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Use of Warranties on Highway Projects: A Real Option
Perspective
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Abstract: Since the introduction of warranty provisions in federal highway jobs, more and more state departments of transportation
(DOTs) have considered the use of such provisions to protect their initial investment. This paper describes the pros and cons of warrant
contracting in highway construction based on a survey of warranty practices in the United States. In particular, the need for state DOT:
to buy a warranty for a well-built project is questioned. As an alternative, this paper introduces the warranty option, which gives the DOT
the right to buy a warranty only if it becomes necessary at the end of construction. This option is exercised if the performance on site
warrants it. This paper describes the mechanics of the warranty option and its advantages over the conventional warranty. A bid evaluatic
model is also developed for thearranty optionapproach.
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Introduction sibility for future repairs once the project is accepted. Stringent
quality control and inspection are necessary to make sure that
Since the adoption of warranty provisions on federal highway contractors are complying with the specifications and the design.
jobs, more and more state departments of transportabair) The warranty approach, usually used with performance-based
have considered the use of warranty provisions to protect their specifications, changes almost every step in the standard contract-
initial investment and to encourage innovations and quallty im- |ng System' The Changes go beyond the manner in which projects
provement. Eleven states participated in the warranty experimentare bid, awarded, and constructed. Most important, contractors
under Special Experiment Project Number 14, referred to as SEP-gre bound by the warranty and are required to come back to repair
14, which was created by the Federal Highway Administration and maintain the highway whenever certain threshold values are
(FHWA) to study the effects of innovative contracting techniques exceeded. In return for the shift in responsibility, contractors are
(Hancher 1994 By 1999, more than 21 states had applied war- given the freedom to select construction materials, methods, and
ranty provisions and finished about 240 warranted highway con- mix designs.
struction projectgRussell et al. 1999 By the end of 2002, more This paper describes the pros and cons of warranty practices in
than 25 states had adopted warranty provisions in highway con-the United States and questions the need for state DOTs to buy a
StrUCtion, but Only a limited number of these prOjeCtS have so far Warranty for a project that is well executed. |nstead' the paper
used up their warranty periods. introduces a possible solution, thearranty option which is a

The warranty approach in highway construction contrasts right but not an obligation to buy a warranty only if the need
sharply with traditional highway contracting practices. Under the grises at the end of construction.

standard contracting option, the state DOTs provide a detailed
design and decide on the construction processes and materials tQvarranty Contracting

be used. Contractors perform the construction and bear no respon- . . . .
P P Warranty use on federal highway projects was prohibited until the

passage of the Intermodal Surface Transportation Efficiency Act
in 1991 because warranty provisions could indirectly result in
IN 47907-2051. E-mail: qeui@purdue.edu federal aid participation in maintenance costs, which at that time

Graduate Student, Div. of Construction Engineering and Manage- were afedera! aid .nonpartICIpatmg |t€(ﬁHWA 2000. Under the
ment, School of Civil Engineering, Purdue Univ., West Lafayette, Warranty Interim Final Rule published April 19, 1996, the FHWA
IN 47907-2051. E-mail: mbayrakt@purdue.edu allowed warranty provisions to be applied only to items consid-

SAssistant Professor, Div. of Construction Engineering and Manage- ered to be within the control of contractors. Ordinary wear and
ment, School of Civil Engineering, Purdue Univ., West Lafayette, tear, damage caused by others, and routine maintenance remained
IN 47907-2051. E-mail: hastak@ecn.purdue.edu the responsibility of the state DOTAASHTO 2001.

“Professor Emeritus, Dept. of Civil and Environmental Engineering, A warranty in highway construction, like warranties for manu-
Unlv._of Cincinnati, Cincinnati, OH 45221-0071. E-mail: minkari@ factured products, is a guarantee that holds the contractor ac-
ucmail.uc.edu ) ) . _countable for the repair and replacement of deficiencies under his

Note. Dlscu'ssmn op_en_u'ntll December 1, 2004. Separate_ dlscussmnsor her control for a given period of time. Warranty provisions are
must be submitted for individual papers. To extend the closing date by . L .

