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Development of Rational Pay Adjustment 
Factors for Asphalt Concrete 

PRACHUAB PUANGCHIT, R. G. HICKS, JAMES E. WILSON, AND C. A. BELL 

The effect of variations in asphalt concrete mix properties on pavement perfor
mance life is a crucial factor in highway pavement construction. In this study, 
data from laboratory-prepared samples from the North Oakland-Sutherlin, 
Casde Rock-Cedar Creek, and Warran-Scappoose projects were analyzed by 
using the Statistical Interactive Programming System. Regression analysis tech
niques were used to develop predictive models of pavement performance life 
based on each of the mix characteristics. The asphalt concrete mixtura prop
erties evaluated in this study were percentage of air vpids, asphalt content, grada
tion, and aggregate type used . Percentage of air voids or mix densi1y is found to 
be the most dominant factor and most highly significant in controlling both fa
tigue cracking and rutting failure. The mix that had low void content showed 
remarkably long fatigue life and high performance deformation resistance. The 
best performance life was obtained when the asphalt content and the amount of 
fines were at an optimum level. Deviation from optimum content in either of 
these properties causes a reduction in pavement life. The amount of voids and 
the optimum asphalt content appeared to be a function of the aggregate type 
used. The analysis indicates that, for the mix deviations considered, fatigue 
cracking is more critical to reduction in life than rutting. Therefore, the pay 
adjustment factors were developed based on fatigue performance life as op
posed to a proposed standard pavement life. Summary tables of recommended 
pay atljuslmunt factors as well as comparisons with others currently used are 
also included. 

one of cne major difficulties in asphalt concrete 
pavement construction is the control of materials 
and the sut>sequent payment to contractors. Quite 
often material quality does not meet specification 
requirements. The effect of this noncompliance on 
pavement serviceability is not fully established; 
however, it frequently results in r.educed payments 
to contractors, which in turn causes controversy 
between the client and the contractor. 

Some agencies reject construction and materials 
that do not meet specifications and do not pay the 
contractor. A majority of agencies, however, accept 
percentages of compaction, asphalt content, asphalt 
properties, and mix gradation that are outside of 
the specification tolerance limits, but apply a pay 
adjuscment factor that penalizes the contractor by 
reducing his compensation C!.l. The pay adjustment 
factor relies heavily on the experience and judgment 
of project engineers. Therefore, there is a wide 
disparity in the pay adjustment factor11 currently 
used. 

several approaches have t>een used to establish 
pay factors for each material, but they have not al
ways been based on sound engineering principles. 
Thus, pay adiustment factors are not always a reli
able measure of reduced serviceability and the agen
cies do not have a uniform procedure for accepting 
or rejecting noncompliance work. For these reasons, 
contractors object to the use of pay adjustment sys
tems. This leads to administrative and legal prot>
lems that cause the agencies to lose considerable 
time and money every year. 

Past practices indicate that the extent to which 
tne quality of work should be accepted or rejected 
is inconclusive. In addition, the properties that 
can be lower th<in the standard and the amount com
pensation should be reduced for substandard quality 
are not well defined. 

PURPOSE 

The purpose of this paper is to 
procedure for establishing pay 
for asphalt concrete mixtures by 

develop a rational 
adjustment factors 
finding a relation 

between asphalt concrete quality and pavement ser
viceability that would indicate whether the work 
should be accepted or rejected and now much compen
sation should be paid. The specific objectives are 
as follows: 

1. To determine the most important factors that 
affect the properties of asphalt concrete mixtures, 

2. To evaluate the effect of variations in these 
factors on pavement life for projects in Oregon, 

3. To develop pay adjustment factors cons is cent 
with the latest engineering principles, and 

4. To compare these values with those cue rently 
used by other agencies in the Pacific Northwest. 

LABORATORY TESTS 

This section presents the results of a search of the 
literature on asphalt concrete mix performance char
acteristics. In addition the results of an Oregon 
Department of Transportation (DOT) study of three 
projects--North Oakland-Sutherlin, castle Rock-Cedar 
Creek, and warren-Scappoose--which were analyzed by 
regression analysis techniques, are discussed. The 
effect of each mix property on pavement performance 
is studied to provide netter understanding for de
veloping pay adjustment factors. 

The expected serviceability or performance of the 
finished product is of great concern in all pavement 
construction. The serviceability of asphalt pave
ments is a function of factors such as expected 
loads, mixture, and environmental variables. Fail
ure of aspnalt concrete pavement is the result of 
(a) rutting or washboarding caused by stability 
problems, (b) progressive cracking caused by fatigue 
p.roblems, and (c) fracture caused by strength fail
u.re. Fatigue cracking is probably the most destruc
tive mode of distress and, therefore, of most con
cern to highway engineers and researchers (2) • 

Fatigue is the phenomenon of cracking -due to a 
repeated stress or strain level with a maximum value 
less than the tensile strength of the material !llhen 
subjected to a single load application (_1) • The 
fatigue life of asphalt concrete is governed by many 
factors: loading, base and subbase support, cli
matic and environmental factors, and asphalt con
crete mixture variables. Of these facto.rs, the 
asphalt mix plays an important role in the ultimate 
life of asphalt pavements. Asphalt content, aggre
gate gradation and type, air void content (density), 
and asphalt viscosity are all mix variables that 
have been shown to be related to fatigue resis
tance. Many of these variables are interrelated so 
that a change in one is comparable to a change in 
another. 

