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Abstract: This paper presents the results of a comprehensive survey on warranty practices in the United States and a summary of th
impact of warranty implementation on highway projects, based on questionnaire responses and interviews of State Department c
Transportation(DOT) representatives, contractors, and surety companies. According to the results of the survey, the initial bid price
increases due to warranty provisions are estimated to be somewhere between 0 and 15%, while the changes in maintenance and proj
life-cycle costs are expected to be minimal. Warranty provisions increased the quality of the projects and reduced the need for site
inspection and record keeping for state DOTs. The study also revealed the unwillingness of surety companies to underwrite smal
contractors when the project calls for long term warranty durations.
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Introduction ingness of surety companies to issue long term bonds, and the
ssible increase in contract disputes and litigation.

All the abovementioned pros and cons of warranty provisions

need further study to ascertain their impact on cost, quality, con-

struction duration, bonding, contract disputes, and litigation. The

Warranty contracting is one of the latest innovations in the United PO
States highway construction industry. This contracting method
has two basic features that differentiate warranty jobs from regu-

ﬁ;i(r:]?:;f:é ejovsz:r(kl )trfgte nﬁgmroicgﬁi :)s\/:relﬂeri‘:'gg;ﬁ'tble g?i:);r;{] d study should be broad enough to incorporate the points of view of
y yp all concerned parties, state DOTSs, sureties, and contractors. It is

(2.) the contractor has the freedom to use the materials and tech'not certain that the expected benefits from warranties are being
nigues that he or she considers best for the job so long as the stat

fealized or that the problems are as severe. Therefore, a compre-
standards are met.

The maior underlving obiectives of warranty provisions from hensive study was initiated to evaluate warranty provisions on
the pers eJctive of Sytatge D:a artment of Trané/ Fc))rtat(@@Ts) highway construction projects in the United States based on the
the persp X P porte available knowledge and experience of the parties associated with
include increased quality of the products, lower maintenance and

roject life-cycle costs, protection against early project failures warranty contracting.
Proj cycle costs, prote 9 Y proj '’ This paper provides valuable up-to-date information on the
and reduction in site inspection. Furthermore, warranty contract-

ing is expected to provide contractors with the necessary free domstate-of-practice of warranty contracting and presents the results
g 1S expe P . . y . of the survey that was conducted to address the issues discussed
and incentives to encourage them to use innovative construction

. . . above. The analysis is based on responses from surveyed agencies
technologies and methods on their projects. However, there are Y P Y g

several problems that arise from the use of warranty provisions on " e Jnited States including DOTS, contractors, and surety com-
P . . . anty pro . panies. The discussion starts with a brief background of warranty
state DOT projects such as an increase in the initial bid price as

compared to similar but nonwarranty projects, a reduction in the contracting in.the United S.tates fqllowed by detaile.d. informatipn

number of small contractors bidding on these y;)rojects the unwill- O the major Issues gssomated with Warranty_prowsmns on hl.gh_
’ way construction projects. In subsequent sections, the major find-

ings of the survey are highlighted under different categories of
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dertaken by state highway agencies. Under the SEP-14 progranshowed that, excluding state delivery costs, warranty contracts
11 states considered the use of warranties on federal-aid highwayaveraged $24.34/t versus $27.72/t for standard contracts indicat-
projects including Arizona, California, Indiana, Michigan, Mis- ing a 12.19% reduction.
souri, Montana, North Carolina, New Hampshire, Ohio, Washing-  Quality improvement is the major anticipated benefit of war-
ton, and WisconsitiHancher 1991 ranty use on highway construction projects. Contractors are ex-
Warranty contracting was first applied by the State of North pected to provide better performance on warranted projects than
Carolina to state highway pavement marking projects in 1987 nonwarranty projects to avoid potential repairs and maintenance
(Russell et al. 1999 In recent years, there has been a marked over the warranty periogHancher 1994 However, this is not
increase in the inclusion of warranty provisions in highway con- always the case.
struction contracts. By 1999, more than 21 states had used war- With regard to quality, Indiana DOT was satisfied with the
ranty contracting and let about 240 warranted highway construc- high performance of the 1-69 project with 5-year workmanship
tion projects(Russell et al. 1999 It is anticipated that by the end  and material warrantjfFederal Highway AdministratiofFHWA)
of the year 2003, more than 25 states would have used warrantie000]. Similarly, there was a measurable improvement in quality
on highway construction projects. Currently, Michigan, Ohio, and and performance on 23 warranted asphalt concrete over flexible
Wisconsin are considered the frontrunners in warranty use in thebase pavement projects in Wisconsin as compared to the historical
United States. pavement performance data for surface distress and ride quality
(Krebs et al. 2001L On the other hand, Aschenbrener and DeDios
(2001 reported that there was no measurable difference in quality
of warranted versus traditional DOT controlled projects in Col-