widely used in highway construction contracts throughout Europe

one month, a written request must be filed with the ASCE Managing . . . . .
Editor. The manuscript for this paper was submitted for review and pos- but are still regarded as an innovative concept in the United States

sible publication on May 8, 2003; approved on November 25, 2003. This (Hancher 1994; Anderson and Russell 2001
paper is part of thdournal of Management in Engineering\Vol. 20, No. In the United States, North Carolina first used the warranty
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1999. Soon after, warranty provisions were adopted by other Over $500
state DOTs and implemented on all kinds of highway projects, Million
includin vements, bri kin ri intin reventiv 0
cluding pavements, bridge decking, bridge painting, preventive $100-500 Under $5

maintenance jobs, intelligent traffic systems, and so on. The war-
ranty approach requires more general specifications than does
standard contracting. Rather than defining how to construct a
project, a warranty specification would describe the performance
of the project. Some of the identical elements in a warranted
specification include warranty terms, performance criténdi-
catorg and threshold values, bonding requirement, conflict reso-
lution team, control methods, and remedial actions, as well as
measurement and payme@nderson and Russell 2001

Most state DOTs consider calendar time as the unique war-
ranty term that governs a warranty period. A few stafdsw
Mexico, Colorado, and so ¢nuse two-dimension warranty
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terms—calendar time and traffic load—whichever comes first 5

(Abbey 1999; Ashenbrener and DeDios 2p0Contractors are

required to guarantee that the warranted project works well for a  Fig. 1. Annual sale of warranty projects in 14 states surveyed
specified period without exceeding threshold values. If the project
fails during the warranty period, contractors would come back to from deficiencies caused by design and other reasons beyond the
repair or replace the item at no cost to the state agency. Once th&ontractor’s control. The state DOTs are still responsible for de-
warranty period expires, the contractor is relieved from the war- ficiencies that are design related. The workmanship and material
ranty. In the time and usage scenario, the warranty expires whenwarranty is compatible with the low-bid system and usually has a
the time is met or the usage exceeds the design value, whichevephort-term period, from a few months to 7 years. The contractor is
comes first. This is similar to the 5-year or 50,000-m warranty in diven the responsibility for material selection and undertakes the
the automobile industry. The warranty could expire earlier than fisk for bad workmanship and early failure of the selected mate-
the specified period if the real traffic load exceeds the design ral-

value. In the performance warranty approach, the contractor is given

In a warranted project, the contractor provides a guarantee forflexibility to design and even modify contract details, in addition
the performance of the project. In return, he or she is allowed to {0 material selection and workmanship. Thus he or she assumes
select construction materials, processes, and methods, which ighe responsibility for correcting defects caused by workmanship
impossible in the standard system. In a design/build warranty @hd material as well as design. The contractor may also choose a
project, the contractor would provide a detailed design for the rehabllltat|on strategy or undertgke preventive maintenance dur-
whole project. Instead of a tight quality control program, warranty Nd the warranty period. To provide adequate protection from de-
provisions require that state DOTs only evaluate and accept theSIgn defects, the performance warranty usually has a longer pe-
warranted item based on performance criteria. Indicators such agiod, from 5 to 20 years, which under certain conditions may also
cracking, rutting, bleeding/flushing, raveling, and roughness are P& @ biddable iteniRussell et al. 1999
widely used by many states in evaluating asphalt pavement .
proje)c/ts, while )écaling),/ spalling, and crackir?g arg the i?ldicators Warranty Practices: Pros and Cons
used in decking projects. State DOTs set up threshold values forAmong the states that have applied warranty provisions in high-
these performance criteria in accordance with average historicalway construction, Michigan, Ohio, Wisconsin, and New Mexico
data from similar projects. The threshold value could be adjusted are considered the current frontrunners in highway warranty use.
a little higher or lower based on performance expectations in a Implementation of warranty provisions in construction contracts
warranted project. is considered an innovative contracting practice that is expected