Typical Fatigue ~cediction Models 

The fatigue response of asphalt paving mixtures 
throughout the world has been investigated for a 
number of years (4-9). Studies (4-7) have indicated 
that tnere is a -relation between the fatigue per
formance of asphalt mixes and initial tensile strain 
that could be considered linear when plotted on a 
logarithmic basis. This relation can be expressed 
as follows: 
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where 

number of load repetitions to failure, 
horizontal elastic tensile strain, and 
regression constants. 

(!) 

Factors K and C depend on the composition and prop
erties of the mix and are also affected by the test
ing method and temperature (~) • The mix variables 
that affect fatigue life ace type and gradation of 
aggregate, filler, binder type, viscosity and con
tent, degree of mix compaction, and resulting air 
void content. Pell (4) stated that the most impor
tant variables are binder content and void content. 

The results of research (4,5,9) indicate that 
mixes that have a high void content exhibit compara
tively short fatigue lives. Increasing the asphalt 
content of a mix results in increases in fatigue 
life up to an optimum (_~) • Further increases of 
asphalt content result in a decrease in fatigue 
life. Other mix variables, such as aggregate type 
and gradation, also affect mix performance. The 
Oregon DOT undertook this study to evaluate the 
effect of mix variations on pavement life. 

Results of Oregon DOT Study 

The Oregon DOT and Oregon State university (OSU) 
initiated a laboratory study to establish the rela
tion between asphalt concrete pavement performance 
and level of compaction, asphalt content, percentage 
passing the No. 200 sieve, and aggregate quality. 
Laboratory samples of asphalt concrete mix from the 
North Oakland-Sutherlin, Castle Rock-Cedar Creek, 
and warren-Scappoose projects were prepared and 
tested at the Oregon State University laboratory 
(10-12). 

Fatigue cracking and rutting were the main types 
of pavement failure considered during the test pro
gram. Conventional tests and improved dynamic tests 
were performed to determine stiffness, fatigue life, 
and permanent deformation characteristics for the 
mix. The percentage of reduction in pavement life, 
based on fatigue and/or permanent deformation char
acteristics from the standard mix, was used as a 
criterion in developing pay adjustment factors. 

The results of all projects indicated that the 
level of compaction was tne controlling factor for 
all dynamic properties of the mix. Increasing the 
mix density increased the fatigue life and resis
tance to permanent deformation. The effects of 
changes in asphalt content and gradation were not 
always so clear and varied from project to project. 
Some of these effects are discussed later in this 
paper. 

Statistical Computer Analysis of Data 

All samples were tested in the diametral mode at 
initial strain levels of 50, 100, and 125 micro
strain, The number of repetitions to failure was 
recorded for both fatigue cracking and rutting and 
used in statistical regression analyses (_!i) to de
velop predictive models of pavement p2rformance. 

Regression analysis was performed for each proj
ect and for all projects together at each micro
strain level. Mix properties such as gradation, 
percentage of voids, asphalt content, and aggregate 
type ace considered in the development of a pavement 
performance model by means of regression analysis 
techniques, Search procedures used to find the best 
set of mix variables are forward selection, backward 
elimination, and t-directed search of the Statisti
cal Interactive Programming System at Oregon State 
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University. The best possible sets of all mix prop
erties at each level of microstrain are given by 
Puangchit and others (13). 

Effect of Mix Properties on Fatigue Life 

The effect of each mix property on fatigue life was 
determined separately by scatter of data versus num
ber of repetitions to obtain the trend of the rela
tion. Then the regression equation of fatigue life 
as a function of each property was set at levels of 
50, 100, and 125 microstrain, The effect of each 
mix characteristic on fatigue life is discussed 
below. 

Density 

Density (or percentage of air voids) is the most 
dominant factor for all mix properties. Fatigue 
life is primarily affected by the level of compac
tion; increasing the density or decreasing the per
centage of voids increases the fatigue life of the 
pavement. In mix design, when considering other 
variables, tne void content should generally be min
imized ; i.e., binder content, aggregate gradation, 
density, and the use of fillers are selected to ob
tain the smallest void space possible so that bleed
ing will not occur. 

The results of regression analysis for the effect 
of percentage of voids on fatigue life for one proj
ect and all projects combined ace shown in Figure 
1. The results of the analysis indicate that the 
amount of air voids controls the number of repeti
tions to failure of asphalt concrete pavements. 
Small increases in air voids content cause substan
tial decreases in fatigue life, The decrease in 
fatigue life is also affected by the traffic load 
level and aggregate type when all other factors are 
fixed. At the low level of microstcain or a heavy
traffic-load level, fatigue life decreases sharply 
with increasing voids content of the mix. 

Asphalt Content 

Binder content is one of tne critical factors that 
regulate all mix properties. Not only is the binder 
the most expensive constituent of the mix but it 
also directly controls the stiffness (or flexibil
ity) of the aspnaltic concrete. As the binder con
tent in the mix fluctuates, the amount of void space 
filled by the binder in the aggregate gradation is 
also altered. This modification in void space 
filled affects aggregate interparticle friction, 
which in turn affects the stability, durability, 
strength, and fatigue of the mix. 

The effects of asphalt content on fatigue life 
foe one project and all projects combined are shown 
in Figure 2. As asphalt content increases, fatigue 
1 ife increases to the point where the optimum as
phalt content corresponds to the maximum fatigue 
life obtainable. This is -caused by the binder fill
ing the aggregate void space. As the voids become 
filled, the binder cements aggregate particles to
gether, which causes an increase in the strength of 
bonding. As the voids become overfilled, the aggre
gate friction decreases and the binder takes more of 
the load. In tnis situation, the stiffness de
creases as more and more binder is added. 