There are many areas of concern in warranty contracting that will Orodo. Also, warranty provisions did not totally eliminate early
have to be addressed. Although long-term performance data in thef@ilures. The state of North Carolina discontinued the use of war-
United States is limited, there is enough information from exist- anty provisions because of an early failure on an epoxy-
ing warranted projects to reach conclusions on some of thesePavement marking project. Montana DOT experienced significant
issues, namely, increase in the bid price, effect on life-cycle costs, failures on a 4-year warranted pavement-marking project. Simi-
anticipated improvements in quality, risks and difficulties in- @rly, Indiana DOT found low performance on two hot mixed
volved in bonding, and impact on project duration. These issues@SPhalt pavements with 5-year warrantesiwA 2000. _
will be discussed separately in the following paragraphs. An_other important aspect of warranty contracting is bonding.
The unknown impact on cost, especially from a life-cycle cost Sureties are not willing to issue warranty bonds because of the
perspective, is a major concern of warranty use in highway con- associated Iong-te_rm risks that are inherent in sut_:h projects. It is
struction. Generally, mandatory warranty bonds, future warranty qlear that underwriting contractors who do not fulfill contract ob-
scope costs, and additional risks of warranty provisions have ligations can cause severe losses to the surety companies regard-
forced contractors to increase bid prices on warranty projects. 1SS of the premium paid by the contractor. In addition, a great
Research efforts to date show that the level of increase in thedeal of effort is required to analyze variables, which affect the
bid price is a function of project type as well as the warranty Igvel of r|§k to the surety ;uch as the contractor’s financial situa-
period. Normally, warranty durations up to 1 year do not increase tion, the size and complexity of the scope of the contract, and the
bid prices as compared to conventional projects. In Michigan, length of the warranty perioRussell 200D All these additional
there was no measurable impact of warranty provisions on cost offiSks and efforts involved in the warranty underwriting process
pavement, bridge deck, and painting projects with warranties of C2USe an increase in the premiums for cpntractors. Krebs et al.
short-term duration. For 3-year warranties, only a 3% increase in (2001 estimated an increase of 5-15% in the premium for a
the bid price was experienced on two hot bituminous pavement qualified contractor on a 5-year warranty pavement project.
projects in ColoradgAschenbrener and DeDios 200Similarly, The impact of warranty provisions on construction duration is
Missouri DOT did not experience any significant cost increase as @nother important concern. According to Byrd and G993,
a result of 3-year warranties on pavement preservation jobs of themobilization, procurement, and physical construction time have
agency(Webb 1994. Bid prices on asphalt pavement projects in decreased on warranted contracts where the contractor had the
Ohio with 5-year warranties increased by an average of 9% freedom of design, material selection, and contracting methods.
(ODOT 2000. However, Scheel1996 reported significant cost
increases on concrete pavement projects in California, as com-
pared to similar projects without warranties. The increase in cost Résearch Approach
was estimated to be 36% for concrete pavement projects, 23% forAs described earlier, the major objective of the study was to ana-
rubberized concrete pavement projects with 3-year warranties,lyze the pros and cons of warranty provisions currently used by

Expectations and Issues of Concern

and 62 and 25% with 5-year warranties, respectively. state DOTs and establish the state-of-practice of warranty con-
Warranties are expected to reduce life-cycle costs by spreadingtracting in the United States. To achieve these objectives, three
the initial investment over the entire warranty periggussell specific data collection modes were used includidgliterature

et al. 1999. However, determining the impact of warranty con- review of academic publications, technical reports, and online
tracting on the life-cycle cost of highway projects is very difficult, resourcesj2) questionnaire surveys targeting state DOTs, con-
due to limited data on long-term performance trends. Krebs et al. tractors, and surety companies; af®l personnel interviews of
(2001 compared the life-cycle costs of 23 asphalt pavement select parties and individuals.

projects with expired warranties to the life-cycle costs of similar The literature review assisted the writers in identifying a set of
standard contracts in Wisconsin. The maintenance costs beyondriteria that were important to establish the state-of-practice and
the warranty period were excluded from the comparison. Also, the evaluation of warranty use in highway construction. The cri-
conflict resolution, distress survey, and traffic count costs were teria identified during the literature review included cost, quality,
found to be negligible and, therefore, were not included in the duration, bonding, and contract components of highway projects.
analysis. The results of the study for the period 1995-1999 Based on the results of the literature review, three types of ques-
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tionnaires were prepared for state DOTSs, contactors, and suretyTable 1. Annual Sales of Warranty Projects of Participating State
companies, respectively. Since the questionnaire survey alsoDepartment of Transportations

aimed to get general information about the respondents as well as
other issues of concern that were not captured under any of the
five criteria mentioned above, the questionnaires included seven

Annual sale of warranties

% of number

major sections: general information, cost issues, quality issues,NUMPer State _ §$ Millions % of total sales of projects

construction duration issues, bonding issues, contract issues, and Michigan 100-500 Over 30 Over 30
unclassified issues. The appropriate questionnaires were sent t@ Ohio 100-500 10-20 10-20