Most states require contractors to follow a standard remedial to provide many benefits. However, many challenges are associ-
action whenever a threshold value is exceeded. The contractor isated with its use nationally, and research on its evaluation in
required to obtain a warranty bond from a surety company as ahighway construction is limited.
guarantee against default during the warranty period. It could be a A questionnaire survey and follow-up interviews were con-
single-term warranty bond or a renewable performance bond. Theducted to compare warranty projects to nonwarranty projects with
face value of the bond is set as either a total sum or a percentageegard to cost, time, quality, bonding, risk, and dispute. The sur-
of the contract price to cover the worst-case scenario for mainte-vey covers the warranty experience in 14 states: California, Colo-
nance costs when the warranted item fails. Since disagreementgado, Florida, Indiana, Michigan, Minnesota, Mississippi, Ohio,
may arise with regard to the possible causes for failure of some Oregon, Pennsylvania, South Carolina, Texas, West Virginia, and
warranted items in the project, there is a need for an independeniWiconsin. Fig. 1 shows the annual sales of warranty projects in
entity empowered to resolve these disputes and assign responsithese 14 states. Based on the survey results, the following sec-
bilities. This task is entrusted to the conflict resolution team, tions describe the advantages and disadvantages of warranty pro-
which is formed from representatives of the state DOT, the con- Visions.
tractor, and a third party.

Warranty contracting is primarily classified as a workmanship
and material warranty or as a performance warrgAtschenbr- State DOTs and contractors both believe that warranty provisions
ener and DeDios 2001A workmanship and material warranty lead to higher quality on site. The survey confirms this belief,
holds a contractor responsible for correcting deficiencies causedalthough only a slight improvement in quality was observed in
by bad workmanship and material but exempts the contractor most states.

Advantages of Warranty Provisions
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One important result obtained from the use of performance-  Surety companies are uncomfortable with issuing a long-term
based specifications in highway construction projects is the devel-warranty bond, and small contractors find it difficult to get a
opment of contractor-funded internal innovations. As judged by warranty bond. Even some large contractors have difficulty get-
contractors, quality-conscious construction, better workmanship, ting a warranty bond if the warranty term goes beyond 7 or 10
and more design input are the most attractive features of warrantyyears. Companies that do not have problems in getting warranty
projects. A few contractors differentiate themselves from their bonds might later find that warranty projects could hinder them
competitors by providing new materials and innovative technolo- from bidding new contracts by using up the companies’ bonding
gies that will need less maintenance and fewer repairs in the capacity.
future. State DOTSs are still protected by the warranty provisions A warranty is only as good as the contractor and the surety
in the event of early failures of these innovative, unproven prod- company involved. The concern is whether the contractor and the
ucts and techniques. In this sense, state DOTs therefore are pursurety company still remain in business for the duration of the
chasing not only labor, equipment, and materials from the con- warranty period and whether the companies will honor the war-
tractor, but also innovation and expertise. ranty bond if a project failure occurs.

Warranty requirements release state DOTs from stringent in- ~ The use of warranties may not always improve overall quality.
spection. Under a performance-based specification, contractordn & low-bid contracting environment, with or without warranties,
are responsible for the design of the construction process as welfthe tendency will be for the contractor to try to cut costs wherever
as the selection of the materials used in the project. Therefore,P0SSible while barely meeting quality requirements. o
there is no need for state agencies to follow standard inspection 1 he warranty approach has raised some concerns regarding bid
procedures on warranted projects. In addition, contractors are re-COMpetition. Although warranty provisions do not cause an ob-
sponsible for the performance of the finished project during the servable change in the number of bidders, some smaller contrac-
warranty period. Early failures caused by a contractor’s bad per-©0rs may already have dropped out of the bidding due to their
formance will be corrected at the contractor’s expense. inability to obtain a warranty bond for the p_rOJec'F. This someyvhat

Another advantage of warranty requirements is that liability is SUPPOIS the concern that smaller companies might get eliminated

transferred from state DOTs to contractors. In standard contract-frorn warr_anty projects since they have more difficulty obtaining
ing, the contractor’s responsibility for the project ceases once theanoI carrying I.ong-term.bonds C‘?”‘P?‘fe‘?' to larger companies.
project is handed over to the state. If early failures occur, state d T?e trr)]Ot%r.‘ftf'.al fI(t)r _an_(ljncrtga_se |r:hllt|gat||0 n can arso be; lepecfd
DOTs would have to make the repairs with public funding. War- ue 1o the diticulty In iden ifying the real reason for a failure.
ranties provide an assurance to state DOTSs that the contractor willproleCt failure could be caused by many factors beyond the con-

) . . . trol of a contractor, such as subsurface conditions, weather, and
correct failures that occur during the warranty period. The risk of . L : .
. L ) - traffic load. Although litigation has not increased in current war-
early failures within the contractor’s control is thus transferred

ranty practice, many state agencies have expressed concern that
from state DOTSs to contractors. this may happen in the future.

