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Demonstration of Potential Benefits of 
Performance-Oriented Specifications 

EMMANUEL G. FERNANDO AND ROBERT L. LYTTON 

The implementation of perfornrnnce-orientcd specifications hold 
the promise of providing pavement that perform a 1hey were 
designed to and of optimizing the u c of tax dollar · i;pent for 
highway construction. Thi wi ll require the application of models 
relating materials, traffic, and environmenta l variables to ex
pected pavement performance and life-cycle costs. Tt) illustrate 
the potential benefit. o[ performance-oriented pecificatio11s , l1y
pothetical case studies were conducted in which the expect.Cd 
performance of pavements consrrncred using exi ting specifica
tion was evaluated . The aim wa to determine whether a plrnlts 
and mixtures considered to be acceptable under existing speci
fications may actually show significant differences in predicted 
performtmce and life-cycle costs under similar conditions , ba ed 
on application of the performance relationship · selected for thi. 
particular exercise. The diffcreJ1ce obtafoed wou ld indicate the 
potential benefit of perfomiance- rientcd specification and the 
adequacy, or lack thereof, of existing specification with respect 
LO controlling a phalt and mixture propertic that determine pave
ment performance. 

Traditionally, state highway agencies have relied almost ex
clusively on recipe-type specifications for highway materials 
and construction. Under these specifications, the procedures 
to be followed in the construction of a pavement project are 
prescribed by the highway agency. A major drawback is that, 
by specifying materials, methods, and equipment, the high
way agency obligates itself, to a great degree, to accept the 
end product, even though there is no assurance that it will 
meet the performance requirements. 

More recently, many state highway agencies have adopted 
end-result specifications in which the contractor is given more 
latitude to choose construction methods and equipment and 
is responsible for controlling construction quality. Whereas 
these specifications are generally judged to be superior to 
traditional specifications, acceptance plans and price adjust
ment schedules are generally based on the historical ability 
of the producer or contractor to perform. Therefore, accep
tance and payment tend to be based on current testing meth
ods and construction practice rather than on test criteria and 
quality levels needed to achieve a certain level of perfor
mance. 

Still another concept that has been introduced is that of 
performance-oriented specifications. The major difference 
between this type of specification and an end-result specifi
cation is that the acceptance plan and payment schedule are 
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tied to the predicted loss in pavement performance due to 
contractor nonconformance and to the resulting increase in 
pavement cost that will be incurred by the highway agency 
over the life of the project. 

Performance-oriented specifications are a research item in 
the ongoing Strategic Highway Research Program (SHRP), 
which is expected to lead to the development of performance
based binder specifications. In addition, the recently com
pleted NCHRP 10-26A project led to the development and 
demonstration of a conceptual framework for performance
related specifications for hot-mix asphalt concrete mixtures 
and to an identification of research needs to develop fully 
functional and reliable performance-related specifications (1). 

The implementation of performance-oriented specifications 
promises to provide pavements that perform as they were 
designed to and to optimize the use of tax dollars spent for 
highway construction. To illustrate the potential benefits of 
performance-oriented specifications, hypothetical case stud
ies were conducted in which the expected performance of 
pavements constructed using existing specifications was eval
uated. The aim was to determine whether asphalts and mix
tures considered to be acceptable under existing specifications 
may actually show significant differences in predicted perfor
mance and life-cycle costs under similar conditions, based on 
applications of the performance relationships selected for this 
particular exercise. The differences obtained would indicate 
the potential benefits of performance-oriented specifications 
and the adequacy, or Jack thereof, of existing specifications 
with respect to controlling asphalt and mixture properties that 
determine pavement performance. 

CASE STUDIES 

Three hypothetical case studies-designated as A, B, and 
C-were conducted to estimate the potential benefits of 
performance-oriented specifications 

Case Study A involved the evaluation of the expected per
formance and life-cycle costs of two mixtures, prepared using 
the same asphalt, aggregates, and aggregate gradation but 
designed according to two different methods, referred to as 
Methods 1 and 2. Actual mix design data determined from 
laboratory tests were used. 

