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A Value Concept for Pavement Construction 

Pay Adjustment Schedules 

ROBERT P. ELLIOTT 

ABSTRACT 

A value concept is presented that can serve as a basis for developing rational 
payment schedules for pavement construction. Provisions are made for incor
porating both the average and standard deviation of material test results into 
a pay determination scheme that is based on the relative pavement life effects. 
the concept is based on the recognition that at the time a pavement is con
sidered to have failed, only a small percentage of the surface actually exhibits 
severe distress. As a result, the life of the pavement is controlled not by the 
average or fiftieth percentile of the material, but by a lower percentile 
representative of the actual surface distress. 

In an effort to develop asphalt construction pay 
adjustment schedules on a rational basis that would 
be fair to both the contractor and the highway 
agency, a research study was undertaken at the Uni
versity of Illinois for the Illinois Department of 
Transportation <.!.>·The study consisted of laboratory 
testing, analysis of construction quality control 
data from previous construction projects, and the 
development of a rational basis for establishing 
payment schedules. This paper contains a discussion 
on the portion of the study that was undertaken to 
develop a general concept for the development of pay 
adjustment schedules for pavement construction. 

The result was the development of the "value con
cept." The major emphasis in developing the value 
concept was to identify a method for incorporating 
both the average and the variability of quality con
trol test results into the pay determination in a 
manner that reflects their impact on pavement per
formance. As developed, the basic concept can be 
applied to any type of pavement construction if the 
appropriate pavement life-material property rela
tionships are developed. 

NEED FOR A VALUE CONCEPT 

A recent survey conducted for the Oregon Department 
of Transportation contained the finding that, of the 
47 highway agencies responding, 43 accepted "out-of
specification" construction in some situations, and 
39 of these had formal methods or schedules for 
establishing pay adjustments for the work <I>. 

Nevertheless, there is no method for establishing 
these schedules that is generally accepted by all or 
even a significant number of agencies. Further, there 
appears to be a general consensus that the currently 
used schedules are not fully rational or fair. In 
the Oregon survey, for example, only 12 of the 39 
agencies with pay adjustment schedules indicated a 
belief that their pay adjustments were equivalent to 
the value of the reduced pavement serviceabilityi 
and the majority of these stated that their belief 
was based solely on engineering judgment. Similarly, 
the following statement was made in an NCHRP Synthe
sis "All of the present systems for determining the 
amount of reduction in pr ice are arbitrary to some 
extent" (.2_). 

The lack of a rational basis for the pay adjust
ment schedules currently in use is also evidenced by 
the fact that most schedules consider only the mean 
or average value of the material properties in ques
tion. Of the 68 different pay reduction schedules 
summarized in Reference 3, 43 of the schedules based 
payment on only the average of test values with no 
consideration given to the range or any other measure 
of the overall material variability. Obviously, a 
construction feature can be acceptable "on the aver
age" while still being unacceptable because of ex
treme variability (e.g., an acceptable average con
crete compressive strength resulting from low 
strengths that are compensated for by high 
strengths). 

Some of the earliest work in developing payment 
schedules and quality assurance specifications was 
conducted by the Commonwealth of Pennsylvania in 
conjunction with the FHWA (4). This work established 
payment schedules and sampling procedures based on 
statistical approaches commonly used in industrial 
applications. These approaches typically establish 
limits of acceptability and cateqorize a product as 
either "acceptable" or "unacceptable". The payment 
schedule using this approach is based on the per
centage of the completed work that is within the 
limits of acceptability (percent within limits). 
Although this incorporates a consideration of mate
rial variability, the developed payment schedules do 
not consider and, consequently, do not necessarily 
reflect, the relative effect of the deviations from 
the target properties on the service life or value 
of the completed facility. 

VALUE CONCEPT DEVELOPMENT 

The value concept was based on the recognition that 
the overall performance of a pavement is a function, 
not of just the average value of a material property, 
but of the entire distribution of the property. This 
concept provides a framework within which laboratory 
testing data, theoretical and empirical pavement 
life relationships, and field construction variabil
ity data can be combined in developing payment sched
ules. 

The value concept establishes the worth of any 
construction as a function of its effect on the ser-
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vice life of the pavement. In this respect, pavement 
service life is identified as that period (or number 
of load applications) from completion of construc
tion until the condition of the pavement surface is 
considered to be unacceptable and rehabilitation or 
resurfacing is needed. The value concept was devel
oped with the recognition that at the time, the en
tire pavement surface had not failed. In fact, only 
a small percentage of the surface area can be cate
gorized as "failed". However, it is important to 
note that the amount failed is enough to give the 
rider a feeling that the entire pavement is bad and 
that something must be done to improve its charac
ter is tics. 

The value concept can be explained in a general 
fashion by considering Figure 1. Figure l(a) shows a 
general relationship between material properties and 
material service life such as might be established 
by laboratory fatigue testing and mechanistic model
ing. For explaining the concept development, this 
relationship is illustrated as being linear and the 
general concept was developed accordingly. However, 
more complex relationships could be incorporated if 
warranted by data and future analysis considerations. 
The material property referred to on the horizontal 
axis may be any appropriate property such as asphalt 
content, density, or gradation. The expected life 
may be in terms of time, number of load applications, 
or any other appropriate measure. 