Table l gives the optimum asphalt content related 
to fatigue life at each traffic load or strain 
level. These aspnalt percentages are an optimum for 
the particular aggregate type, binder type, grada
tion of aggregate used, and level of traffic load. 
Changes in fatigue life caused by changes in asphalt 
content are greater at the low strain level (heavy 
traffic load). A comparison of the two projects 
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Figure 1. Effect of percent· 
age voids on fatigue life at 
three microstrain levels. 

Figure 2. Effect of asphalt 
content on fatigue life at 
three microstrain levels. 
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Table 1. Relation between optimum asphalt content and fatigue life. 

Level of Optimum Max Fatigue 
Design Microstrain8 Asphalt Life (cycles 

Project Percentage (µ€) Content(%) to failure) 

North Oakland- 6 50 6.36 4.23x 105 

Sutherlin JOO 6.20 3.95x I 04 

125 G.39 l.6lxl04 

Castle Rock- 6 50 6.41 9.23xl04 

Cedar Creek JOO 6.41 2.38xl04 

125 6.41 l.32x 104 

Warren-Scappoose 5.5 50 6.71 9.53xl04 

JOO 6.70 l.30x 104 

125 6.01 6.627xl0 3 

All 50 6.58 J.79x105 

100 6.60 2.l 9x104 

125 7.21 1.2 Jx I 04 

astrain levds ar~ assochtkd with types of highway facilHi es as foJlows: SO= Interstate 
type, J 00 = primary type, and 125 ==low-volume road. 

shows that a change in fatigue is affected somewhat 
by aggregate type. Figure 2 shows these effects. 

Aggreg11te Gradalion 

The gradation of an aggregate also determines the 
amount of void space available to be filled with as
phalt binder. The degree to which the voids are 
filled with binder greatly influences the stiffness 
and fatigue life of a mix. In the same regard, the 
amount of void space provided by the aggregate also 

controls the stiffness and fatigue life. Figure 3 
verifies that fatigue is related to the percentage 
passing the No. 200 sieve at each microstrain level; 
the amount of this material that is present in
creases fatigue life until an optimum is reached. 

For the warren-Scappoose project (Figure 3a) at 
100 microstrain, an increasing amount of fines in
creases the life of the pavement; 111<1ximum fatigue 
life is approached at about 10 percent fines. In 
general, for all three proiects together, the opti
mum amount of material passing the No. 200 sieve 
required to obtain maximum fatigue life at 100 
microstrain is 9 percent, as shown in Figure 3b. 
However, the optimum percentage of fines is consid
erably lower in the case of permanent deformation, 
as will be discussed later. 

Aggregate Type 

In an asphalt concrete mix, the aggregate provides 
tne primary load-carrying mechanism and thus is ex
pected to have some effect on fatigue life. Shape, 
surface texture, durability, and chemical properties 
are of interest in investigating aggregate types. 
Probably the most important is durability. In 
Oregon, pavement performance has been drastically 
reduced t:>y aggregate breakdown. The effect of ag
gregate type on fatigue life for each project and 
all projects combined is shown in Figure 4. The 
regression equations used for the effect of aggre
gate type on fatigue are given below for all three 
projects together. Equation 2 represents the model 
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Figure 3. Effect of percentage passing the No. 200 sieve on fatigue life at three microstrain levels. 
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Figure 4 . Effect of aggregate type on fatigue performance of asphalt concrete mixtures. 
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in which the effect of aggregate type is not consid
ered and Equation 3 the model in which it is con
sidered: 

log NF= 4.6875 -0.05103 (VOIDS) R2 = 0.3300 (2) 

log NF= 4.5732 - 0.0744 (VOIDS)+ 0.5325 (AG.Tl) 

+ 0.4585 (AG .T2) R2 = 0.8266 (3) 

wnere 

NF = number of repetitions to failure, 
AG.Tl 1 for marginal quality aggregate and 0 

for good quality aggregate, and 
AG.T2 l for crusned stone and O for crushed 

gravel. 

The following mix compositions were used in the 
projects: 

11 13 15 

Project 
North Oakland-Sutherlin 

Castle Rock-Cedar Creek 

warren-Scappoose 

Mix Compos ition 
Crushed stone with good and 

marginal-quality aggre
gate 

Crushed stone with good
quality aggregate 

Crushed gravel with good
quality aggregate 

Equation 2 shows that the effects of aggregate 
type are statistically significant and also indi
cates the influence of aggregate type on fatigue 
1 ife (i.e. , mixes composed of crushed stone have 
better fatigue resistance than those composed of 
crushed gravel). 

RECOMMENDED PAY ADJUSTMENT FACTORS 

To isolate the most er i ti cal pavement performance 
conditions for use in developing pay adjustment fac-
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tors, the estimated fatigue and permanent de forma
t ion performance of the mix are compared for each 
mix variable. Pay adjustment factors are developed 
based on the fatigue distress mode, as explained 
below. The pay adjustment factors developed in the 
study are summarized and compared with existing 
local pay factor~. 