Case Study B was conducted to estimate the effect of ag
gregate gradation on expected pavement performance and 
life-cycle costs. Two gradations were evaluated, as illustrated 
in Figure l. In both cases, the gradations satisfy the ASTM 
grading specification for dense bituminous mixtures having a 



74 TRANSPORTATION RESEARCH RECORD 1353 

100 

90 

BO 

70 

~ 
~ 60 
Cl) 
Cl) 

< 
[l. 

I- 50 
z 
w 
() 
a: 40 w 
[l. 

30 

20 

10 

0 

I I I I 

/ ~ I I I I 

I I I 

I I 

I I I 
/ ,, 

I I ' / // I I 
I I 

I I 
I I 
I I I 

/ / )/ I I 
I I 

/ ~// I 
I I / I I I ' I 

ASTM Specification /: / (/ I 
I Limits for Dense 

/~ I I 
I I Mixtures with 

I 
I I 1/2 inch Maximum I • Y'7 /~ I I Aggregat~/ :// I I ...._ Gradati

1
on A 

I I )' ~ I I I 
I ' I I 

0 y / ~ I 
I I I I I "-Gradation B I l ' I 

( ; / I I I I 
I I I I I 

I I I I 

/ ),' V)( I I I I I //y I ' I I 
I 

I I 

' I I y I V/v I 
I I I/ I 

I I 

/:/ 
I 

I I 
I I 

I lV I ,r 

~ 
v I ' y I I 

I I I 

I / :/ I I 

I I I 
I 

I y /. I 
I 

I 
I I I I 
I 

~ 
I I I 

I I r I I I I 
I l I I I l I 

No. 200 100 50 30 16 8 4 1/ 4" 3/8" 112· 3/4" 1· 1-1/ 4. 
No . 80 40 20 10 6 

SIEVE SIZES 

FIGURE 1 Aggregate gradations used for Case Study B. 

nominal maximum aggregate size of Y2 in. (ASTM D3515-
89). For this case study, Jimenez's procedure (2) was used 
with the assumed gradations and assumed values of asphalt 
specific gravity, asphalt absorption, and effective specific gravity 
of the aggregate blend to predict theoretically the relation
ships between air voids, asphalt content, and film thickness 
for the two gradations evaluated. 

Case Study C involved the evaluation of the expected per
formance and life-cycle costs of two mixtures, each prepared 
using a binder that meets the specifications for an AC-20 
asphalt. The binders evaluated, designated as Binders 1 and 
2, are included in the SHRP Materials Reference Library of 
asphalt cements . For this case study, bitumen stiffness data 
measured at different test temperatures and loading times 
were used in predicting pavement performance. Figures 2 and 
3 illustrate the original bitumen stiffness data for the binders 
used in this case study. 

PERFORMANCE EVALUATION 

The evaluation of expected pavement performance for the 
different case studies described generally followed a two-step 
procedure involving 

1. The evaluation of fundamental material properties from 
basic mixture variables that are commonly used in existing 
specifications, such as asphalt content, air voids content, ag
gregate gradation, binder viscosity, and penetration; and 
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FIGURE 2 Original bitumen stiffness at various loading times 
and temperatures for Binder 1. 

2. The application of existing performance models in con
junction with the fundamental material properties determined 
in Step 1 to predict fatigue cracking, rutting, and serviceability 
loss with time. 

Two important fundamental material properties-the mix
ture stiffness and the slope of the creep compliance curve
were determined from the basic mixture data established for 
each case study. The relationship developed by Witczak was 
used to predict the dynamic modulus from data on volumetric 
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FIGURE 3 Original bitumen stiffness at various loading times 
and temperatures for Binder 2. 

asphalt content, air voids content, aggregate gradation, and 
asphalt viscosity for each of the mixtures considered in Case 
Studies A and B (3). For Case Study C, McLeod's procedure 
was used with the available data on bitumen stiffness to es
timate mixture stiffness. A computerized version of McLeod's 
nomograph was used for predicting the slope of the creep 
compliance curve for the three case studies (4) . 