Disadvantages of Warranty Provisions o )

Warranty Provisions: Best Value to State Agencies?
Warranty provisions increase the initial bid price, especially for \jany uncertainties are involved in highway construction, includ-
long-term warranty projects, because of the risk of potential li- ing variables such as quality, cost, and time. The warranty ap-
typical 5 to 7 year warranty pavement project, the bid price in- certainties through a warranty agreement at the time the contract
creases by 5 to 15% on average; however, if the warranty term isjs awarded. This is an early decision, before state DOTs have the
less than 3 years, the price increase is barely noticeable. Thegpportunity to observe the performance of the contractor on site.
increase in the initial price varies with the type of warranted The assumption behind this approach is that the Warranty pur-
project. In Ohio, an average increase in the bid price of 90% on chase decision could not be delayed, or at least a delay would not
pavement-marking projects led to a phase-out in the use of war-add value to the project. However, this assumption is not always
ranty provisions on such projects. Although warranty provisions trye. Since the warranty period starts after the project is accepted,
are expected to yield savings in project delivery and maintenancethe warranty buy-in decision could always be delayed till the end
costs, the survey does not support the view that warranties reducef construction. Is this delay of the decision valuable? The answer
life-cycle costs by spreading the initial investment over the entire js definitely yes. Because of the uncertainty involved, delaying
warranty period. Most states do not have sufficient information on this decision until the end of the project makes it possible for the
the change in maintenance costs due to warranty provisions.owner to gather more information that could be used to improve
However, the data obtained from the survey indicate that 8 statesthe decision.
that have used warranty provisions have experienced a slight sav- A warranty does not add value to a well-performed project
ing (under 10% in maintenance costs for warranty projects. The since the project is expected to finish the warranty period without
potential change in maintenance costs after the warranty expiresmajor problems. This situation is shown in Fig(a2 where
is expected to be minimal as compared to nonwarranty projects.project quality is described using a normal distribution. Project
With regard to the project life cycle cost, 6 out of 12 respondents quality, which is affected by construction performance, is uncer-
stated that they expected a little increase due to warranty provi-tain before the start of construction. It might go above the average
sions. Only the state of Wisconsin expects a substantial saving inlevel, called favorable uncertainty, or stay at an average level. In
the project life-cycle cost. Considering that the probability of an these cases the project is expected to perform well during the
early failure is quite low, state DOTs are paying extra money on warranty period. A warranty buy-in decision under this scenario
warranty projects to get contractors to do what they are supposedwill then become a bonus for contractors to do what they are
to do anyway, that is, provide a quality product that meets all supposed to do. On the other hand, construction quality could go
performance requirements. below the average level or even below the acceptable level, which
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Probability B option can be ignored. A put option can be viewed as the opposite
of a call option. A put option gives its owner the right to sell the
stock at a fixed exercise price. Stock prices are notorious for their
volatility. The stock price on the maturity date might be above or
below the exercise price. An option gives its owner an opportu-
nity to exercise it and make a profit if a favorable uncertainty

Probability

Favorable ! Favorable
Uncertainty Uncertainty
Risk

Acceptable Average Quality Average  Warranty Present Value

Level  Level Value  Price  of Failure Cost unfolds. On the maturity date, the value of an option depends on
] o ] the difference between the stock price and the exercise price.
Fig. 2. Uncertainty in warranted project Before an option expires, the value of an option is a function of

five variables: the current price of the stock, the exercise price,
the time to maturity date, the variability of the stock, and the
risk-free rate. The most famous quantitative model, the Black-
Scholes Model, was developed by Fischer Black, Myron Scholes,
and Robert Merton, whose Nobel prize-winning work puts a
value on a call option by duplicating the call over an infinitesimal

would result in a project that will not perform well during the

warranty period. This constitutes a performance risk, which war-
ranty provisions try to eliminate. But under the current warranty
approach, a warranty is bought before the start of construction,
thereby eliminating the contribution of performance to the deci- )
sion. time horizon(Hull 1997).

