changes, however, tend to be gradual, and the fundamental
basis for these types of specifications remains the same. Thus, the historical justification and the
level of risk associated with these specifications are recognized by the various parties involved in
the construction process.

Some construction activities are specified in terms of both methods and material property
based specifications. This approach is used when certain aspects of the behavior are known to be
correlated with measurable properties of the material, while other aspects of the behavior are
only known to be produced when specific construction procedures are followed. At the current
state-of-the-art for several materials, using combined methods and material property based
specifications may yield the best end results. Returning to the MDT specification for overlaying
bridge decks with silica fume concrete, for example, the specifications describe the procedure to
be followed in curing the overlay and also a minimum compressive strength of 7,500 psi at 28

days that the overlay material must achieve.

2.3.3 Considerations for In-Service Warranty Specifications - Under an ideal in-service

warranty contract, the contract specifications are expressed directly in terms of the performance
the roadway is expected to provide once it is in-service; production methods and intermediate
performance requirements are not specified as part of the contract. The specific design,
construction procedures, and material properties of the completed roadway are of nominal
interest to the contracting agency. Basic expectations of adequate service are that the roadway
will provide a smooth, safe ride for an agreed upon period of time for a certain volume of traffic
(historically, a 20 year life has been targeted in the design process). It is generally accepted that

the level of service provided by a roadway will decline with use, until a condition is reached at



which major rehabilitation is necessary. Based on this consideration, warranty specifications
need to define satisfactory in-service performance with respect to ride quality and safety at
various times throughout the expected life of the roadway. Issues to be addressed in developing
such specifications include:

1) what performance parameters will be used to quantify and measure ride

quality and safety for determining warranty compliance, and

2) how will the acceptable values for these parameters at various ages of the
roadway be determined?

Ride quality, itself, is difficult to directly and quantitatively assess. Every driver has, to
some extent, a different definition of a smooth versus a rough ride, and the specific ride
experienced by drivers will be significantly influenced by the characteristics of the vehicle they
are traveling in (such as the stiffness of the suspension, the level of road noise that penetrates the
passenger compartment, etc.). One commonly used measure of ride quality is the AASHTO
Present Serviceability Index (PSI) (Huang, 1993). Values of the PSI range from 5.0 for a
roadway that provides an excellent ride (e.g, a newly completed roadway), to 2.5 for a roadway
that provides a marginally acceptable ride (e.g., a roadway in need of rehabilitation). The
traditional PSI value for a particular roadway is established by aride test, in which a group of
trained observers traverse the road and make a judgement of its PSI.

Due to the subjective nature of the PSI, efforts have been made to indirectly measure ride
quality using measurements of physical attributes of the roadway that have historically been
shown to be correlated with the smoothness of the ride provided and the general condition of the
roadway. Parameters considered include the longitudinal profile of the road surface, extent and
severity of cracking, and rut depth. These various physical attributes of the roadway can be
considered independently or collectively in assessing the serviceability of a roadway.
Considerable work has been done on developing the International Roughness Index (IRI) as a
measure of pavement condition (Gillespie, 1992). This index is calculated by analytically
running a standard "vehicle" over the measured longitudinal profile of a roadway and assigning a
numerical value to the calculated "ride." IRI values range from 0 to 400 for perfectly smooth to

rough surfaces, where rough is referenced to a rough gravel road.
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One measure of the safety of roadways from a pavement perspective is the skid resistance
(friction) offered by the running surface. Standard tests have been developed to quantify skid
resistance (AASHTO, 1995), and guidelines are available regarding acceptable skid resistance
values for various conditions of vehicle operation (Kummer and Meyer, 1967).