The performance evaluation was made using a mechanistic 
finite element program called FLEXP ASS developed at Texas 
A&M University. Because the results presented are depen
dent on the models used for predicting distress, the perfor
mance relationships in FLEXP ASS are briefly described in the 
following. A detailed discussion of the development of 
FLEXP ASS including efforts made to verify and calibrate the 
model is given by Tseng (5). 

Fatigue Cracking 

The following phenomenological equation is used in FLEX
p ASS to predict fatigue cracking: 

where 

(1) 

N1 = number of load applications to failure, 
E, = tensile strain at the bottom of the asphalt con

crete layer, and 
K 1 and K 2 = fatigue parameters. 

The fatigue parameters K 1 and K 2 of Equation 1 are eval
uated in the FLEXP ASS program using the following rela
tionships derived by Tseng and Lytton (6) from fracture me
chanics theory: 

[ ( )] -IOq] 
dl-n/2 1 _ ~o 

K, == (2) 
[A(l - nq)(rE)"] 

K1 - n (3) 

where 

d = depth of the asphalt concrete layer, 
C0 = radius of the largest aggregate in the mix, 

E = mix stiffness, 
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r and q = constants that relate the stress-intensity factor 
at the crack tip to the geometry of the sample, 
the loading, and the crack length, and 

A and n fracture parameters of the Paris and Erdogan 
equation (7) given by 

de 
- = A(dK)" 
dN 

(4) 

where (dc)l(dN) is the rate of crack growth, and dK is the 
change in the stress-intensity factor with each load cycle N. 

On the basis of theoretical work done by Schapery (8) and 
experimental studies conducted at the Texas Transportation 
Institute (TTI), the following relationship for predicting the 
fracture parameter n was established (9) . 

n = 2/m (5) 

where m is the slope of the creep compliance curve. 
Equation 5 is used, in conjunction with a computerized 

version of McLeod's nomograph to predict the fracture pa
rameter n, thus the fatigue parameters K 1 and K2 in the 
FLEXPASS program. The slope, m, of the creep compliance 
curve is estimated using McLeod's nomograph given the as
phalt viscosity at 140 or 275°F, the penetration at 77°F, the 
asphalt content and air voids content of the mixture, and the 
service temperature. The fracture parameter A is estimated 
using the following regression equation developed from beam 
fatigue data: 

loguiA = 7.0889 2.4755n - 2.1163 log10E 

R2 = .86, N = 32 observations (6) 

If the slope of the creep curve m and the fracture parameter 
n are known, the fatigue parameter K2 is determined . In 
addition, if the stiffness (£) and the predicted value of n are 
known, the fracture parameter A can be estimated from Equa
tion 6 and the fatigue parameter K1 can subsequently be pre
dicted from Equation 2. 

The fatigue parameters determined using this methodology 
are further adjusted to account for the healing of the pave
ment between load applications and residual stress buildup 
in the asphalt concrete layer. For this purpose, the predicted 
fatigue constants are adjusted following a procedure proposed 
by Tseng and Lytton (6). 

After the parameters of the phenomenological equation for 
fatigue are determined, Miner's law is applied stochastically 
for predicting the increase in cracked area with time. 

Rutting Model 

The increase in rut depth with time is predicted by accumu
lating the permanent vertical strains due to repetitive traffic 
loadings. In the procedure used, the permanent deformation 
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in each pavement layer is evaluated as the product of the total 
vertical resilient strain in a given layer and the fractional 
increase in total strain with cumulative load applications. The 
total vertical resilient strain is evaluated using the finite ele
ment method, whereas the fractional increase in total strain 
is predicted on the basis of an assumed model relating per
manent strain to number of load repetitions. For the case 
studies conducted, the model used in the VESYS computer 
program (JO) was adopted: 

E., = INS (7) 

where 

E0 = permanent strain, 
N = cumulative load repetitions, and 

I and s = model parameters determined from laboratory 
data. 