With regard to cost, the warranty approach is reasonable only ~ Many corporate decisions can be thought of as options on the
if the present value of the failure cost during the warranty period Underlying value of the risky asset. Those options are called real

is higher than the price of the warrarfiiyig. 2(b)]. The warranty optiqns. Likg financial options, the value of rgal o.ptions depends
price in this figure is a little higher than the present value of ©" five variables: the value of the underlying risky asset, the
average failure cost to account for a contractor's profit and a €X€rcise price, the time to expiration of the option, the variation

reduction in the state delivery cost. The failure cost here refers to ©f the value of the underlying risky asset, and the risk-free rate.
maintenance and other related costs when a failure occurs within! "€ Value of underlying risky assets is the stream of cash flow at

the warranty period. User costs could be estimated and factored? discounted value generated from the risky asset. The exercise
into the failure cost. However, the failure cost is not known be- Price is the money invested in getting the risky asset. The funda-

fore the contract is sold. The state DOT estimates the failure costMental insight of the real option theory is to view opportunities as
based on typical projects rather than real information from the options—rights but not obligations to take actions in the future. A

project under construction. The discounted failure cost could fall d€férral option is a call option in most projects where one has the
below the warranty price or even below the average failure cost. right to delay the start of a project. This opportunity to delay the
These situations are favorable for the state DOT and make thelnvestment allows the owner to start the project if it is advanta-
warranty an unnecessary investment. In a bad scenario, thed®0US o doso. _ _ _
present value of the failure cost could be higher than the warranty  When one exercises a deferral option by making an irrevers-
price. In such a situation the warranty provision would benefit the PI€ investment, he or she effectively gives up the possibility of
state DOT and save on potential maintenance costs. However, théVa!ting for new information that might affect the desirability and
warranty approach also eliminates the possibility of a good sce- iming of the investment. The net present value rule assumes a
nario, as discussed earlier. In the conventional warranty approach’oncontingency scenario in which one can start and complete a
the state DOT pays for the warranty in both cases, favorable or Project. No opportunity to delay or abandon the investment is
unfavorable. anticipated if market conditions turn sour. The real option method
Under the conventional warranty approach, the state DOT gets.rnakes a more ugeful comparison. Several possibiljties, such as
protection for early failures, but a potential favorable uncertainty VSt today or wait for one year or longer, are examined to make
is not considered. The state DOT has no flexibility to buy a war- & ight and timely decision. The option value is an opportunity
ranty based on observed performance during construction. Thisc©St that should be included in the capital investment. An option
information is not considered in the buy-in warranty decision. 'S valuable when there is uncertainty. The more uncertain the
Thus, the best value is not achieved. Since the warranty startsUnderlying asset is, the more valuable the optidnigeorgis
after the construction is completed, a possible solution is to delay 1996; Amram and Kulatilaka 1999
the warranty purchase decision until the end of construction. In
this scenario, the contractor is required to provide a price for the \warranty Option: Possible Alternative to Warranty
warranty while bidding a project. The state DOT will then decide Approach
on the need for a warranty after construction is complete and
would buy a warranty only for projects with a high probability of ~Similar to a financial option, a warranty option is a right but not
failure. This method is based on an important analogy to financial an obligation to buy a warranty. It is a contingent decision, an
options, which will be presented in the following section. opportunity to delay the warranty buy-in decision until the state
DOT sees how events unfold. On the expiration date, if events
turn out to be favorable, the state DOT will make one decision—
Financial Options and Real Options give up the warranty option. But if events turn out to be unfavor-
able, the state DOT will buy a warranty protection. This means
An option is a right, but not an obligation, to take an action in the that the payoff to a warranty option is nonlinear—it changes with
future. In financial markets, the most common types of options the decision. Fixednoncontingentdecisions have linear payoffs
are a call option and a put option. A call option gives the owner because no matter what happens, the same decision is made. The
the right to buy a stock at a predetermined exercise price on awarranty option has the potential to benefit state DOTs by provid-
specified maturity date. The option is exercised only when the ing managerial flexibility.
price of the stock on that date exceeds the exercise price. If the Under the option approach, the value of the warranty option is
stock price on the maturity date is below the exercise price, the impounded into the evaluation of the bids, and the warranty pur-
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1 Table 1. Comparison of Conventional Warranty versus Warranty
Bidding Opti
ption
Category Conventional warranty Warranty option
v — Bid price High Low
Construction Flexibility for DOTs Low High
Risk for contractor and surety High Low
Bonding Difficult Possibly easy
Incentive High High
Performance Warranted projects Less More