Approaches 

The predictive models were evaluated at three levels 
of tensile strain. The models corresponding to 100 
microstrain were considered the most representative 
of general traffic-load conditions in Oregon. The 
model of 50 microstrain represents a thick pavement 
carrying heavy traffic loads, whereas the models of 
125 microstrain represent light traffic loads or 
private roads. Therefore, the predictive models of 
100 microstrain were used to determine pavement life 
in this study. The effects on pavement performance 
of variations in percentage of voids, asphalt con
tent, and percentage passing the No. 200 sieve were 
evaluated for both fatigue and permanent deformation 
criteria. The predictive models of fatigue and per
manent deformation life were obtained and evaluated. 
The results are given below. 

Pavement performance life as a function of air 
voids for Doth fatigue and rutting is shown in Fig
ure 5 for all projecls combineu. An inc:r.,aslny l'"r
centage of voids results in reducing pavement life 
for both permanent deformation and fatigue crack
ing. As void content increases, its effect on the 
occurrence of rutting is greater than its effect on 
cracking. It should be noted that the fatigue and 
deformation results are for the same temperature, 
and, although the number of repetitions to failure 
is greater for deformation at this temperature, 
changes in temperature could alter the relative per
formance. It should also be noted that the labora
tory results have not been adjusted to field per
formance curves; therefore, the same relations ace 
assumed between laboratory and field performance for 
both fatigue and deformation. 

The permanent deformation and fatigue curves as a 
function of asphalt content are shown in Figure 6 
for all projects combined. The change in asphalt 
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content from the design opt~mum significantly 
changes the pavement life because of permanent de-' 
formation. The effect on reductions of fatigue life 
was less critical. 

The impact of the amount of fines on fatigue and 
permanent deformation for the warren-Scappoose proj
ect and all projects combined at the 100-microslrain 
level is shown in Figure 7. The results indicate 
that the effect of fines on mix behavior is similar 
to that of asphalt content. When the optimum value 
is exceeded, the number of repetitions to failure 
for permanent deformation drops sharply. The varia
tion in the amoucyt of fines appears to have minimal 
effect on fatigue life. 

Development of Pay Adjustment Factors 

The fatigue life predictive models at 100-micro
strain were used in this study to develop pay ad
justment factors for two reasons: 

l. The 100-microstrain level represents an aver
age condition typical of most roads in Oregon. 

2. Fatigue criteria were used because fatigue is 
the most prevalent type of distress found in 
Oregon. Had permanent deformation criteria been 
used, the resulting penalties would have been much 
greater. 

The predictive models given in Table 2 have been 
used to estimate the performance life of the pave
ment in this study . For given mix properties (as
phalt content, voids, percentage passing the No. 200 
sieve, and aggregate type), the design fatigue life 
(Nf) can be found from the predictive model. At 
three different confidence intervals (90, 95, 99 
percent) for mean response of fatigue life models, 
the estimated fatigue life of a proposed pavement is 
obtained and evaluated to determine the reduction in 
pavement performance. 

The proposed pay adjustment factors are based on 
the concept that pavements constructed within design 
mix specifications are accepted with full payment or 
a pay adjustment factor of 100. A deviation for the 
mix specifications causes a change in pavement fa
tigue life. Therefore, the pay adjustment factor is 

Figure 5. Permanent deformation and fati~e curves as a function of percentage voids for all projects at 100 microstrain . 
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Figure 6. Permanent deformation and fati!P-Je curves as a function of asphalt content for projects at 100 microstrain. 
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Figure 7. Permanent deformation and fatigue curves as a function of percentage passing the No. 200 sieve. 
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defined as the ratio of the fatigue life of the con
structed pavement to the fatigue life of the stan
dard proposed pavement: 

Pay adjustment fa ctor ; (Nr (of constructed)/Nr (of design standard)] 

x 100 (4) 

The payment would be increased for a greater fatigue 
life and reduced for a shorter life than the design 
standard pavement life. 

The pay adjustment factors developed foe each mix 
variable and for the combined effects of all three 
variables in each project were derived from the 
models given in Table 2. The effect of aggregate 
type has been considered in developing the pay ad
justment fac t or in all projects. It can be seen 
that for e acn project the mode ls for density (voids) 
have a much higher R2 than those for asphalt con
tent or percentage passing the No. 200 sieve. 

R2 indicates the dependence of fatigue life on 
the voids variable and thus shows the significance 

Percent Passing No. 200 Sieve 

of density. Even when all of the variables are c on
sidered together for each project with various re
gression models, voids is often the only variabl~ of 
significance. When all of the projects are com
bined, the R2 values drop for all models ~ however, 
t hose that contain only a voids teem and exclude 
aggregate effects have the highest values. 

Pay adjustment factors based solely on void con
tent, asphalt content, and the amount of fines are 
given in Tables 3-5, respectively. Table 6 gives 
the pay adjustment factors obtained when all mi x 
properties ace considered, not including the effect 
of aggregate t y pe. The model as given in Table 6 
explains only 33 peccent of the vaciation in the 
logarithm of fatigue life as controlled by void con
tent. Hence, all of these predictive models clearly 
illustrate the effect of aggregate type on variation 
of mix characteristics. Differences in the aggce
gate type result in different mix charactecistics, 
which directly affect fatigue life and, of course, 
pay adjustment factors. Unfortunately, it is not 
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Table 2. Regression models of repetitions to failure as a function of mixture properties for fatigue criteria at 100-microstrain level . 