Assuming that the resilient strain, E,, is large in comparison 
to the increase of permanent strain with each load repetition , 
the fractional increase in permanent strain is approximately 
given by 

F(N) = dE,.IE, (8) 

where F(N) is the fractional increase in permanent strain with 
load repetition N. 

The change in permanent strain, dE,,, is given by 

dE = aE,, 
" aN 

(9) 

Differentiating Equation 7 with respect to N and substi
tuting the result into Equation 8 leads to the following expres
sion for F(N): 

F(N) 
ISN-c 1- s> 

E, 
µN - " (10) 

where µ and a are permanent deformation parameters. The 
rut depth , B;(N), for any given layer i is then determined by 

where 

8,(N) 
Zmax 

rut depth at N load repe_titions for a layer i, 
depth of the pavement layer, and 
vertical compressive strain at depth Z. 

(11) 

Finally, the total rut depth is obtained by adding the in
dividual rut depths for each layer: 

B(N) ;~ 8;(N) = ;ti J: µ,N- 0

' dN J:~, Ec(Z) dz 

;t1 { 1 :I a , N'- o; J;', Ec(Z) dz} (12) 
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where 

B;(N) total rut depth at N load repetitions, 
n - number of pavement layers, 

d,_ 1 depth at bottom of a layer i, and 
d; depth at top of a layer i. 

Equation 12 was used to predict the increase in rutting with 
cumulative load applications for the different case studies. In 
the analyses, the vertical compressive strain at a given depth 
within the layer was evaluated using the finite element method; 
the permanent deformation parameters (a and µ) for the 
asphalt concrete layer were evaluated from the following re
lations: 

a= 1 - m (13) 

(14) 

where 

Ci(p) a calibration constant dependent upon the rutting 
characteristics of the asphalt mix and the quality 
of the aggregate, 

m = slope of the creep compliance curve, and 
t = time of loading. 

Equation 13 is based on work done by Lytton (11), whereas 
Equation 14 is from development work conducted at TII on 
the Texas Flexible Pavement System (12). For the base and 
subgrade layers, typical values for a and µwere assumed in 
the analyses and were kept the same for the three case studies. 

Serviceability Loss Model 

With the FLEXPASS computer program, serviceability loss 
is evaluated using the AASHO present serviceability index 
(PSI) equation with the predicted values of rut depth, cracked 
area, and slope variance. The slope variance is predicted from 
the rut depth variance using the following equation based on 
VESYS (JO): 

E(SV) = 
2~ var('&) (15) 
c 

where 

E(SV) 
var('&) 

~and c = 

expected value of slope variance, 
variance of rut depth, and 
constants that have typical values of 1.0 and 
0.058, respectively, based on regression analysis 
of field roughness data. 

The rut-depth variance is evaluated from a probabilistic 
analysis of the rut-depth equation. 

Age-Hardening 

In the analyses conducted, age-hardening of the different mix
tures was also considered using relationships developed for 
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predicting the change in asphalt viscosity and penetration with 
time. These equations are based on data collected by Lee 
from eight different projects in Iowa, where observations of 
asphalt penetration and viscosity were made at 6-month in
tervals over 4 years (13). A hyperbolic model of the form 
given by Equation 16 was used to model the change in asphalt 
consistency with time. 

~y = tl(a + bt) (16) 

where ~y is the difference between the measured viscosity or 
penetration at time t and the value of the property at time of 
construction, and a and b are hyperbolic model parameters 
that are functions of basic mixture variables. 

Relationships for predicting the hyperbolic model param
eters of Equation 16 were developed and are summarized as 
follows: 

•Viscosity at 70°F (megapoises): 

a _ 1.614494 x 10-14. (V,er.
70

)31530. (FT)1 9931 

R 2 = .9963, RMSE = 0.0368, N = 8 obs. 

R 2 = .9833, RMSE = 0.0186, N = 8 obs. 