Review

Exercise Option

Implement Warranty

&
¢

Over

Fig. 3. Workflow of warranty option contracting

chase decision is delayed until the end of construction. Fig. 3
presents the workflow in the warranty option approach. The
project is bid the same way as in a traditional low-bid system, but
contactors are required to submit the price of the warranty with
their bids. The state agency does not need to make the decision on
the purchase of the warranty during the bidding phase. To evalu-
ate the bids under the warranty option approach, the total price of
the warranty should not be included in the bid since the state DOT
might not exercise the option at the end of construction. Only part
of the warranty price, called the value of the warranty option,
should be considered when evaluating the bids. The value of a
warranty option is then deducted from the bid to determine the
lowest bidder. After the project is completed, all information gath-
ered during construction is considered to evaluate performance.
The potential failure cost will be predicted, discounted, and com-
pared to the warranty price to make a decision on exercising the
warranty option. Thus, information on project construction is e
gathered and used to improve the decision process. If the quality
of construction is considered to be good and the warranty price is
higher than expected discounted failure costs, the state DOT will
not exercise the warranty option. But if a high probability of
failure is predicted, the state DOT can exercise the option and
bind the contractor into project maintenance. If contractors are
allowed to provide multiple warranty terms, a derivative warranty
term option is created.

Comparison of Warranty Option versus .
Conventional Warranty

The current warranty approach ignores the value of waiting, and
the decision is made before actual performance during construc-e
tion unfolds. Instead of making a decision beforehand, the war-
ranty option delays the decision until the end of construction,
when more information is available and future performance can
be better predicted. Warranty option contracting is superior to
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conventional warranty contracting from the point of view of bid-
ding, flexibility, risk, bonding, and incentiv@able 1. The option
concept has the potential to provide a great benefit to the con-
struction industry. These benefits are discussed below.

Bidding: As compared to conventional warranty contracting,
the warranty option delays the decision on the purchase of a
warranty until the end of construction. Thus, the initial bid
price will not increase much. Since the price of the warranty is
not included in the evaluation of the bids, contractors will
submit bids that are not too dissimilar to regular nonwarranted
contracts.

Flexibility: Instead of buying a warranty before construction
begins, the warranty option makes it possible to delay that
decision. More information is gathered as the project is con-
structed. The new information could be used to make a much
more accurate prediction of the future performance of the
project. Compared to current warranty practice, the warranty
option allows state DOTs to buy warranties only for those
projects that have a high probability of failure within the war-
ranty period. This managerial flexibility benefits state DOTs
by allowing them to buy the right warranties for the right
projects.

Risk: The warranty option changes risk allocation among
project participants. Under current warranty contracting, con-
tractors and surety companies are exposed to default risk
within the period of the term of the warranty. The risk is not
related to the performance of the project. The warranty option
will lower the risk for a high-quality contractor but increase
the risk for a poor-quality contractor because the state DOT
might give up the option if a well-performed project is ob-
served.

Bonding: A long-term warranty puts surety companies in a
risky situation if contractors default. Surety companies are not
comfortable issuing long-term warranty bonds. Under war-
ranty option contracting, the warranty liability might be
waived if the contractor provides high-quality work. Although
many surety companies evaluate the worst-case scenario when
issuing a warranty bond, the reduced risk involved in warranty
option contracting could make them lower the cost of the war-
ranty. Covering smaller construction films that provide high-
quality work is no more risky than for the same companies in
the conventional warranty environment.