Independent of the specific indicators selected for evaluating warranty compliance,
acceptable (and achievable) levels for these indicators as a function of pavement age and volume
of traffic carried need to be determined. These levels can be determined by reviewing the
historical performance of existing pavements. The state of the art in transportation engineering,
however, is such that designing a pavement that will meet these specific levels of performance
through time is an uncertain task. The relationship between the target design and actual
performance of typical pavements is generically illustrated in Figure 1a. Referring to Figure 1a,
it is evident that there is some risk that a pavement designed using currently accepted
engineering procedures still will not meet the level of performance through time. This risk may
be too high for a contractor to accept. The level of risk can be controlled in two ways:

1) the regulatory agency can set the required level of performance
sufficiently low that a reasonably designed pavement has a acceptable
probability of meeting or exceeding this level (see Figure 1b), or

2) the contractor can set his/her target level of design performance
sufficiently high that the risk of not meeting the regulatory agency’s
required level of performance is acceptable (see Figure 1c)

Both of the above strategies have drawbacks. Under the first strategy, little incentive
exists to develop new and innovative design solutions for roadway projects, as significantly less
than optimum performance is sufficient to meet the performance requirements. At the extreme,
efforts might be made to improve the reliability of the design process, so that the lower
performance level could be consistently obtained with a less expensive facility. Use of the
second strategy will insure that an excellent roadway is constructed. Initial costs, however, may

be unacceptably high, as the roadway would be over conservative in its construction.
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a) Historical performance of 5 year-old paving projects.
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b) Possible performance thresholds for warranted paving projects at 5 years.

Number of Projects

Contractor’s Target Mean to Insure
/ Acceptable probability of Meeting

Minimum Allowable Performance to Meet .
Warranty Requirements

‘Warranty Requirements, set at mean of

historical performance

Historical Performance of

Actual Projects Performance

05 1 15 2 25 3 35 4 45 5

.Present Serviceability Index (PSI)

c) Possible contractor response to using mean historical performance as threshold for
warranty project.

Figure 1: Target levels of pavement performance for warranty purposes
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Despite the above concerns, in-service performance specifications potentially offer
several advantages over other types of roadway construction specifications. Perhaps the greatest
potential benefit is qualitative in nature and consists of a possible change in the manner in which
contractors approach project tasks. Under an in-service warranty system, construction tasks will
be accomplished with a view toward providing a good and durable roadway, rather than to
simply meet prescriptive standards on construction methods and materials as given in the
contract. On a warranty overlay project, for example, the contractor should inherently realize
and support at least achieving the target compaction level of the running surface, so that the
finished facility will perform adequately during the warranty period. This target compaction
level will have been set by the contractor, as part of their design of the overlay project.

Following an in-service warranty approach, contractors will have the opportunity and
some motivation to employ efficient and innovative design solutions and construction practices
in addressing project requirements. Design procedures, construction methodologies, and quality
control activities that do not directly contribute to creating quality roadways will, under market
forces, be eliminated and/or replaced by more efficient processes.

Under an in-service warranty system, the state will not have to engage in extensive
oversight/quality control activities during roadway construction. Density requirements on the
running surface of an overlay, for example, will no longer be part of the contract specifications.
If the contractor believes as-built density is important to meeting warranty performance
requirements, it will be incumbent upon him/her to perform density tests during construction.
The state will have to monitor the performance of the roadway during the warranty period to
determine contract compliance. Such monitoring may consist of annual inspections during
which quantitative data on longitudinal profile, rut depth, extent of cracking, etc. is taken. MDT
already performs these types of tasks on at least an annual basis as part of their pavement
management program. The intensity of these inspections would need to be increased for
warrantied pavements compared to current practice.

The intention of the in-service warranty approach is to only hold the contractor
responsible for the occurrence of unacceptable conditions over which he/she has had some

control. If, for example, the volume of traffic or composition of the traffic stream changes
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significantly over the warranty period with respect to the design requirements originally provided
to the contractor, the contractor will not be held responsible for repairing subsequent pavement
damage. Thus, the state will have to monitor traffic on warranty projects so that necessary
information on volume and type of use is available to determine if, and/or when, the warranty
might expire. Once again, MDT already collects this type of information on major state
highways (through vehicle classification, static scale, and weigh-in-motion facilities). Once
again, the frequency and intensity of the data collection effort may have to be increased on in-
service warranty roadways compared to standard practice on conventional roadways.