Figure l(b) represents the distribution and vari
ability of material from a pavement construction 
project. At this point, it should be noted that the 
distribution of material properties is depicted as 
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FIGURE I The value concept. 
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being normally distributed. As developed, this 
distribution is assumed to be a reasonable repre
sentation for highway materials. Data reported in 
the literature show this assumption to be reasonable. 
Kennedy, Hudson, and McCullough reported in a study 
of material variability that the distribution of 
various properties of asphalt concrete and portland 
cement concrete are approximately normal (~). Darter 
and Hudson reported that the distribution of the 
properties of several other materials also conform 
closely to the normal distribution (6). Nevertheless, 
if some other distribution was found to better rep
resent some material property, the general concept 
could be reworked to incorporate that distribution. 

Based on the normal distribution, the development 
of failures in the material depicted can be repre
sented by a curve such as is shown in Figure 1 (c). 
Such a curve can be developed by using the relation
ship represented by Figure l(a) with the variability 
and distribution of material property shown as Fig
ure l(b). From Figure l(c), it is apparent that al
though the pavement is usually considered to have a 
single service life, there is no "one" service life 
for the material in the pavement. Instead, there is 
a continuous distribution of lives depending on the 
amount of pavement failed which, in turn, depends on 
the range and variability of the material properties. 
It is this distribution of lives that contributes 
to, and controls the life of, the pavement and that 
must be evaluated to establish a value relationship. 

In this respect and considering the development 
of failures in a pavement surface such as is repre
sented in Figure 1 (c), the pavement service life is 
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that period (or number of load applications) that 
lasts until the percentage of failed area [ repre
sented as "a" on Figure 1 (c) I becomes unacceptable. 
Considering this in relation to Figure l(d), it can 
be seen that the mix property level that controls 
pavement life is not the average or fiftieth-per
centile level, but rather some lower percentile that 
is consistent with the percent of the surface area 
actually failed in an unacceptable pavement. For 
purposes of this report, this level will be referred 
to as the "controlling property level." 

Although the a's in Figures l(c) and l(d) are not 
the same, they are related: and, if it is assumed 
that all of the failures are of the same type and 
related to the same material property, the two a 's 
will have the same numerical value. Although this is 
an admitted simplification of reality, it is deemed 
to be an acceptable simplification for purposes of 
developing the general value concept. 

Assuming the variation in the mix property is to 
be normally distributed, the controlling property 
level can be identified as shown in Figure 1 (d) as 
some number, z, of standard deviations, Sb, away 
from the mean. The number of standard deviations is 
a function of the failed area percentage, a. In 
developing the value concept, this percentage was 
left undefined with the number of standard devia
tions represented by z. 

To establish a base condition for the value con
cept, the distribution depicted in Figure l(d) is 
considered to represent the variability from a "good" 
or "acceptable" project having some acceptable degree 
of variability (standard deviation = Sb) and with a 
mean property level denoted as Pb, From the preceding 
discussion, the material property level that will 
control the performance (or life) of this project is 
a value that is z standard deviations away from the 
mean. The controlling property level is then 

Cb = Pb - Z x Sb (1) 

By using this property level with the relationship 
represented by Figure l(a), a relative value for 
other controlling property levels (from projects 
having different means and standard deviations) can 
be established based on the ratio of life expec
tancies. This requires the establishment of some 
relationship between "value" and the life expectancy 
ratio. Weed has suggested a relationship based on 
future rehabilitation costs (7). Others have sug
gested using the life expectancy ratio directly. 
That is, if Nb represents the life expectancy at the 
acceptable project controlling ptoperty level, Cb, 
and Na is the expectancy at any other controlling 
property level, Ca, then the relative value, v, of 
Ca expressed as a percentage is 

V = Na/Nb x 100 (2) 

For simplicity in developing the value concept, this 
approach was adopted. However, a more complex rela
tionship could be incorporated into the concept if 
desired. The value relationship based on the life 
expectancy ratio is represented in Figute l(e) as a 
modified plot of Figure l(a). 

To illustrate application of the value concept, 
Figure 1 (f) is presented. The solid plot on Figure 
1 (f) represents the distribution of material from 
some project for which a value, V, is to be estab-
1 ished. Because the value concept is primarily of 
interest for construction lots that exhibit vari
ability and deviations from specification targets 
that are greater than acceptable, both the mean, Pa, 
and the standard deviation, Sa, of the material are 
depicted as being greater than those of the accept
able mix. For clarity, the disttibution of this 
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matet ial is shown super imposed over the acceptable 
project distribution that is represented by the 
dashed plot. This acceptable distribution is the 
same as that represented in Figure 1 (d). As was 
established for the acceptable material, the con
trolling property level, ca, for this distribution 
can be defined in terms of its mean, Pa, and stan
dard deviation, Sa, as follows: 

Ca Pa - z x Sa (3) 

From Figure 1 (e), the value relationship can be 
expressed as 

v = 100 - av x (Cb - ca) (4) 

where av is the slope of the value relationship. 
Equation 4 serves as the basic value concept and 
provides a ftamework for establishing the value of 
any pavement construction. 