• Viscosity at 140°F (poises): 

R 2 = .9619, RMSE = 0.1176, N = 8 obs. 

. (pen77.TFOT/FT)-4.0697 

R 2 = .9558, RMSE = 0.0746, N = 8 obs. 

• Penetration at 77°F (0.1 mm): 

a 3.287416 X 10-5. (pen,er.n) - 9.0932. (penn.0)11 .m5 

. (P20of P30)• 2124 

R 2 = .9723, RMSE = 0.1192, N = 8 obs. 

b 190,387 . (FT)o.3245. (P,.;,) - o.2s60. (penn.o) - 4 02os 

· ( P 2ool P 30) - 1·2031 · (penn ,TFOT/penn .o)- 1 042 

R2 = .9708, RMSE = 0.0144, N = 8 obs. 

where 

V,er.10 reference viscosity at 70°F, at time of con
struction (megapoises); 
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FT = film thickness (microns); 
V140.TFOT = Viscosity at 140°F after thin-film oven testing 

(TFOT) (poises); 
pen,er.77 = reference penetration at 77°F, at time of con

struction (0.1 mm); 
penn.TFOT = penetration at 77°F after TFOT (0.1 mm); 

pen77 .0 = original penetration at 77°F (0.1 mm); 
V 14o.o = original viscosity at 140°F (poises); 

P.;, = percentage air voids; 
P.0 = percentage asphalt; 

P200 = percentage passing No. 200 sieve; 
P30 = percentage passing No. 30 sieve; 
P8 = percentage passing No. 8 sieve; and 
P4 = percentage passing No. 4 seive. 

For viscosity, the dependent variable ~y in Equation 16 is 
log 10(V,IV,er), where V, is the predicted viscosity at time t and 
V,er is the reference viscosity. For penetration, ~y is the pre
dicted difference between the reference penetration, and the 
penetration at some time t. In both cases, the reference values 
should be the estimated properties at the time of construction. 

The preceding equations were used to estimate the effects 
of aging on the predicted performance of the different mix
tures evaluated in Case Studies A and B. The prediction 
equations for viscosity at 70°F were used in conjunction with 
the dynamic modulus equation developed by Witczak to pre
dict the change in modulus with time (3) . The equations for 
viscosity at 140°F and penetration at 77°F were used to predict 
the change in fatigue and permanent deformation properties 
as the mixture ages. Table 1 summarizes the data used in 
conjunction with the given equations to evaluate the age
hardening of the mixtures considered in Case Studies A and 
B. For Case Study C, estimates of bitumen stiffness with time, 
obtained from a SHRP A-002 subcontractor, were used in 
con junction with McLeod's procedure ( 4) to predict the change 
in mixture stiffness with time. 

The predicted age-hardening characteristics of the different 
mixtures were used in subdividing the analysis period into 
several time intervals, with each time interval characterized 
by mixture properties representative of the aging associated 
with the given interval. A 20-year analysis period was used 

TABLE 1 Input Data Used to Characterize Age-Hardening for 
Case Studies A and B 

Case StUd,l'. A Case Stud.)' B 
Input Variable 

Method I Method 2 Gradation A Gradation B 

1. V.,,, 70 (megapoises) I 7. 55 17. 55 17 . 55 17 .55 

2. FT (microns) g. 92 10.97 8.S2 13. 76 

J, V1'0,TFOT (poises) 2637 2637 2637 2637 

4. V 140• 0 (poises) 1071 1071 1071 1071 

s. Pen.,,, 77 (0.1 mm) 38 38 38 38 

6 . Pennno1 (O.J mm) Sl Sl SJ Sl 

7. Penn 0 (0. I mm) 85 es es 8S 

8. P., (%) 4.9 3. 9 

9 . P •• (%) s .4 s. 9 4. 73 s .18 

JO. P200 (%) 3. 9 3. 9 3.9 2 .0 

II. P,o (%) 20.2 20 . 2 20 . 2 lS. 2 

12. Pe (%) 41.8 41.8 41.8 35.8 

13. P, (%) 61. 6 61.6 61.6 S4.6 
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for all case studies. The performance evaluation for each mix
ture was therefore conducted in stages, starting with the first 
time interval and proceeding in succession through the last 
time interval or period. At each time period, the associated 
mixture properties were used in conjunction with the selected 
performance models to predict the fatigue cracking, rutting, 
and serviceability loss for that particular period. The predicted 
levels of distress at the end of any given time period were 
then used as the starting levels of distress for the subsequent 
time period. 