158 agencies in the United States and a total of 63 responses wer8 Florida 100-500 10-20 10-20

received from 40 state DOTs, 16 contractors, and seven surety4 South Carolina 100-500 10-20 Under 5
companies, giving a response rate of approximately 40%. The5 California 20-100 Under 5 Under 5
remaining ten states that did not respond do not use warranties orf Wisconsin 5-20 Under 5 5-10

their projects. Of the 63 responses, only 35 were tabulated, be-7 Minnesota 5-20 Under 5 Under 5
cause 18 state DOTs had never used warranty provisions and niné West Virginia ~ 5-20 Under 5 Under 5
state DOTs had limited experience with such contracts. Further-9 Colorado 5-20 Under 5 Under 5
more, a surety company responded with a general information 10 Mississippi 5-20 Under 5 Under 5
letter instead of filling out the questionnaire. Therefore, unless 11 Indiana Under 5 Under 5 Under 5
stated otherwis¢some respondents did not answer all the ques- 12 Oregon Under 5 Under 5 Under 5
tions), the results of the questionnaire survey are based on 1313 Pennsylvania  Under 5 Under 5 Under 5

state DOT, 16 contractor, and six surety company responses.

There were several questions to which respondents could provide

as many answers as were applicable, for example contractor in'GeneraI Information
novations used on warranty projects. The responses to these ques-

tions are based on the number of observations instead of numbefryg gpjective of this section was to gather general information on
of respondents and, therefore, may not add up to the total numbefne experience of the state DOTs with respect to the agency’s
of respondents or 100% when reported as percentages. expectations, benefits, and problems in warranty implementation,
The questionnaire survey was followed by extensive personnelthe amount of annual sales of warranty projects, the type of war-
interviews comprising of select questionnaire survey respondentsranted products, the required warranty durations, and the number
to further clarify the issues raised in their responses. The inter- of bidders on warranty projects.
viewed agencies included state DOTSs, contractors, and surety
companies. A total of 22 interviews were conducted including
eight state DOTs, nine contractors, and five surety companies.
The titles of the eight state DOT interviewees were Director of
Construction(four), Chief Pavement Enginedpne), Construc- For a majority of the respondent89%), the annual sales of war-
tion Division P.E.(one), Traffic Services & Systems Engineer ranty projects, as a percentage of the agency’s total annual
(ong, and Quality Assurance Engineéne. The titles of the projects dollar value, is under 5%, while about 23% of the respon-
nine participants from pavement contractors were Presidentdents indicated 10-20%. For very fg8%), the annual sales of
(three, Vice Presidentfive), and Engineefone. The titles of the ~ Wwarranty projects is over 30%.

State Department of Transportations and Warranty
Usage

five interviewees from surety industry were Executive Vice Presi- A slight change was noticed when the number of warranty
dent (one, Director of Surety(one), and Surety Representative Projects was compared to the annual total number of projects. A
(three. larger number(76% of the respondents indicated that their an-

The interview questions for state DOTs focused on gathering U@l sales are less than 5%, while the remaining 24% were
information and comments on major barriers and benefits in €qually spread among 5-10%, 10-20%, and over 30%. A list of
implementing the warranty provisions, the best warranty period € participating state DOTs with detailed information on their
for different types of projects, the profile of contractors bidding annual sale of warranty projects is given in Table 1.
on warranty projects, and possible alternatives to the current war-
ranty provisions. The questions for contractors included issues Warranty Experience of Interviewed State Department
such as major problems encountered on warranty projects, sourcef Transportations

c.)f bi(.j pr_ice inc_reases, risks associated with i_nnovations, and dif- This section provides brief information on the warranty experi-
ficulties in getting warranty bonds. The questions for surety com- once of the state DOTs who participated in the interview survey.
panies mainly covered the risks that bonding companies face withrap1e 5 is a list of the interviewed states, the typical warranted
respect to the warranty provisions. _ products, and mandated warranty durations.

The following sections summarize the results obtained from * A5 one of the early states implementing warranty contracting,
the questionnaire survey as well as the opinions and viewpoints ofjichigan DOT (MDOT) has currently more than 500 warranty
the interviewees. However, it should be noted that the findings of projects in service. Approximately 70% of Michigan DOT
the study are based on the information received from state DOTS,projects are sold with warranties. The three reasons indicated by
contractors, and surety companies that have experience with warMichigan DOT for applying warranties to DOT projects are to:
ranty contracting and, therefore, should not be construed as ap{1) reduce personnel requiremen(®), encourage contractor inno-
plying to the whole country. The writers, if contacted, are pre- vation, and(3) transfer the risk to the contractor. However, con-
pared to provide readers with copies of the survey forms and tractor resistance to warranties is still the biggest issue for MDOT
interview questionnaires. in warranty implementation.
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Table 2. List of Interviewed State Department of Transportations

. . Pavement Marking (4) 2
with Typical Warranted Products Crack Seal 2) 5
Products) Saw & Seal (2) 2
State warranted Warranty duratidiyears)] Hot In-place Recycling (3) 3
) ) Chip Seal (3) 2
Wisconsin Asphalt pavement 5 Micro-surfacing (4) >
Minnesota Asphalt pavement 2-5 Deck Overhy (1) e ,
Concrete pavement 5 New Peck (L}
Microsurfacin 2 Concrete paverent (5) 4
. 9 . Asphalt pavement (12) 5
Hot in-place recycling 2-5 = 6 7 s
Saw and seal 2 0 L 2 9 4
Pavement marking 5 NOTE: The number of responses is shown in paranthesis Years
Indiana Asphalt pavement 5 Fig. 1. Average warranty periods for different types of projects
Concrete pavement 5