Incentive: The warranty option gives contractors an additional
incentive to produce higher-quality work since the DOTs may
not exercise the purchase of the warranty after the project is
over. After all, many of them have limited bonding capacity.
Warranted projects: The warranty option gives the state DOT a
right to delay the warranty decision until the completion of
construction. Thus, state DOTs would be able to cover more
projects, which would greatly benefit them if they were under
a tight warranty budget.
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Table 2. Key Elements of Warranty Option 2. No structural maintenance funded by the state DOT occurs
during the warranty period; and
3. In a continuous time frame over peripd,T], whereT>0,

the perception of project qualityneasured via the predicted

failure cosj follows a stochastic differential equation:
: ce = Warranty price in. bid dC=pCdt+oCdZ )
Time to expiration = Construction period _ wherep. ando are the mean and standard deviation of percentage
Volatality Construction performance uncertainty  changes in the failure co§, anddz follows a standard Wiener
Risk-free rate = Interest rate of U.S. treasury bond process in the probability space. The Wiener process describes a
particular type of stochastic process where only the present state
of the processthe current quality levelis relevant for predicting
the future. The past history of the process is irrelevant because all
historical behavior has been impounded into the current quality
level. In other words, the current quality state contains all infor-
Since the state DOT has managerial flexibility to exercise or give mation needed to predict future deterioration. This assumption is
up a warranty option, the total warranty price should not be added fairly standard in financéHull 1997) and construction research
up in the evaluation of the bids. On the other hand, the warranty on deterioration modeling-ivneh 1996. This assumption makes
price does affect project cost if the state DOT decides to exerciseit possible to duplicate a warranty option over an infinitesimal
the option. Therefore, a model is needed for calculating the valuetime period.
of the warranty option so as to include it in the bids. This paper Modeling project quality in this fashion allows the use of stan-
presents a quantitative model for calculating the value of the war- dard option-pricing models. With the assumptions discussed
ranty option. above, the warranty option could be evaluated by the classic

The value of managerial flexibility is believed greatest when Black-Scholes equatiofHull 1997)

(2) high volatility is expected in the futur€2) there is more room

Underlying asset = Warranty

Value of underlying asset = Expected failure cost within warranty
period (present valug

Exercise price

Evaluation of Warranty Option

for flexibility; and (3) net present valuéNPV) is near zergCo- WOo=CoN(dy) —Pe "N(d) ®)
peland and Antikarov 2001As discussed earlier, the warranty where

option, like a stock option, has five key components: value of

underlying asset, exercise price, time to expiration, volatility, and d;=[In(Co/P)+ (r+1/202)t])/ o2t 4)
risk-free rate. The explanations of these components with respect

to the warranty option are listed in Table 2. The value of the dp=d;— Vot (®)
underlying asset is defined as the present value of the expected

failure cost during the warranty period. The warranty price in the N(d)= jd ie_xz,zdx (6)
bid is the exercise price when the state DOT decides to buy the —en2T

warranty. The failure cost varies according to the contractor’s ) o )
performance on the site and the materials used during construc- 1h€ equations indicate that the value of the warranty option at
tion. If the contractor uses good-quality material on the project the time OT biddingW G, is determined by five parameters listed
and is generally quality conscious, the project will likely last N Table 2:Co=engineer-estimated present value of failure cost
longer without a failure. Therefore, future maintenance on the Within warranty period at time Qtime of b'qd'n_g'_ P=exercise
project will be less expensive. This suggests that the present valud®ficé of warranty option predetermined in bid;=annualized

of the failure cost within the warranty peridthe value of the ~ compounded standard deviation of percentage changes in present
underlying assetwill be less. At the end of construction, the Value of failure cost within warranty periodC); r=risk-free
warranty option is valued as the difference between the presentintérest rate based on treasury bond or treasury bill with same
value of the failure cost within the warranty period and the listed ime period as construction period; ahdtime to expiration or
price of the warranty in the bid. The payoff of the warranty option Whole construction period. In additiol(d) =probability that a

at the expiration date is then standardized, normally distributed, random variable will be less
than or equal tal.
WO;=MAX (Ct—P,0) 1)