LIFE-CYCLE COST ANALYSIS 

For all case studies, a hypothetical pavement section consist
ing of a 4 in. bituminous-bound surface layer and a 10 in. 
granular base course overlaying a clay subgrade was assumed . 
A 9,000-lb load acting on dual wheels sp~ced 13 in. apart and 
inflated to a pressure of 75 psi was used to represent the 
standard 18-kip equivalent single axle load (ESAL) . In ad
dition, an initial traffic rate of 353 ESALs a day and a traffic 
growth rate of 4 percent were used in the simulations. The 
cumulative traffic for the 20-year analysis period was ap
proximately 4 million 18-kip ES Ls. 

Prope rties of the surface layer were varied depending on 
the particular bituminous mixture that was being evaluated . 
These properties varied with time and with the assumed sea
sonal temperatures. For all mixtures , the properties of the 
base and the subgrade layers were kept the same. 

The performance predictions were used in evaluating the 
life-cycle cost · for the different case studies considered. For 
this analysis, the following failure criteria were used to de
termine the timing of overlays: 

1. Maximum allowable fatigue cracking-500 ft2/l,OOO ft2. 
2. Maximum allowable rut depth-0.50 in. 
3. Terminal serviceability index-2.50. 

An overlay was assumed to be necessary when one or more 
of these failure limits has been reached. For the life-cycle cost 
analysis, the thickness design of overlays was accomplished 
using the overlay design equations developed for FHWA (14) . 
These equations assume that overlay life is governed by re
flection cracking. For each case study, an overlay thickness 
was determined to last the remainder of the analysis period . 
The properties of the overlay material for determining the 
required overlay thicknesses were kept the same for all three 
case studies. 

Life-cycle costs were calculated using a cost-analysis pro
gram known as FLAGCAP developed at TTI in a recent 
research project sponsored by the Florida Department of 
Transportation (15). Pavement costs associated with the pre
dicted performance of each of the different mixtures were 
evaluated , and included costs due to initial construction, rou
tine maintenance, overlays, and level-ups. In addition, user 
costs associated with vehicle depreciation, fuel consumption, 
oil consumption, tire wear, vehicle maintenance, and user 
travel time were estimated on the basis of assumed distribu
tion of vehicles in the traffic stream and the predicted ser
viceability history for the given analysis period. The assumed 
vehicle distribution was compatible with the daily 18-kip ESALs 
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used in the performance evaluation. In addition, user oper
ating costs were adjusted for the effects of pavement rough
ness using relationships developed from data compiled by 
Zaniewski (16). 

Future costs were converted to equivalent present worth 
costs using a discount rate of 5 percent. A summary of the 
pavement and user costs evaluated for the different case stud
ies considered is presented in Table 2. The costs shown are 
for a 10-mi stretch of one-lane roadway; they are specific to 
the case studies considered herein. 

As may be observed from Table 2, the percent difference 
in pavement costs associated with the different case studies 
considered varies from approximately 3.9 to 12.5 percent. 
Considering that the mixtures in each case study are, by ex
isting specifications, "equally acceptable," the differences in 
pavement life-cycle costs obtained illustrate the need for spec
ifications that are based on predicted pavement performance, 
and indicate the potential savings that may be realized if such 
specifications are implemented. Note that the predicted pave
ment costs shown in Table 2 are only for a 10-mi stretch of 
one-lane highway. If the predicted differences in pavement 
costs are applied over an entire highway network , the poten
tial savings can easily be substantial and will be even more if 
the potential reductions in user costs are also considered . This 
is readily apparent from Table 2, in which it is observed that 
the predicted differences in user costs are significantly greater 
than the predicted differences in pavement costs. This indi
cates that not only will highway agencies realize savings from 
implementing performance-oriented specifications, but that 
road users will, as well, and at a potentially greater amount . 