In situations other than the type described above, definitely establishing the degree to
which the contractor’s performance is responsible for observed pavement damage may be
difficult. Consider, for example, a situation in which rutting problems develop on a warrantied
partial reconstruction project. If the scope of the project did not include rehabilitation of the
subgrade, and problems with the subgrade were responsible for subsequent rutting problems, the
contractor might not be responsible for the damage. The distress in the subgrade, however, could
have resulted from an under-designed or poorly constructed base and running surface, which are
features of the project within the contractor’s control. Establishing both the source(s) of the
observed distress and the degree of responsibility of the contractor may require considerable
investigatory effort. Some mechanism will be required to allow for the expedient and consensual
resolution of differences of opinion regarding warranty compliance between the contractor and
the contracting agency.

The consequence of failing to meet the conditions of the warranty may need to be
included as part of the contract specifications. If MDT expects the contractor to be prompt and
effective in restoring an acceptable level of service to a roadway that is in non-compliance with
warranty requirements, these expectations need to be fully stated in the contract provisions.

A distinct disadvantage of in-service warranty specifications is the prolonged nature of
the contract agreement. For the agency administering the contract, overhead costs associated
with contract administration will be incurred over a relatively long period compared to the
present system for roadway construction. For the contractor who was awarded the contract, the

possibility of suffering a substantial financial loss will exist throughout the extended warranty
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period. Outstanding warranty obligations may affect the ability of contractors to get bonding for

new projects (see Section 2.5.2).

2.4 BID PROCESS AND AWARD OF CONTRACTS

2.4.1 Current System - In general, project announcements are publically made, and any

contractor can bid on a project whose dollar value is commensurate with the classification of
their contractor’s license. (Note that on federally-funded project, while a license is not required
to bid, the contractor must have a license by start of work, if successful on a bid.) The project is
subsequently awarded to the low bidder, presuming various requirements specific to the job are
met. One such requirement typically is that the contractor secure a performance bond in an
amount equal to the cost of construction. While MDT does not employ a formal pre-qualification

process, bidders are pre-qualified by the requirement of bonding (see Section 2.5.1).

2.4.2 Considerations for In-Service Warranty Specifications - In evaluating bids by the above

process, it is a fairly simple matter to determine the recipient of a given contract, as the end
product is the same, independent of the contractor selected to do the work. Evaluation of the
bids submitted under a warranty approach may not be so simple. The proposed physical product
could vary significantly among bids, as contractors pursue different strategies in providing a
roadway that will meet in-service demands. For example, on a simple reconstruction project,
contractor "A" may propose to use a moderately thick base and a thin running surface made with
an exotic asphalt concrete, contractor "B" may propose a thick base and a thick asphalt concrete
running surface, and contractor "C" may propose a Portland cement concrete pavement. In each
case, the contractors may or may not propose to do annual maintenance over the warranty period.

The simple solution to this dilemma is to still take the low bid. The contractor, and
bonding company, guarantee the design, and they are obligated to perform remedial work if it
becomes necessary. This approach may be somewhat irresponsible, if the design proposed by the
low bidder is seriously flawed. If, however, the qualifying low bidder’s design is checked by the
state, in awarding the bid the state is taking some level of responsibility for the contractor’s

design. A serious dilemma is created by the approach, as it defeats one of the primary goals of
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in-service contracting, which is making the contractor responsible for the performance of the
roadway, at least for a portion of its life.

A second solution to this problem is to place constraints on the approach to be followed
by the contractor in meeting in-service performance requirements. For example, the stipulation
could be made that the running surface on a particular project must be constructed with asphalt
concrete. This approach, however, may seriously compromise one of the perceived benefits of
the warranty approach. That is, the contractors will not be as free to bid a project using the
methodology that they feel is the most appropriate and cost effective methodology to provide the
required service of the roadway.