Model Mix Properties No. of 
Project No . Included Samples Regression Model Equation R2 

N.OAKLAND- l VOIDS 10 log NF= 5.1758 - 0.07973 (VOIDS) -5.805 0.8082 
SUTHERLIN 2 AC 10 log NF= -0.1173 + 1.1435 (AC - 0.00997 (AC) - 0.00997 (AC)3 -0.925 0.1327 

3 No. 200 sieve 10 log NF= 3.9938 +0.1031 (No. 200)-0.00042 (No. 200)3 -0.687 0.2199 
4 No. 10 sieve 3 logNF=4.5129-0.00855 (No. JO) --1.467 0.6827 
5 No. 200 , AC, VOIDS 10 log NF= 6.0333 - 0. 1199 (AC) " 0.0943 (VOIDS) -2.528 0.8997 
6 Polynomial 10 log NF= 5.6699 - 0.0937 (VOIDS) - 0.0099 (A )2 --2.533 0.8999 
7 Interactions 10 log NF= 5.3093 - 0.01596 (AC) (VOIDS) -7.935 0 .8873 
8 All effects 10 log NF= 5.3093 - 0.01596 (AC) (VOIDS) -7.935 0.8873 

CASTLE ROCK- 9 VOIDS 10 log NF= 4.9118 - 0.00514 (VOIDS)2 -13.562 0.9583 
CEDAR CREEK 10 AC 10 log NF= -6.8514 + 3.5035 (AC) - 0.2733 (A )2 --1.266 0.3804 

II No. 200 sieve 10 log NF= 3.5307 + 0. 1583 (No. 200) - 0.00094 (No. 200)3 -1.128 0.2263 
12 No. 200, AC, VOIDS 10 log NF= 5.4439 - 0.1099 (VOIOS) --11.385 0.9419 
13 Polynomial IO log NF= 4.9118 - 0.005 I 5 (VOIDS)2 -13.652 0.9583 
14 Interactions IO log NF= 5 .4439 - 0.1099 (VOIDS) -11.385 0.9419 
15 All effects 10 log NF= 4.9118 - 0.00515 (VOJDS)2 -13.562 0.9583 

WARREN- 16 VOIDS 10 log NF= 4.3154 - 0.0401 (VOIDS) -5.041 0.7605 
SCAPPOOSE 17 AC 10 log NF= l .9253 + 0.6535 (AC) - 0.04879 (AC)2 -0.503 0.3561 

18 No. 200 sieve IO log NF= 3.7795 + 0.0429 (No. 200)- 0.00007 (No. 200)3 -0.20 0.3108 
19 No. 200, AC, VOIDS 10 log NF= 4.3154 - 0.04010 (VOIDS) -5.041 0.7605 
20 Polynomial 10 log NF= 4.3154 -0.04010 (VOIDS) -5.041 0.7605 
21 Interactions 10 log NF= 3.8729 - 0.0011 (VOIDS)+ 0.0098 (No. 200) (AC) -5.620 0.9789 

- 0.0042 (No. 200) (VOIDS) 
22 All effects IO log NF= 3.8729 - 0.0011 (VOIDS)+ 0.0098 (No. 200) (AC) --5.620 0.9789 

- 0.0042 (No. 200) (VOIDS) 
ALL 23 VOIDS 30 log NF= 4.5072 - 0.00295 (VOIOS)2 --3.975 0.3608 

24 AC 30 log NF= 0. 7705 + 0.8131 (AC) - 0.00625 (AC)3 -1.225 0.2248 
25 No. 200 sieve 30 log NF= 3.6938 + 0.1456 (No. 200)-0.00863 (No. 200)2 -1.191 0.1543 
26 No. 200, AC, VOIDS 30 log NF= 4 .6875 - 0.05103 (VOIDS) -3.714 0.3300 
27 No. 200, AC, VOIDS, 30 l"g NF= 4.5732 - 0.0711 (VOIDS)+ 0.5525 (AO.Tl)+ 0.4585 (AG.T2) 6.329 0.8266 

AG.T 
28 Polynomial 30 log NF= 4 .5072 - 0.00295 (VOIDS)2 -3.975 0.3608 
29 Polynomial+ AG.T 30 log NF = 4.3039 + 0.5382 (AC.T l)+ 0.4797 (AG.T2) - 0.00426 (VOIDS) 7.147 0.8539 
30 Interactions 30 log NF = 4.380 I - 0.0045 (VOIDS)+ 0.8429 (AG.TI) -2.162 0.9148 

+ 0.0048 (AC.T2) (No. 200) 
31 All effects 30 log NF= 4.3217 + 1.2297 (AC.Tl)+ 0.4998 (AG.T2) -2.162 0.8769 

- 0.1139 (AC) (AG.Tl) - 0.0045 (VOIDS) 

Table 3. Pay adjustment factors for percentage of voids of three projects deter
mined by using fatigue criteria. 

Table 4. Pay adjustment factors for percentage of asphalt content (optimum 
value 6.6 percent) of three projects determined by using fatigue criteria. 

Design 
Target 
Value 
(%) 

10 

8 

s 

Specifications 
Limits 
(%) 

<7.38 
8.14-7 .38 
8.48-8.14 
J 1.31-8.48 
11.57-11.31 
12.06-11.57 
> 12.06 
<3.29 
4.96-3.29 
7.79-4.96 
8.20-7 .79 
10.16-8.20 
10.82-10.16 
> 10.82 
<4.54 
5.41-4.54 
8.82-5.41 
9.81-8 .82 
>9.81 

Noll': Based on model 23 from Tahlc 2. 