It may be noted that when the actual propetty 
level, Ca, is better than the acceptable level, Cb, 
the value determined from the equation will exceed 
100 percent. As a result, the value concept can be 
used for establishing bonus pay for exceptional work 
as well as penalties for inferior work. 

CONCLUSION 

The value concept presented in this papet provides a 
basis for developing realistic pay schedules for 
pavement construction that consider both the average 
and the variability (standard deviation) of the con
struction. The concept is based on the fact that 
when a pavement becomes "unacceptable," only a small 
percentage of the pavement is truly failed. con
sequently, the life of the pavement is controlled 
not by the average value of the material properties, 
but by some lower percentile consistent with the 
percentage of failed pavement surface. The value 
concept provides a way to develop pay schedules based 
on this lower percentile and pavement life relation
ships. 

The concept, as presented up to this point, is 
not complete. It considers, for example, a material 
propetty-life relationship that decreases in only 
one direction, and is based on population parameters 
without taking into account the fact that these 
parameters will be unknown and must be estimated 
from the results of a small number of tests. In ad
dition, the concept gives no clue as to how an ac
ceptable distribution can be identified, nor how the 
ptoperty-life relationship can be established. 

Nevertheless, the concept, as presented, can be 
used to establish realistic pay schedules for pave
ment construction. A ptactical approach for applying 
the concept to small samples and without fully de
fining the acceptable distribution has been demon
strated <!&l. (This demonstration involved labota
tory testing, analysis of field quality control data, 
and the application of theoretical pavement behavior 
models.) 

The labotatory testing was used to identify the 
effects of variations in contractor-controlled mate
rial properties on the material's structutal charac
teristics. These effects were evaluated using theo
retical pavement models to establish relationships 
between material variability and relative pavement 
life. Field quality control data were used to select 
a range of normal variability based on actual con
tractor performance, Penalty and bonus pay schedules 
were then developed for construction variability 
that is "poorer" and "better" than this "normal" 
tange based on the variability-life relationships, 

In this way, the value concept provides a means 
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for combining real-world construction variability 
with laboratory and theoretical pavement life rela
tionships for use in establishing useable and fair 
payment schedules. 

ACKNOWLEDGMENTS 

This paper is based on the results of Project IHR-
411, Quality Assurance Specifications. IHR-411 was 
sponsored by the Illinois Department of Transporta
tion and conducted as a cooperative study between 
the Department and the University of Illinois. 

REFERENCES 

1 . R.P. Elliott and M. Herrin. Asphalt Q.A. Speci
fications--Influence of Significant Material 
Factors and Development of a Rational Payment 
Schedule. Illinois Cooperative Highway Research 
Program Series 203. University of Illinois, 
Urbana, 1983. 

2 . R.M. Moore. Evaluation of Questionnaire on Pay 
Adjustment Factors for Asphalt Concrete Mix
tures. Oregon Institute of Technology, Oregon 
Department of Transportation, Salem, 1980. 

3. F.J. Bowery, Jr. and S.B. Hudson. Statistically 
Oriented End-Result Specifications. NCHRP Syn
thesis of Highway Practice 38. TRB, National 
Research Council, Washington, D.C., 1976, 40 pp. 

4. J.H. Willenbrock. A Manual for Statistical Qual
ity Control of Highway Construction. FHWA, U.S. 
Department of Transportation, 1976. 

Transportation Research Record 1040 

5. T.W. Kennedy, W.R. Hudson, and B.F. McCullough. 
State-of-the-Art in Variability of Material 
Properties for Airport Pavement Systems. Report 
FAA-RD-75-209. Federal Aviation .Administration, 
U.S. Department of Transportation, 1975. 

6. M.I. Darter and W.R. Hudson. Probabilistic De
sign Concepts Applied to Flexible Pavement Sys
tem Design. Research Report 123-18. Center for 
Highway Research, The University of Texas at 
Austin, 1973. 

7. R.M. Weed. Method to Establish Pay Schedules for 
Rigid Pavement. Transportation Research Record 
885, TRB, National Research Council, Washington, 
D. C., 1983, p. 18. 

B. R.P. Elliott. Value Concept for Developing Con
struction Pay Schedules with Application to As
phalt Paving. Ph.D. thesis. Department of Civil 
Engineering, University of Illinois, Urbana, 
1984. 

The contents of this paper reflect the views of the 
author who is responsible for the facts and the ac
curacy of the data presented. The contents do not 
necessarily reflect the official views or policies 
of the Illinois Department of Transportation. This 
paper does not constitute a standard, specification, 
or regulation. 

Publication of this paper sponsored by Conunittee on 
Quality Assurance and Acceptance Procedures. 