A third solution to this problem is to use a different metric to determine the lowest bid
then to simply use the lowest total project cost. Florida let a demonstration desi gn-build project
in 1990, for example, in which the contract award was based on the low bid per unit of quality
offered (Merwin, 1990). A technical panel reviewed the proposals prepared by each contractor
and assigned them a score between 0 and 100 based on technical merit. The cost per unit of
quality offered was calculated as the total bid cost divided by the numerical technical score of the
proposal. The job was awarded to the proposer with the lowest cost per technical quality point.

In this specific instance, the low total dollar bid was not the successful bidder on the project.

2.5 BONDING PRACTICES

2.5.1 Current Roadway Construction Bonding Practices - Bonding is used on roadway

construction projects to protect the public interest in the event that the contractor is unable to
complete a project according to specifications. Note that this form of bonding provides no
protection to the public regarding the performance of the roadway over its design life. The bond
process simply insures that the roadway will be completed as per design, and that any flaws
related to materials and workmanship revealed during the first year of service will be repaired by
the contractor. If the contractor is unable to complete the project as specified in the contract, the
bond will be forfeited and the proceeds used to finish the project.

In entering into a bond agreement with a contractor, the bonding company implicitly

indicates that, in their opinion and within their acceptable level of risk, the contractor will be able
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to successfully complete the project. Surety companies do thorough evaluations of a contractor’s
equipment, experience, and outstanding level of bonds before entering into a bond agreement
with a contractor on a new job. Thus, as performance bonds are required on all major MDT
roadway contracts (in an amount equal to the estimated project cost), the bonding requirement
effectively insures only "qualified" contractors can bid on projects. Presuming the governmental
agency that solicited the bids concurs with the criteria used by the bonding companies in their
screening process, bond companies handle the "pre-qualification process" for the agency.

Bond companies have a reasonable idea of the risk associated with their job under the
present system of roadway construction contracting. The system has been in-place sufficiently
long that the type of work to be performed is well understood, the ability of contractors in-
general (and for a particular contractor) to meet the contract specifications has been historically
established, and the administrative details of contract process have been practically and
comprehensively determined. The period of exposure is limited to one year after physical

completion of the project.

2.5.2 Considerations for In-Service Warranty Specifications - Major issues that need to be

addressed if bonding is to be used on in-service warranty roadway construction projects include:

1) how can the risk of failure for this type of project be assessed, given that
little historical experience with these specifications exists? (Bond
companies need to have some idea of the riskiness of the venture they are
underwriting.)

2) what action will be required if the warranty specifications are not met, and,
if necessary, who will determine what these activities are? (Bond
companies need to have some idea of the magnitude of the financial
obligation that they and contractor could face.)

3) are the contractors in the state reasonably capable of providing the design
and quality control efforts necessary for these projects?

4) as time goes by, will the ability of contractors (and/or the bonding

company, itself) to obtain bonding for new warranty jobs be compromised
by their accumulated level of outstanding/active warranty bonds?
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Obviously these concerns only need to be addressed if the desire still exists on in-service
warranty jobs to "protect" the public’s investment. Such protection could be provided a) by
some form of bonding system similar to the current one used, or b) by withholding some of the
payment for the project pending its satisfactory performance during the warranty period.
Following either approach, the four issues introduced above need to be addressed.

Historical information collected by MDT on in-service pavement performance should be
useful in assessing the level of risk associated with specific in-service warranty performance
requirements. As briefly discussed in Section 2.3.3, frequency distributions can be created from
past data that show the performance historically delivered by projects of a given type over their
service lives. The in-service warranty requirements may well have been purposefully set, after
reviewing such distributions, at a level of risk agreed to be mutually acceptable to the public, the
contractor, and the bonding company (see Section 2.3.3). The specific requirements selected and
the credibility of this entire process are directly tied to the quality of the historical performance
data available from MDT. Desirable data on historical projects includes the original project
design parameters and the subsequent performance of the as-built project as a function of elapsed
time and level of vehicle use.