Michigan Asphalt pavement 5 (Materiah- workmanship)
7 (Performance

Concrete pavement 5 (Materiah-workmanship)
7 (Performance

West Virginia DOT is applying the warranty contracting ap-
proach to roadway pavement marking projects. Ten district con-
tracts are issued annually to place pavement markings on road-

D_eCk °Ve”‘_'iy 3 ways, statewide. Additionally, one biannual contract is issued to
M'Cro_surfac'”g 2 place a semidurable pavement marking on the interstate and intr-
_ Chip seal _ 2 astate highway system. Up to and including 2002, West Virginia
Hot in-place recycling 3 DOT had let 53 district and three biannual contracts. Of these, 43
Saw and seal 2 district contracts and two biannual contracts have been completed
Crack seal 2 to date. The warranty period for pavement marking projects is
West Virginia Pavement marking 1-2 only 1 year. West Virginia DOT stated that warranty provisions
Florida Asphalt pavement 5 helped them improve quality on their jobs. Also, related tangible
South Carolina  Asphalt pavement 3 cost increases proved to be insignificant after intangible costs
Pavement marking 12 were taken into consideration.
Oregon Asphalt pavement 3 Florida DOT has used warranty contracting on several asphalt

pavement and pavement marking projects. However, since it was
getting more and more difficult for contractors to provide the
agency with a warranty bond, Florida DOT has started to apply a

Wisconsin DOT requires a 5-year warranty on asphalt pave- contractor guarantee approach to state DOT construction projects.
ment projects. Since 1995, the agency has sold 42 asphalt paveUnder this system, contractors are prequalified for bidding on
ment projects. The warranty period of only nine projects has now DOT projects and are made responsible for fixing any failures
expired. Wisconsin DOT mentioned that all warranty projects after project completion, as specified in the contract. Accordingly,
turned out the way they had anticipated, resulting in reduced cost,any contractor who does not perform is taken off the bidders’ list.
improved quality, and better documented information. At this Because of this approach the State of Florida does not require a
point, none of the nine projects with expired warranties has re- warranty bond from contractors anymore.
quired any remedial or warranty work to be done. Wisconsin In South Carolina warranties were applied to two large
DOT plans on expanding the use of warranties on pavementdesign—build contracts$100 million). The projects were com-
projects in the immediate future. pleted in June of 2000 and in October of 2002, respectively. Both

Minnesota DOT used warranties for the first time in 1995 on projects have a 3-year warranty. South Carolina DOT mentioned
saw and seal maintenance contracts with a warranty period of 2that they are already experiencing failures on the design—build
years. In 1999, they went to microsurfacing warranties. Minne- contracts because of problems related to subsurface conditions
sota DOT has let ten such projects with 2-year warranties. In but not to the construction activities or the quality of construction.
2001, the agency issued two design—build warranty projects fol-  Oregon DOT has been applying warranties to several pave-
lowed by three pilot deck overlay warranty projects in 2002. The ment marking projects. However, the first two asphalt pavement
warranties for the design—build and deck overlay projects have projects with 3-year warranties were sold in 2002 and are still
not yet expired. Minnesota DOT mentioned that the only reason under construction. Due to the short warranty period, Oregon
for using the design—build approach on two warranty projects DOT does not expect to have any problems or changes in the
was to get the projects completed in a shorter time. According to process in the future. The reason why they wanted to implement
Minnesota DOT, warranty provisions helped them in getting more warranties was to make the contractor more responsible for the
quality conscious contractors without a significant increase in work being done.
cost.

Indiana DOT has let eight warranty contracts since 1996, all of
which are hot-mix asphal(HMA) pavement projects with 5-year
warranties. Only one project has completed its warranty period to
date. Indiana DOT mentioned that they have not had any prob- The survey showed that the average warranty period required by
lems with warranty projects. Only minor remediation needed to state DOTs was 5 years for asphalt pavements, 7 years for con-
be done on two projects by the contractor. crete pavements, and 2 years for preventive maintenance applica-

Warranty Period Requirements for Different Types
of Projects
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tions. A detailed summary of the results with the number of the

. . . K Over 50% |0

respondents for each project type is shown in Fig. 1.

Wisconsin and Indiana DOTSs stated that the agencies’ 5-year §  20-50% 1
warranty for asphalt pavement projects was a compromise among E 10-20% 1
the state DOT, the contractors, and the surety companies. Having g 4

. . ' . g 510%
found out that a 5-year warranty is working well, Wisconsin DOT
«g, Under 5% 2

is planning on experimenting with 7-year warranties on asphalt
pavement projects in the future. Another reason why Indiana. No effect 2 # of Responses
DOT accepted a 5-year warranty is that, according to the agency, ' ' i i ' !
any possible construction related problem should show up within a ¥ 2 3 & 4
the first 5 years after project completion.