Pay 
No. of Adjustment 
Repetitions Factor 
(log NF) (%) 

>4.3467 136 
4.3119-4,3467 131 
4.2951-4.3119 123 
4.1298-4.3119 100 
4.1129-4.1298 81 
4.0783-4.1129 76 
<4.0783 73 
> 4.4754 144 
4.4348-4.4 754 U'I 
4.3282-4.4348 116 
4.3089-4.3282 100 
4.2024-4.3089 87 
4.1618-4.2024 74 
<4.1618 70 
> 4.4464 103 
4.4207-4.4464 100 
4.2781-4.4207 82 
4.2238-4.2781 66 
<4.2238 62 

practical to consider the effect of aggregate type 
in developing pay factors for general use unless the 
ilggregate typeii uiied in a given area are extremely 
uniform. 

Comparison with Existing Pay Adjustment Factors 

The successful implementation of pay adjustment fac

tors depends on their reliability, fairness, ease of 
use, and accuracy in representing true pavement per
formance. The format should be relatively simple, 

Specifications 
Limits 
(%) 

7.84 
7.67-7.84 
7.10-7 .67 
6.10-7 . 10 
6.10-5.43 
5.43-5.23 
< 5.23 

No. of 
Repetitions 
(log NF) 

< 4. 1317 
4. 1858-4.1317 
4 .2 121-4.1858 
4.2121-4.2121 
4.2121 -4.1858 
4. 1858-4.1317 
< 4. 1317 

Note: Based on mo1..ltd 24 from Tablt! 2 . 

Pay 
Adjustment 
Factor 
(%) 

62 
66 
72 

100 
72 
66 
62 

out it must be based on sound engineering and sta
tist ical principles to ensure general acceptance. 
The pay adjustment factors developed in this study 
are compared with those currently in use in Tables 
7-9. 

The pay adjustment 
are given i n Table 7. 
values are used in the 
in Table 7: 

Specification 
Oregon standard 
Washington DOT 
osu-oregon DOT study 
Oregon quality assurance 

R"' 1 
R 2 

R 4 

factors relating to density 
The fol.lowing target density 
var ious s pec i fica tions cited 

voids !%! 
1-3 
o.o 
o.o 

1-3 
1-3 
1-3 

The pay factors given in Table 7 are comparable to 
those of the Oregon quality assurance specification 
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(R = 4) except that a higher bonus is recommended 
for good compaction and a greater penalty is recom
mended for poor compaction, which reflects the sub
stantial effect of compaction on pavement life. 
Density was shown to be the most significant vari
able and is regarded as the only one to which a 
bonus payment should be applied. The Oregon quality 
assurance specifications allow a small bonus payment 
when the constituents of the mix are close to the 
target values. 

The pay factors developed in this study for as
phalt content (Table 8) are signif icantly more se
vere than the o the r s shown with the e xcept ion of the 
FHWA specification, which appears to penalize mate
rial within the normally accepted range of ±0.5 
percent of the target value and allows for rejection 
outside that range. This is because the FHWA speci
fication recognizes that when a mean value from five 
tests results is used, there is less probability of 
that value differing from the target value by a 
given amount than if fewer tests were used. The pay 
factors based on percentage passing the No. 200 

sieve (Table 9) are slightly more severe than the 
others shown with the exception of the FHWA specifi
cation for reasons similar to those stated above for 
asphalt content. 

CONCLUSIONS AND RECOMMENDATIONS 

The impacts of variations in material quality, con
struction, and environment cause uncertainty in the 
performance of asphalt concrete pavements. The in-

Table 5. Pay adjustment factors for percentage passing the No . 200 sieve 
(optimum value 8.5 percent) of three projects determined by using fat igue 
criteria. 

Material P•y 
Passing No. No . of Adjustment 
200 Sieve Repetitions Factor 
(%) (log NF) (%) 

> 13.50 <4.0867 60 
12.80-13.50 4.1441-4.0867 64 
8.67-12.80 4.3074-4.1441 83 
8.67-8.33 4.3074-4.3078 100 
8.33-4.08 4.3078-4.1441 83 
4.08-3.37 4.1441-4.0867 64 
<3.37 < 4.0867 60 

Notr.:: Based on motll!! 25 From T01hk 2. 

Table 7. Pay factor comparison based on density. 

Pay Factor 
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fluence of variations in asphalt concrete mix char
acteristics on mix performance was studied for the 
North Oakland-Sutherlin, Castle Rock-Cedar Creek, 
and Warren-Scappoose projects in Oregon. The re
sults from a computer statistical analysis led to 
the following conclusions: 

1. Mix density (or air voids content) shows 
highly signi ficant influe nce on mix per fo rmance. An 
increase in air voids con.tent is a s sociated with a 
decrease in performance life. Thus, a mix with low 
air voids content is most desirable in asphalt con
crete pavement construction. 

2. The results of tne analyses suggest that max
imum performance life occurs at an optimum asphalt 
content. It is interesting to note that the optimum 
asphalt content required on all projects for maximum 
permanent deformation resistance is always less than 
that required for highest fatigue life. It is also 
obvious that performance life decreases as asphalt 
content deviates from an optimum value. 

Table 6. Pay adjustment factors for mixture properties of three projects deter· 
mined by using fatigue criteria. 