The level of the financial liability assumed by the surety company and the contractor in
entering into an in-service warranty contract is directly related to nature of the remedial action
required if the terms of the warranty are not met. The magnitude of this financial commitment
can be identified by explicitly stating in the specifications the required remedial actions
associated with each element of the in-service warranty (e.g., for cracking, seal pavement; for
poor skid resistance, provide a chip seal; etc.) and/or specifying the most extreme action that may
be required under the warranty and assigning a cost to this action (e.g., mill off the running
surface and place a thin overlay over the entire project). The amount of the bond, or the amount
of the contract payment withheld during the warranty period, can be related to this cost.

The ability of a contractor to obtain bonding for roadway construction projects is related
to a bonding company's confidence in the contractor’s ability to complete the project. Under a
warranty approach, in addition to building the facility, the contractor will be responsible for its

design as well as for ensuring that it is constructed according to this design. These two functions
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have been performed almost exclusively by MDT on state road projects, and thus only limited
private sector expertise has developed in these areas. Thus, the ability of contractor’s to
successfully complete these functions is uncertain.

The ability of a contractor to obtain bonding for roadway construction projects is also
related to the amount of their outstanding bonded projects. In formulating their rates, bonding
companies presume that a contractor’s assets will be available to offset any losses they may
experience if the contractor defaults on a project. The assets of any given company are finite,
and thus there is a limit on the total face value of the bonds (and thus the number of projects)
they can be pledged against. This limit on bonding ability can limit the amount of work in which
a contractor can engage. Under the present roadway construction system, the obligation of the
contractor and bond company on any given project extends for only one year after completion of
the project. Thus, the bonding capacity of the contractor is restored in a fairly timely manner as
projects are completed. Under in-service warranties, the obligation of the contractor and the
bond company can extend throughout the entire warranty period (say, for example, 5 years).
Thus, after a few years of work on in-service warranty projects, contractors could accumulate a
significant number of projects with active performance bonds. Before any of these projects
reached maturity, a contractor could reach his/her bonding capacity, and thus be unable to
participate in further jobs.

Possible solutions to the problem of using up the bonding capacity of contractors under
an in-service warranty system include:

1) increasing the bonding capacity of contractors, this action would result in
an increase in bond costs, as bonding agents would be forced to increase
their rates due to the reduced probability of recovering their costs in the
event of a default using contractors’ assets, and

2) allowing the face amount of the bonds to decrease, as successive years of
the warranty period are successfully completed.
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2.6 PAYMENT SCHEDULES

A variety of options exist in the issuance of payments for warrantied projects. Consistent
with current practice, funds for in-service warranty based contracts could be distributed to the
contractors piecemeal as the work is completed and as the stipulations of the warranty are met.
Ten percent of the contract amount, for example, could be withheld at the end of construction
and subsequently released at the end of the warranty period. Alternatively, a bond could be

posted to guarantee any remedial work required during the warranty period was performed.
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3. SURVEY OF EXISTING IN-SERVICE WARRANTY CONTRACT PRACTICES

3.1 GENERAL REMARKS

Warrantying the in-service performance of roadway construction projects is not a new
idea in the United States. Hancher (1994) provides a brief history on the use of such warranties
dating back to 1889 in his comprehensive review on roadway warranty practices in the U.S. and
Europe. In contemporary times, transportation agencies in various European countries have
taken the lead in using in-service warranties. European experience with these types of contracts
dates back at least two decades, and their use is now commonplace. Experimentation and
adoption of this type of contract has historically been less aggressive in the United States and
Canada. Use of in-service warranties has been increasing in the United States since the late
1980’s, as innovative contracting procedures have been implemented in a effort to provide the
public with better, more economical roads. Thus far, nine states have been identified that are
using in-service warranty contracts on demonstration roadway construction projects.
Additionally, in-service warranties are offered by at least one major company in the United
States on roads that they construct. The majority of the roads involved are typically low volume
local and private roads. Finally, information was found on a guide specification developed by
FHWA for use with in-service warranties on micro-surfacing projects and on demonstration

projects conducted in Canada using a modified version of this guide.