ILLUSTRATION OF ALTERNATIVE APPROACH 
TO SPECIFICATION DEVELOPMENT 

The limited number of simulations conducted therefore dem
onstrate the importance of developing materials and construc
tion specifications on the basis of predicted pavement perfor
mance . This will entail specifications on variables that 
significantly influence pavement service life. The choice of 
variables to be controlled will logically depend on the distress 
criteria and models used for pavement design, which in turn 
may vary with local conditions. Whatever materials and con
struction variables are selected for specification purposes, the 
choice shoul d be guided by the following considerations: (a) 
the variables selected are significant predictors of pavement 
performance, and (b) the variables are properties that can be 
controlled by the producer or contractor during construction. 

The first guideline can be addressed through a sensitivity 
analysis of the particular distress prediction models used in 
pavement design. By way of illustration, the slope m of the 
creep compliance curve is a material property input to the 
imulation program , FLEXPASS, u ed in different hypo

thetical case tudies considered herein . How this material 
property relates to expected pavement performance is evident 
from the mechanics-based relationships presented earlier be
tween the slope of the creep curve, the fatigue parameters, 
and the permanent deformation parameters. To illustrate the 
sensitivity of the performance predictions from FLEXP ASS 
to variations in the slope of the creep curve, simulation runs 
were made wherein the slope was varied from 0.40 to 0.50 
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TABLE 2 Summary of Life-Cycle Costs for Three Case Studies 

Time to Failure Pavement Difference 
Speculative Failure Mode Cost in Pavement 
Case Study (Years) (x 1000$) Costs 

(x 1000$) 

A. Mix Design 
Method 

1. Method 1 6 . 55 Fatigue 765 
Cracking 

2. Method 2 5. 59 Rutting 796 31 

B. Effect of 
Aggregate 
Gradation 

1. Gradation A 12 . 27 Fatigue 679 
Cracking 

2. Gradation B 7 . 34 Fatigue 740 61 
Cracking 

c. Viscosity 
Grading 

12 . 24 Fatigue 765 
1. Binder 1 Cracking 

8 .52 Fatigue 874 109 
2 . Binder 2 Cracking 

and all other variables were held constant. The layer thick
nesses and base and subgrade properties from earlier runs 
were also used in these new simulations. Figures 4, 5, and 6 
illustrate the performance predictions obtained. 

Based on the distress models used, it is apparent from the 
figures that the slope (m) of the creep curve is a significant 
predictor of pavement performance. Life-cycle costs associ
ated with the different levels of this material property are 
summarized in Table 3, which indicates substantial differences 
in predicted pavement life-cycle costs between the cases con
sidered. These results further demonstrate the importance of 
the slope of the creep curve, and how, from a performance 
prediction standpoint, it is an appropriate variable to use for 
establishing target values for construction quality control. An 
example of how this may be done is illustrated in Figure 7 
and Table 4. Assuming for instance a required minimum pre
dicted service life of 20 years and a required maximum pre-

5.0 

4.5 

4 .0 

Cii 3.5 
IL 

3 .0 -- -- -- -- -- --2.5 --
2.0 

0 2 4 6 8 10 12 14 16 18 20 

TIME !years) 

--m~0.50 --m· 0 .45 

FIGURE 4 Predicted trends in serviceability loss with time for 
different levels of m. 
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Percent User Cost Difference Total Cost Difference 
Difference (x 1000$) in User Costs (x 1000$) in Total 
in Pavement (x 1000$) Costs 
Cost (x 1000$) 

437' 825 438,590 

3 .89 438,325 500 439,121 531 

430,703 431,382 

8. 24 436,525 5,822 437 ' 265 5,883 

425,901 426,666 

12 . 47 428' 118 2' 217 428' 992 2 , 326 

dieted pavement life-cycle cost of $10,000/Jane-mi, a target 
value of 0.40 for the slope (m) of the creep curve is obtained 
based on the results of simulations. This target value is of 
course specific to the conditions analyzed and will undoubt
edly vary depending on traffic and environmental conditions 
and with different pavement layer thicknesses and material 
properties . The effect of deviations from target on predicted 
pavement life-cycle costs will then be used as the basis 
for establishing payment schedules in a performance-based 
specification. 