Minnesota DOT mentioned that 5-year warranties are still only
material and workmanship warranties. According to Minnesota.
DOT, real performance based warranties should have longer war-design—build projects, the in-state contractors do not qualify for
ranty durations. Michigan DOT stated that warranty durations are warranty jobs.
based on negotiations between the state DOT and the contractors. The responses and comments provided by participants in this
Their target is to have at least 50% of the design life warranted. section indicated that the reason for the decrease in the number of
Michigan DOT is currently looking at 7-year performance war- bidders on warranty projects if any is the size of the project rather
ranties on pavement projects. South Carolina DOT chose a 3-yeathan the warranty itself.
warranty period for two large design—build contracts, because
contractors had a difficult time obtaining a warranty bond for
longer periods. For pavement marking projects, however, the Cost Issues
agency is currently considering 5-year warranties. Oregon DOT
wants to apply warranties to all pavement projects in the future. The objective of this section was to gather information on cost
Hence, they limited the warranty period to 3 years in order not to issues of warranty highway construction projects with respect to
tie up the bonding capacity of contractors doing business with the changes in bid price, maintenance cost, and project life-cycle
agency. cost.

Fig. 2. Average increase in bid prices after warranties

Average Increase in Bid Prices due to Warranty

Number of Bidders on Warranty and Nonwarranty Provisions

Projects
) As shown in Fig. 2, four out of ten state DOTs indicated a 5—10%
For ten out of 12 state DOT®4%), the average number of bid-  jncrease in bid prices due to warranty provisions, whereas two

ders on warranty and nonwarranty projects did not change andyespondents stated that the increase is less than 5%. No respon-
remained within a range of 3—7 bidders. Of the respondents, only gent indicated an increase over 50%.

West Virginia DOT experienced a significant decrease in the num-  According to Minnesota DOT, the average bid price for

ber of bidders from more than 30 on nonwarranty to a few on projects with 2-year warranties did not change. However, the
warranty projects. In 1997, West Virginia DOT let three contracts, agency expects some increase on 5-year warranties because of
with only one bidder per contract. In 1998, they let ten contracts, maintenance and bond costs to the contractor. Indiana DOT indi-
with many of these contracts having sole bidders, and a few con-cated that the warranted items on warranty projects cost 5% more
tracts with no more than two bids each. According to West Vir- a5 compared to nonwarranty projects. In West Virginia, the cost of
ginia DOT, local contractors are afraid of the related liabilities of warranty pavement marking projects decreased incrementally
warranty projects. All the bidders of the agency are medium size since the first application of warranty provisions in 1997 and is
pavement marking contractors, and only one of them is large now approximately 10% above regular pavement marking
enough to bid for a district contract. projects. In South Carolina, warranties were applied to two large
Wisconsin DOT mentioned that the contractors bidding on design—build contracts with a cost of more than $100 million.
warranty and nonwarranty jobs of the agency are usually the sameHowever, there is no standard type project of this size that can be
local contractors, who are happy with warranty projects at this used for cost comparison.
point. Minnesota DOT reported that the agency did not see any A majority (65%) of contractors indicated that the average
change in the number and the profile of bidders from nonwarranty increase in bid prices due to warranty provisions is 5—15%. About
to 2-year warranty projects, except in one case where one con-20% of the respondents reported a 0—5% increase, while the re-
tractor decided not to bid on warranty jobs for an unknown rea- maining 15% reported a 15—20% increase in bid prices.
son. Minnesota DOT, however, indicated that the agency could  According to the interviewed contractors, future maintenance
experience a reduction in the number of bidders in the case ofcosts and the cost of the bond are the main sources of the increase
5-year warranties because of bonding issues. in bid price. It was interesting to note that contractors believed
Indiana DOT did not experience any decrease in the number ofthat despite the risk of future maintenance costs, the tight market
bidders. Since the warranty jobs let are interstate jobs, the com-tends to keep prices down, lower than what they would be in a
peting contractors are medium to large size contractors withoutless competitive market. The interview survey also revealed the
the problem of bonding. Similarly, Michigan DOT indicated that concerns of small contractors regarding competition. According
warranty provisions did not affect the number of contractors bid- to small contractors, large contractors have a competitive advan-
ding on warranty jobs. With respect to bidders, the most impor- tage over smaller contractors, since they can spread out the cost
tant problem for South Carolina DOT is the small size of in-state of the warranties among other jobs and reduce the bid price, while
contractors. Since the agency applies warranties only to largecarrying less risk than the small contractors. The competition may
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Little /
saving Number of Responses
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Fig. 4. Contractor innovation on warranty projects

Fig. 3. Expected variation in project life cycle cost

Quality Issues

The objective of this section was to gather information on the
impact of warranty provisions on highway construction project
quality, site inspection, and record keeping.

also be decreased due to the small contractors’ inability to obtain
the required warranty bond, as discussed in the “Bonding Issues”
section.