3.2 EUROPEAN PRACTICE WITH IN-SERVICE WARRANTIES
3.2.1 General Remarks - Representatives of the highway construction industry in the United
States toured Europe in 1990 (AASHTO, 1991) and 1992 (U.S. TECH, 1993) to observe their

roadway construction procedures with respect to their technical approaches and business
practices for both flexible and rigid pavements. A summary of their findings with respect to
contracting practices from these tours is found in Table 3.1. The countries visited by the tour
included Austria, Denmark, France, Germany, Norway, Sweden, and the United Kingdom. A
number of European practices, including warranties, were identified by the tours’ participants as
potential sources of the observed higher quality of European roadways compared to those in the

United States. The political, social, and economic climate, in addition to the transportation
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Table 3.1 - European Warranty Practices

Country Structural QA/QC Warranty Warranty
Design Period Terms
Austria State Approved | Contractor 2-5 years Warranty Bond
Denmark State Contractor 5 years min. 5% Retention
France Contractor Contractor 10 years Failures paid by
contractor
Germany Contractor QA - State 4-5 years 5% Retention
(within state QC - Contractor
established
limits)
Norway State (usually) Contractor 3 years 15% Warranty
Bond
Sweden Joint Contractor 3-5 years Failures paid by
contractor
United Kingdom | State State Do not use in-service warranties

network, itself, are different in Europe and the United States. Therefore, adoption of the

European warranty model may not be appropriate in the United States. Differences in the

construction situation in the United States and Europe (Hancher, 1994) include:

1)

2)

3)

4)

5)

in Europe, government and industry closely cooperate in the pursuit of
quality, and any increase in net construction costs associated with this
collaboration are accepted,

the construction industry in Europe is much more actively involved in

research and development than in the United States,

while contracts are awarded competitively in European countries,
governments are able to restrict these awards to well qualified contractors,

in many European countries, the government is able to negotiate the price
and scope of effort on construction work during the warranty period, and

contract disputes in Europe appear to be settled by negotiation rather than

litigation, as might be the case in the United States.

All the European countries listed above, with the exception of the United Kingdom, offer

in-service warranties on roadway construction projects. Typical warranty periods range from 2
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years for an unbound base course without a wearing surface in Austria, to 10 years for roadway
projects in France. During the 1990 tour of asphalt concrete highways in the afore mentioned

countries, the observations below (Hancher, 1994) were made for each country.

3.2.2 Austria - Austria uses in-service warranties on roadway projects. Similar to the U.S., the
project specifications are approved by the government, and a construction bond is required. An
additional warranty bond is required for all highway projects in the form of cash deposit, or
deposit of domestic trustee security. Warranty periods vary in Austria depending on the type of
work to be performed. For example, a hot mix asphalt pavement with a unit weight of less than
45 kg/m”® (9.2 1b/ft?) will be covered by a 2-year warranty period, while a hot mix asphalt
pavement with a unit weight of greater than 110 kg/m® (22.5 Ib/ft?) will require a 5-year
warranty. QA/QC items are the responsibility of the contractor, with the results reported to the
government. Conflicts over the results of testing are performed by an independent laboratory,
paid by the party which disputes the results. Any defects are to be repaired by the contractor

"immediately."

3.2.3 Denmark - Denmark advertises road work in a fashion similar to standard practice in the
United States. Contract award, however, is based on the lowest life-cycle cost offered in the bid
proposals. Structural design is the responsibility of the Danish Road Directorate (DRD).
Therefore, the government sets items such as the stru<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>