CONCLUSION 

On the basis of the hypothetical case studies reported herein, 
it is apparent that existing asphalt and mixture specifications 
do not necessarily ensure that pavements constructed "within 
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FIGURE 5 Predicted trends in rutting with time for different 
levels of m. 
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specs" will yield similar performance and life-cycle costs. In
deed, the simulations have shown that significant differences 
in pavement life-cycle costs may be predicted for asphalt mix
tures that are within specification limits. Consequently, there 
is merit to implementing specifications that are tied to pre
dicted pavement performance. 

As part of developing performance-oriented specifications, 
materials and construction variables have to be identified which 
are significant predictors of pavement performance and are 
factors that can be controlled during construction. The choice 
of materials and construction variables for specification de
velopment will logically depend on the distress criteria and 
models used for pavement design. An example of a material 
property for which target values for construction quality con
trol may be specified is the slope of the creep compliance 
curve. This material property has been shown, from theory, 
to be a predictor of fatigue cracking and rutting, and its sig
nificance as a performance-related variable was illustrated 
herein. 

It is emphasized that the slope (m) was only used as an 
example of the kinds of materials and construction variables 
that need to be considered for specification development. 
Fundamental material properties such as the slope of the creep 
curve or mixture stiffness may be suitable variables to use 
from the standpoint of being performance-related, but im
plementing working specifications based on these variables is 
another issue. It is recognized that actual measurement of 
fundamental material properties for determining compliance 
to specifications may be beyond existing capabilities of some 
state highway agencies and contractors. For this reason, sur-
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FIGURE 6 Predicted trends in fatigue cracking with time for 
different levels of m. 

TABLE 3 Summary of Life-Cycle Costs for Different Values of m 

DIFFERENCE 
PAVEMENT IN PAVEMENT DIFFERENCE 

SLOPE, m, OF COST' COSTS USER COST' IN USER COST 
CREEP CURVE !X 1000 $) (x 1000)' tx 1000 $) (x 1000)' 

0.50 566 231, I57 

0. 45 387 -179 227' 448 -3' 709 

0. 40 87 -479 220,818 -I0,339 

•Present worth costs for a lO·mi le, one 1 ane stretch of highway; 20-yr 
analysis period at a 5% discount rate. 

bRelative to costs for case where slope m = 0. 50 . 
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TABLE 4 Failure Time (Years) for Figure 7 

Distress Agency Ute Cycle 
Costs per 

Slope, m PSI Rutllng Fatigue Lane Mlle 
12.s1• (0.5 inl• soo11 211000112 1• Ix $10001 

0.40 - 20 - 8.7 

0.45 - 10 17 38.7 

0.50 19 5 . 43 10 56 .6 

•Failure Criterion 

rogate tests or relationships for these variables may have to 
be used that relate fundamental material properties, which 
are significant predictors of pavement performance, to ma
terials and construction variables that have been traditionally 
used in materials and construction specifications. Alterna
tively, algorithms may be developed, or existing procedures 
implemented, for estimating fundamental material properties 
in situ. Already, there are a number of computer programs 
available for back calculation of layer stiffnesses from mea
sured surface deflections, including a recent computer pro
gram called SCALPOT, developed by Magnuson and Lytton 
at Texas A&M University (17), that is capable of estimating 
creep compliance parameters of layered systems from falling 
weight deflection measurements. Developments like these 
should provide additional impetus for acceptance and imple
mentation of performance-oriented specifications within the 
highway community. 
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