Impact of Warranty Provisions on Project Quality

Expected Savings in Maintenance Cost About 46% of the state DOTSs indicated that warranty provisions

Eight (8) out of 9 state DOT$88%) indicated that the expected Slightly improved project quality, whereas 23% indicated great
savings in maintenance costs as compared to nonwarrantyMProvement. On the other hand, 31% of the respondents reported
projects is under 10%. Only West Virginia DOT expected more that the impact of warranty provisions on project quality is not yet
than 50% saving in maintenance costs on the agency’s pavement!€&'- , dih _ . db
marking projects. With warranty contracts, the assumption of the Wisconsin DQT stated that warranty projects performe ett(_er
agency is that contractors will perform at a high enough level to than regular projects as measured by two performance evaluation
keep future maintenance costs very low, or nonexistent indices: performance distress index and international roughness

Indiana DOT mentioned that they did not experience any index. Indiana DOT observed that on warranty projects the over-

. - . - ) all quality seems to be better since the contractors are payin
change in maintenance costs on warranty projects in the first 5 q y paying

. . . ~more attention to the quality of the work including nonwarranty
years. It was interesting to note that Oregon POT expected MaIN-iiems. However, Indiana DOT thinks that the warranty approach
tenance costs on two recent pavement projects to be about th

o L ) s only shifting the risk to the contractor and wants to focus more
same as the agency’s highest quality jobs without warranty. The o, gyraight performance related specifications. Similarly, West
survey also revealed that longer warranty periods and tightery;ginia DOT observed that their warranty contracts are worth-
specifications are the major possible methods for state DOTSs tohile with respect to quality. The agency has found an improve-
reduce future maintenance costs. ment in quality on warranty contracts.

About 62% of contractors indicated that warranty provisions
encourage them to maintain higher quality. However, the remain-
ing 38% of the respondents indicated that they have not observed

Very few state DOTE8%) indicated that they expect a substantial 1Y Significant change in quality due to warranty requirements.
saving in the project life-cycle cost of warranty projects as com- The survey also revealed that contractors have a more conserva-

pared to nonwarranty projects. Most of the respondéab®ut tlvetattlttude dwhent yvorkmg Og' twarranty prOJe(i'tS. Most ,Of thfe
46%) reported little increase in the project life-cycle cost of war- contractors do not innovate but are more quality conscious for

ranty projects. A detailed summary of the results obtained is given fear of carrying a'ddltlonal risk. Fig. 4 is a summary qf the most

in Fig. 3. preferred innovations by contractors on warranty projects.
Wisconsin DOT mentioned that according to their pavement

management data, the agency projects an increase of 5 years ilmpact of Warranty Provisions on Site Inspection

the HMA pavement life due to Warran_ty provisions. Addi_tionally, A majority of state DOTS(77% indicated that warranty provi-
when all factors such as reduced maintenance and delivery costgjons have reduced the need for site inspection, while about 15%
are considered, warranty projects are less expensive than regulajgicated no change, and the remaining 8% indicated more in-
projects. For example, Wisconsin DOT does not assign a pave-gpaction by the state DOTs. On the other hand, a majority of
ment inspector to warranty jobs. According to West Virginia DOT,  contractors(69%) reported no change in site inspection on war-
the cost of regular and warranty pavement projects to the agencyranty projects and 25% indicated that warranty provisions in-
are very similar. Although the tangible costs for warranty con- creased the need for site inspection by the contractors.

tracts are somewhat highéypically within 10% of state force Minnesota DOT did not experience any decrease in its inspec-
contract$, the intangible costs provide a greater value than the tion workforce on the 2-year warranty projects, but the agency
10% difference. Some of these intangible costs are: better quality,expects some decrease on projects with 5-year warranties. Florida
guaranteed performance, shorter contract time frames, and reDOT has reduced its inspection staff on warranty projects. The
duced inspection costs. inspectors in the asphalt plant and on the roadway have been

Expected Savings in Project Life-Cycle Cost
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removed from the process. South Carolina DOT mentioned that Disputes may
they had only three inspectors on large-design—build projects, No increase
which resulted in a tremendous reduction in the inspection staff.  gpservable greatly
However, according to the agency, a level of inspection and over- effect 17%
sight is still needed to keep everyone honest. So, henceforth, more 41%
inspectors will be assigned to new warranty design—build

projects. Oregon DOT said that the agency has no plans to change

Disputes may

increase
the number of inspection staff on its warranty projects. slightly
o ] Disputes may Disputes may 2%
Impact of Warranty Provisions on Record Keeping decrease decrease
About 54% of state DOTs reported that warranty provisions re- slightly greatly
sulted in less record keeping, while 31% indicated no change and 17% 0%

only 15% indicated more record keeping. However, it was inter- ) )
esting to note that 94% of contractors indicated that warranty IFtlg :_3' Impact of warranty contracting on contract disputes and
iugauon

provisions have increased the need for record keeping. The con-
tractors mentioned that their documentation and record retention
is more important in the case of a future dispute over the war-
ranty.