The model can be divided into two parts. The first calculates
where T=time of end of constructiony\vO;=value of warranty the expected benefit from acquiring the warranty option, and the
option at timeT; Cy=estimated present value of failure cost at

second gives the present value of paying the exercise price on the
time T based on information on construction performance; and

expiration day. The value of the warranty option is then calculated
P=warranty exercise price in bid. If the present value of the

failure cost were greater than the warranty exercise price in the
bid, the state DOT would buy the warranty at the predetermined
price P. The added value of the warranty option at that time
would beC+—P. If the present value of the expected failure cost
were less than the warranty exercise price, the warranty option
would be worthless; the state DOT would have no reason to buy
a warranty at such a price. With the value of the warranty option
known at the time of completion of the proje@r time T), the
following assumptions are needed for calculating the value of the
warranty option at the time of biddingime 0.
1. The risk-free interest rate is known and constant throughout
the construction period;

by taking the difference between these two périsll 1997). The
volatility of the failure costo is an unobservable variable that
could be very challenging to estimate. However, the state DOTs
could estimate this variable from historical data.

Warranty Option Approach: Hypothetical Case

By calculating and using the value of the warranty option at the
time of bidding, state DOTs can evaluate bids with different war-
ranty exercise prices. The following example illustrates how the
warranty option for a hypothetical pavement project can be incor-
porated in bid evaluations during the bidding stage.

JOURNAL OF MANAGEMENT IN ENGINEERING © ASCE / JULY 2004 / 123

J. Manage. Eng. 2004.20:118-125.



Downloaded from ascelibrary.org by New Y ork University on 05/18/15. Copyright ASCE. For personal use only; al rights reserved.

Table 3. Bid Evaluation in Warranty Option Contracting: Example
(in Millions of Dollars)

Contractor A B C D
Construction contract$) 94 95 98 97
Warranty price($) NA 8 7 5
d, [Eq. (4)] NA 1.58 291 6.28
d, [Eq. (5)] NA 1.48 2.81 6.81
Value of warranty optior($) NA 1.30 2.24 4.17
Bid value ($) 94 93.70 95.76 92.83
Best value

Note: Assumption: (1) Engineer's estimate of warranty price
=$9,000,0002) risk-free interest rate 3.5%; (3) standard deviation of
performance 10%; and(4) construction periog 1 year.

Evaluation of bid of contractor B is
9,000,00
In

—3+(3.5%+ 1/2- 10%2)-1}/ V109%7?- 1

%=1\ 560,00

=(0.1178+0.04/0.1=1.578 d,=d;—o?’t=1.478
WOOZ C()N(dl) - PeinN(dz)

=($9,000,0000.9427 — ($8,000,000e~%95.0.9304

=%$1,297,146
Bid value of contractor B
=(Construction contragt- (Value of warranty option

=($95,000,006-$1,297,146=$93,702,854

Assume that a state DOT plans to build a new asphalt pave-

3.5%, the value of the warranty option can be calculated using the
above evaluation equations.

The value of the warranty option is considered a credit for bid
evaluations, which means the warranty option is a deductible item
in the bids. Although contractor B submitted the lowest bid for
construction, the warranty option gives him or her only $1.3 mil-
lion credit. Contractor D quoted a much lower warranty exercise
price that generated a $4.2 million bid value. The final corrected
bids for contractors B, C, and D are $93.7 million, $95.8 million,
and $92.8 million, respectively. Therefore contractor D is the suc-
cessful bidder, giving the state the best value for the project.

Conclusions

The warranty option concept suggests a new development in con-
struction research. The warranty option, as a derivative of the
conventional warranty approach, is a better concept in that it
gives state DOTs managerial flexibility. While maintaining the
lowest-bidder approach to contracting, it delays the decision on
buying the warranty until the end of construction when more
information is available on the quality of the end product, and the
need for a warranty to cover future maintenance can be better
assessed. A decision is made on exercising the warranty option
only after comparing the cost of possible future maintenance to
the cost of purchasing the warranty. The costs of future failures
can then be assessed from information gathered during the con-
struction of the project rather than using average values from past
projects.
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