Design Target 
Value Loads 
(%) 

10 

8 

Required 
Value 
(%) 

<7.29 
7.99-7.29 
8.33-7.99 
l l.67-8.33 
12.01-11.67 
12.71-12.0) 
> 12.71 
<5.08 
5.84-5.08 
7.82-5.84 
8.19-7 .82 
10.16-8.19 
10.92-10.16 
> 10.92 
<0.70 
l.87-0.70 
4.73-1.87 
5.27-4.73 
8.19-5 .27 
9.31-8.19 
>9.31 

Note: Based on moc.Jcl 26 frum Table 2. 

Pay 
No. of Adjustment 
Repetitions Factor 
(log NF) (%) 

>4.3155 138 
4.2797-4.3155 132 
4.2623-4.2797 124 
4.0919-4.2623 100 
4.0919-4. l 771 91 
4.0388-4.0746 76 
<4.0388 73 
>4.4280 147 
4.3895-4.4280 135 
4.2886-4.3895 ! 15 
4.2698-4.2886 100 
4.1680-4.2698 87 
4.1303-4.1688 74 
<4.1303 71 
> 4.6521 166 
4.5920-4.6521 155 
4.4462-4.5920 122 
4.4184-4.4462 100 
4.2694-4.4184 82 
4.2 I 25-4.2694 64 
<4.2125 60 

Oregon Qtrnlity Assurance 
OSU-Oregon Srecific•tion 

Compaction Oregon Washington DOT 
(%) Standard DOT Study R = 1" R = 2" 

;;.95.0 110 
92.0-94.9 100 
;;.94.0 102 102 
;;.92.0 100 100 100 
;;. 91.S 100 
91.0-91.9 95 94 96 .7" 95.4h 
91.0-91.4 99.8c 
90.0-90.9 99.6' 90 87 92.7b 9 I .4b 
89.0-89.9 99 ,3c 80 80 88.7h 87.4h 
<89.0 50J 70' 
88.0-88.9 98.8c 84.7 83.4 
87 .0-87 .9 98.2c 80.7 79.4 
<87.0 Less ray 76.7 75.4 

"R is the diffcrcncL' hdWl'l'TI the hj1d1csl and lowL•st valul!s in the ~roup of several test results from the lot. 
bvaJu-.·s calculated al lhc millpoinl or lht.· pl'rccnta~c com1wction rani;!.C . 

R = 4.• 

102 
100 

92.7h 

88.7h 
84.7 

80.7 
76.7 
72.7 

CValul's c1:1lculati:J hy usin~ curn:nt ~uMclines for pavement with 16-ft width, 2-in. lhickncss, 0.5-mik lt:nr.th, 
140~lh/rt3 c..h.•nsity, imd £23/1011 cost. 

dMuyhe. 
l'JkjecL 
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Table 8. Pay factor comparison based on asphalt content. 

Pay Factor 

Oregon 1982 Quality Assurance 
Tolerance OSU-Oregon Specification 
for Percent DOT Oregon 
Asphalt Standard• FHWAb Stud ye R = O. ld R = 0.2d R = 0.4d 

±0.35 100.0 100.0 100.0 100.0 100.0 100.0 
±0.40 100.0 95.0 100.0 ]00.0 100.0 100.0 
±0.45 100.0 85 .0 100.0 100.0 100.0 100.0 
±0.50 100.0 100.0 100.0 100.0 100.0 
±0.60 99.2 96.5 97 . l 96.3 94.9 
±0.70 98.4 93.0 94.9 94.I . 92.7 
±0.80 97.6 89.0 92.7 91.9 90.5 
±0.90 96.8 85.5 90.5 89.7 88.3 
±1.00 96.0 80.5 88.3 87.5 86.1 
±I.IQ 95.2 76.0 86.I 85.3 83.9 
± 1.20 94.4 71.0 83.9 83.l 81.7 
± 1.30 93.6 66.0 81.7 80.9 79.5 
± 1.40 92.8 60.0 79.5 78.7 77.3 

a For ilfl ind1vlduisl ftdd tes l wit h 11:.Jlillil or n ht1 kup .SDIUJll~ for t1111111g s. m1,1es to connrm t4u lt$. 
h~hay ht' =aeCt!(lhHi ut ,, 1tay rAc turuf ;~or r"Jc-ctc,I. For an avern.gt' of.$ t~us. 
CIJ~·4J o n folittU\l trlt~rla on s.;lh:t'.1 11 hrn:I omshh:1 tbc 000·r tol e rant~ o !Cl.S'M. For 11 u.1Jt..• t t1~u o t S tests. 
<lR Id; lh.: di ff~r~ na· h4:1ween th~ h1~heJ, l and IOW(I§] valU(:" in the tt(IUJ) of 1cvcral tu t rc-.mll~ frnm the lot . 

Table 9. Pay factor comparison based on percentage passing the No. 200 sieve. 