The interviewees from the surety industry indicated that the
underwriters use the same risk evaluation methods for both war-
ranty and nonwarranty projects, but these methods are not ad-
equate for the long-term obligations associated with warranty
bonds. Therefore, because of the lack of appropriate risk assess-
ment methods, surety companies prefer larger contractors with
relatively larger working capitals to smaller contractors.

Construction Duration Issues

The objective of this section was to gather information on the
effect of warranty provisions on the construction duration of high-
way construction projects.

Face Value of Warranty Bond

Impact of Warranty Provisions on Construction All of the state DOTSs indicated that the agency does not decrease
Duration the face amount of the bond over time. The survey has also re-
State DOTs were asked about the impact of warranty provisionsVealed that most agencies require the warranty bond when the
on construction duration. The majority of state DQabout 61% contract is signed, while the surety companies prefer to issue the

indicated that warranties do not save construction time, while the Warranty bond after project completion. Seventy five percent of
remaining 39% stated otherwise. On the other hand, about 50% ofcontractors indicated that their bonding capacity does not limit the
contractors indicated that warranty provisions may lead to delaysNUmber of jobs they can bid/undertake, whereas 25% answered in
because of uncertain conditions or greater emphasis on qualitytn® negative. _ .
throughout the construction process. The remaining 50% stated VWisconsin DOT mentioned that their contractors have not had
that warranty provisions do not affect construction time. any problem securing a warranty bond. On pavement projects,
Indiana DOT stated that, unlike AB contracting or the lane Wisconsin DOT excludes the first year after completion from the
rental technique, warranty provisions do not speed up construc-varranty period and requires either one single term bond or two
tion. According to Florida DOT, construction duration and war- 2-Year renewable bonds from the contractor for the 4-year war-
ranties are two separate issues that do not interact with each othef@nty period. Although Wisconsin DOT allows negotiations on the
Florida DOT tries to speed up most of the projects by using dif- face value of the warranty bond, it generally requires that _the
ferent tools such as bonuses and incentives. Wisconsin DOT men&mount for small projects be equal to the total cost of the project
tioned that they have had no delays on warranty projects since@nd for larger pavement projects 25% of the warranted bid item.

they try to get the uncertainties or problems cleared up before theMinnesota DOT requires a single term warranty bond from the
contractors start paving. contractor after project completion. The face value of the bond is

based on 20% of the warranted work for overlay projects and on

the cost of total replacement of the pavement for design—build
Bonding Issues projects. Indiana DOT bases the face value of the warranty bond

on the estimate of what the cost would be to repair or remediate
The objective of this section was to gather information on bond- the worst possible failure, which is generally 20—40% of the war-
ing problems for small highway contractors and the calculation of ranted item. The warranty bond is usually provided along with the
the requested face value of the bond. bid as a single term bond for 5 years.

Small Firms and Warranty Bonding Contract Issues

It was interesting to note that the six bonding companies that

responded to the questionnaire were unanimous in their opinionThe objective of this section was to gather information on the
that small firms are very likely to be eliminated from warranty effect of warranty provisions on contract disputes and litigation.
projects. Bonding companies are mostly not interested in support-  Five (5) out of 12 state DOT$41%) indicated that warranty

ing smaller companies for a period of 3—7 years without the abil- provisions do not have an observable effect on contract disputes
ity to reunderwrite on a periodic basis, since the contractor’s fi- and litigation, while three responden{®5%) said that disputes
nancial situation could change relatively quickly. and litigation may increase slightlFig. 5. On the other hand,
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the interviewees from the surety industry indicated that an ex- duced life-cycle costs. However, these modifications requirefur-
tended duration complicates the sorting out of responsibility ther study before they can be effectively and safely applied to
which, in turn, may greatly increase disputes on contracts. Thewarranty contracting.
interviewees also indicated that contract disputes are expected to In this regard, the first recommendation of the writers is op-
occur more frequently in the future as the relatively young war- tional warranty, where the decision to exercise the option to buy
ranty programs of many states in the United States begin to ma-the warranty is delayed until the end of construction when more
ture and contractors are called upon to maintain the pavements. information is available on project performance. In this scenario,
the contractor is required to provide a price for the warranty while
bidding on a project. The state DOT will then decide on the need
Unclassified Issues for a warranty after construction is completed and would buy a
warranty only for projects with a high probability of failure. This
The objective of this section was to get the opinion of the partici- method is based on an important analogy to financial options and
pants on additional aspects of warranty contracting. is a good candidate for further research.

About 54% of state DOTs indicated that warranty contracting  The second alternative approach is the integration of warranty
is a better method than conventional contracting for achieving provisions with other contractual methods that proved to be suc-
goals such as better quality and lower life-cycle cost, while 23% cessful in terms of expected benefits. For example, the incentive/
of the respondents did not favor warranty provisions. The remain- disincentive(I/D) approach could be used with warranty provi-
ing 23% of the respondents did not have an opinion at the time of sions under the same contract to motivate contractors to improve
the survey. The majority of the 14 contractors stated that the lackthe quality or at least to insure that the DOTs get what they pay

of design—build project£86%), long warranty durations79%), for. Additionally, bidding on costtime combined with the 1/D
and limited bond availability(43%) are the major factors that  approach for quality assurance could be used together with war-
prevent them from bidding on warranty projects. ranty provisions to get the construction completed in a shorter

period of time with the expected quality as well as the optional

protection of warranty provisions.
Conclusions and Recommendations While this study has presented several important results on the

pros and cons of warranty provisions in highway construction
Warranty contracting applied to highway construction projects by projects, the conclusions were primarily drawn from the limited
state DOTs was evaluated through a comprehensive study includexperience of state DOTs, contractors, and surety companies.
|ng queStlonnalreS and |nterV|eW SUI’VGyS. The SUrVeyed agenciessince most Warranty programs were Only set up in the past 5
included state DOTSs, contractors, and surety cqmpanies. The SUryears, many completed projects are still under warranty. In addi-
vey results were based on a total of 35 questionnaire responsegion, pilot projects were intentionally selected for their high prob-
and 22 interviews. The survey findings were categorized under gpjjity of success and contractors as well as surety companies are
seven major sections including general information, cost issues,g;j|| learning from these limited projects and trying to evaluate the
quality issues, construction duration issues, bonding issues, CONyisks associated with warranty provisions. Therefore, it is also
tract disputes and litigation issues, and uncl_ass!fled ISSUes.  yery important for state DOTSs to keep track of warranty projects

The study revealed that warranty contracting is currently being ey their entire life to gather adequate data so that a conclusive

utiIi_ze_d by 32 state DOTSs in the United_ States However, for the o\ ajuation based on completed projects and warranty periods
majority of the 13 state DOTSs included in the analy§i€%), the could be made in the future.

number of warranty projects was less than 5% of the total annual
number of projects awarded by the agency.

According to the results of the study, the initial bid price in- Acknowledaments
creases due to warranty provisions are estimated to be somewhere 9

between 0 and 15%, while the changes in maintenance and_ . . . .
project life-cycle costs are expected to be minimal. The potential This study is supported by the Ohio Department of Transportation

impact of longer warranty durations on the cost of the project is (OPOT). The opinions and findings expressed here, however, are

currently unknown due to the unavailability of concrete historical t0Se of the writers alone and not necessarily the views or posi-
data. On the other hand, warranty provisions slightly increase the'ions of ODOT.
quality of the projects as compared to the quality on similar but
conventional projects. However, innovative technologies and
methods, new materials, or better equipment, which could lead toReferences
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fore, it can be concluded that the current practice of warranty — warranties for hot bituminous pavementRep. No. CDOTS-DTD-
provisions is worthwhile if its role is considered mainly as an 2001-18 Colorado Dept. of Transportation, Denver.
insurance mechanism against the unexpected and a protectioy'd: L. G., and Grant, A. A(1993. “Prerequisites for a successful
from early contractor defaults. Although this is essential for state ~ design/build/warranty ~ highway ~ construction  contract http://
DOTs in certain situations, it is not necessary on most projects __WWW-fwa.dot.gov/programadmin/contracts/byrd htiay 2, 2003.

. . . Federal Highway AdministratiotFHWA). (2000. “Warranty clauses in
where the agency has had good previous experience with the

o I ith ificati h federal-aid highway contracts.Briefing (http://www.fhwa.dot.gov/
contractor. Additional y, with some modifications to the current programadmin/contracts/warranty.htiMay 2, 2003.

practice, warranty provisions could be used much more effec- fyancher, D. E(1994. “Use of warranties in road constructionNCHRP
tiVely to help state DOTs in aChieVing better results with respect Synthesis 195Transportation Research Board, Washington, D.C.
to the major objectives of warranty contracting including Krebs, S. W., Duckert, B., Schwandt, S., Volker, J., Brokaw, T., Shem-
contractor-funded innovation, major quality increases, and re-  well, W., and Waelti, G.(2001). “Asphaltic pavement warranties.”

JOURNAL OF INFRASTRUCTURE SYSTEMS © ASCE / JUNE 2004 / 67

J. Infrastruct. Syst. 2004.10:60-68.



Downloaded from ascelibrary.org by Universidad Politecnica De Valencia on 06/09/15. Copyright ASCE. For personal use only; all rights reserved.

Five-Year Progress RepWisconsin Dept. of Transportation, Madi-  Russell, J. S., Hanna, A. S., Anderson, S. D., Wisely, P. W., and Smith, R.

son, Wis. J.(1999. “The warranty alternative.Civ. Eng. (N.Y.)69(5), 60—63.
Ohio Department of Transportatig@DOT). (2000. “Implementation of Scheel, D(1996. “Test & evaluation project #014warranty.” Califor-
warranted items on construction projects.” Columbus, Ohio. nia Dept. of Transportation, Sacramento, Calif.
Russell, J. S(2000. Surety bonds for construction contract&SCE, Webb, M. (1994. “Experimental project No. M091-03."Final Rep,
Reston, Va. Missouri Highway and Transportation Dept., Jefferson City, Mo.

68 / JOURNAL OF INFRASTRUCTURE SYSTEMS © ASCE / JUNE 2004

J. Infrastruct. Syst. 2004.10:60-68.