Pay Factor 

Oregon 1982 Quality Assurance 
Tolerance for OSU-Oregon Specification 
Percent Passing Oregon DOT 
No. 200 Sieve Standard• FHWAb Stud ye R= O.ld R = 0.2d R = 0.4d 

± 1.7 100.0 100.0 100.0 100.0 100.0 100.0 
± l.8 100.0 95.0 100.0 100.0 100.0 100.0 
± 1.9 100.0 95.0 100.0 100.0 100.0 100.0 
±2.0 100.0 85.0 100.0 100.0 100.0 100.0 
±2.l 99.9 85.0 99.l 99.2 98.6 97.0 
±2.2 99.8 98.l 98.6 98.0 96.4 
±2.3 99 .6 97.0 98.0 97.4 95.8 
±2.4 99.5 95.8 97.4 96.8 95.2 
±2.5 99.4 94.5 96.8 96.2 94.6 
±2.6 99.2 93.I 96.2 95.6 94.0 
±2.7 99.I 91.6 95.6 95.0 93.4 
±2.8 99.0 90.0 95.0 94.4 92.8 
±2.9 98.9 88.3 94.4 93.2 92.2 
±3.0 98.8 86.5 93.8 93.2 91.6 

al·or an in{hvic.Jut:tl fl~ld l ~:Sl vlith h:sl in~ or Q backup ~unp lc fo_r faUlnG .satnpld IO confirm rt:Mlh.l, 

b~Jn)" be llCCUJJlird IJt U ptay fn.ctor Of 70,.ur r\!'/"°clcd. 1-°QT Im QYt:tnS\1 Qf S h:S.U•. 
cniu:\!d 011 fotie,uc c:rilcriu 011 11>pcc i1111ms ou 1:shk 1hc 0 l)OT tolerant<!' 4'( .t.'2. 0'~ .. far ~n av era~~ uf S t~sts. 
dJ( l!S the dlf(er"\lUCt." h~I\\ "(:0 the hlgh~St 1tntJ lowc-sl v1a1 Ut':S in th..: grOU1l or 3\Wt.!tClJ l!.!JI r~su l lS fro m the lot. 

3. The amount of fines has less effect in con
trolling mix behavior than density. As in the case 
of asphalt content, the best performance life is ob
tained at an optimum point. Beyond this value there 
is a reduction in mix performance life. A smaller 
amount of fines was required foe permanent deforma
tion to reach the highest performance level than for 
fatigue cracking. 

4. Percentage passing the No. 10 sieve had an 
apparent effect on p e rformance behavior, but the 
sample size was not adequate to draw a statistically 
valid conclusion. 

5. Aggregate type exhibited an effect on mix 
performance. Aggregate type is important in that it 
determines the amount of asphalt and indicates the 
air voids that can be incorporated in thP mix . With 
the same air voids and asphalt conten , the mix per
formance still va ries with t he aggregate t ype used. 

6. The pay adjustmen t fac t or s a r e based on the 
concept that t he performance life at the des ign 
target value de r i ved from the pred ictive model is 
accepted with full payment. The other pay adjust
ment factors ace derived by comparing the perfor
mance with that of a standard design mix. 

7. The pay adjustment factors developed compare 
favorably with those used by other agencies in the 
Pacific Northwest. 

Based on the analyses of data presented above, it 
is recommended that a compaction specification sim
ilar to Table 3, using 8 percent voids as a maximum 
value, should be adopted. The upper limit on the 
bonus should be 10 percent because an initial voids 
content lower t han 5 percent may cause other prob
lems. Furthermore , it is bel i eved that, if higher 
compaction requirements ace imposed, contractors 
will need bette r control of a s phalt content and gra
dation to ach ieve tne higher density va l ues . 
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Discussion 

Richard M. Weed 

The authors are to be commended for their efforts to 
relate quality measures to the actual performance of 
flexible pavement. If relations such as these can 
be firmly established, this will form the most ra
tional basis foe adjusted pay factors. 

Their observation that there is a great disparity 
among the pay schedules used by different highway 
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agencies is also eight on target. This situation 
can hardly inspire the confidence or cooperation of 
the construction industry. Clearly, there is much 
to be done to establish a uniform pay adjustment 
system that is legally and technically sound. 

In my opinion, the most logical way to do this is 
based on the legal pc inciple of liquidated damages. 
Simply put, the highway agency should be entitled to 
withhold sufficient payment at the time of construc
tion to cover the cost of future repairs made neces
sary by defective work. A valid fatigue relation 
would make it possible to predict when such repairs 
would be required: and by computing the present 
worth •of these costs, an appropriate pay reduction 
could be determined. This approach has been devel
oped for rigid pavement in two recent papers (1,2) 
and could also be applied to flexible pavement. - -

My one disagreement with the paper concerns the 
manner in which pay factors are defined. By comput
ing them directly as the ratio of as-built load
bearing capacity to design load-bearing capacity, it 
is implied that a pavement that has no further load
carcying capability has no value. This is analogous 
to saying that an automobile with four flat tires is 
worthless, a position that would be extremely diffi
cult to defend. 

The liquidated-damages approach, on the other 
hand, recognizes that a pavement with no load
carrying capability still has considerable value as 
the subsystem on which the next generation of over
lay will be placed. Pay reductions are based only 
on the expense necessary to restore the serviceabil
ity of the pavement throughout its intended design 
life. This represents the actual damage suffered by 
the highway agency and is the extent to which a con
tractor should properly be neld responsible. 
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Authors' Closure 

weed's comment is certainly a valid one. The pay 
factors developed were based on fatigue criteria and 
assumed that asphalt surfaces that do not meet spec
ifications would be subject to a penalty based on 
the reduction in life that results when a comparison 
is made with specification material. If no correc
tive action is taken, this approach is valid. If 
corrective action is taken, then the cost to restore 
the pavement to its intended life would be an appro
priate action, as Weed points out. Both alterna
tives can exist. The fact that the developed fac
tors compare favorably with those used by other 
agencies in the Pacific Northwest would indicate 
that the penalties developed in our paper are not 
unreasonable. 

Publication of this paper sponsored by Committee on Characteristics of 
Bituminous Paving Mixtures to Meet Structural Requirements. 




