
STIFFNESS HISTORY OF ASPHALT CONCRETE 
SURFACES IN ROADS 
Mohamed Y. Shahin and B. Frank McCullough, Center for Highway Research, 

University of Texas at Austin 

A system for predicting the stiffness history of an asphalt concrete pave­
ment layer throughout its design analysis period has been developed. The 
system uses standard material properties and environmental inputs to 
predict the daily changes in stiffness due to temperature variations and 
also the long-term changes in stiffness due to hardening of the asphalt 
cement binder. This system was developed as part of an overall system 
for the prediction of low-temperature and thermal-fatigue cracking in flexible 
pavements. The following procedures and models were developed from 
actual projects and other research results: models to estimate the asphalt 
concrete stiffness from the ordinary laboratory measurements, procedure 
to estimate the loading time for temperature, and models to predict the in­
service aging of asphalts. The system has been used in predicting low­
temperature and thermal-fatigue cracking and has shown a good degree of 
reliability. 

•PROPER estimation of asphalt concrete stiffness is essential for calculating thermal 
stresses and fatigue distress due to traffic loading and temperature cycling and for de­
termining flexible pavement design in general. If the stiffness is too low, load distress 
may develop; if it is too high, temperature cracks are likely to occur. The calculation 
of thermal stresses and fatigue distress in flexible pavements demands the estimation 
of many values of asphalt concrete stiffness at many temperatures. For example, the 
calculation of thermal stresses on an hourly basis for a single year will demand the 
estimation of 8,640 (360 x 24) stiffness values. Therefore, the model for estimating the 
asphalt concrete stiffness should be in a form that can be programmed. 

It is an established fact that asphalt concrete is neither elastic nor viscous but vis­
coelastic; i.e., its stiffness is a function of temperature and loading time. Moreover, 
the aging of asphalt adds an important dimension to the stiffness of the asphalt concrete. 
In this research effort, a system for estimating the asphalt concrete stiffness as a func­
tion of temperature, loading time, and age has been developed. The following are the 
constituents of the system: 

1. Models to estimate the asphalt concrete stiffness from the ordinary laboratory 
measurements, 

2. Procedure to estimate the loading time for temperature, and 
3. Models to predict the in-service aging of asphalts. 

The system has been used in predicting low-temperature and thermal-fatigue crack­
ing (!) and has shown a good degree of reliability. 

ASPHALT CONCRETE STIFFNESS 

There are three approaches to characterizing the behavior of viscoelastic materials: 
models, direct measurements, and indirect measurements. The last approach is uti­
lized here in estimating asphalt concrete stiffness. This choice is based on the belief 
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that Van der Poel's method (2) can be computerized to fit in the overall system for pre­
dicting the history of the asphalt concrete stiffness. 

Several investigators have investigated the accuracy of the Van der Poel and Heuke­
lom and Klomp nomographs. Pell and McCarthy (3) reported that the general stiffnesses 
computed by Van der Poel compared reasonably well with those measured on actual 
samples. Monismith (4) also checked laboratory-determined stiffness values with both 
laboratory compacted samples and samples cut from in-service pavements. The re­
sults showed reasonable agreement with those determined from Heukelom and Klomp. 

Van der Poel (2) also independently checked the accuracy of his nomograph and con­
cluded that the difference in measured stiffness values of an asphalt and the stiffness 
obtained from the nomograph seldom exceeded a factor of 2. 

The concept of stiffness was introduced by Van der Poel ~) as follows: 

Stiff dul (s) tensile st1·ess 
ness mo us = ------

t otal strain 
(1) 

The nomograph for estimating the asphalt stiffness was derived by Van der Poel 
from experimental data from two types of tests: constant stress (static creep test in 
tension) and dynamic test with an alternating stress of constant amplitude and fre­
quency. 

Van der Poel's nomograph was modified slightly by Heukelom and Klomp (5), in that 
the stiffness is determined in kg/ cm2 instead of N/m3, and the lines for negaffve pene­
tration indexes are in a different location. This modified nomograph is shown in Fig­
ure 1. The determination of the asphalt stiffness from the nomographs published by 
Van der Poel and Heukelom and Klomp requires three parameters: loading time, test 
temperature minus softening-point temperature, and penetration index of the asphalt. 

The stiffness of the asphalt concrete mixture depends on the stiffness of the asphalt 
and the volume concentration of the aggregate. Heukelom and Klomp gave the following 
equation to estimate the stiffness of the asphalt concrete when the stiffness of the as­
phalt cement is determined from their nomograph (Fig. 1): 

(2) 

where 

n = 0.83 log10 ( 
4 

;..,, 
10

'} 

Sm1, stiffness of asphalt concrete mixture, kg/ cm2
; 

s.c stiffness of asphalt cement, kg/ cm2
; and 

cv = volume concentration of the aggregate. 

The volume concentration of the aggregate in a mixture is defined as follows: 

Cv = volume of compacted aggregate 
volume of (asphalt + aggregate) 

(3) 

This equation can be substituted by an equivalent equation (Eq. 4) by replacing the 
terms with values that can be measured on an asphaltic concrete core cut from a pave­
ment or a compacted laboratory sample . 

1 
Cv = 1 + C (4) 
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Figure 1. Nomograph for predicting the stiffness modulus of asphaltic bitumens (fil. 
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where 

C = (::) x (~) = (percentage of asphalt by weight of aggregate/ 100)(!), 

w, weight of asphalt, 
w1 = weight of aggregate, 
G. specific gravity of asphalt, and 
G

1 
specific gravity of aggregate. 
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The relation shown in Eq. 2 is applicable to well-compacted mixtures with about 3 per­
cent air voids. For mixtures with air voids greater than 3 percent, Draat and Sommer 
~) derived a correction to be applied to the Cv: 

where H = actual air voids - 0.03. 

c~ = _s_ 
1+ H 

(5) 

After a review of the literature and also personal contact with Van der Poel, it was 
found that no equation has been developed since the nomograph was first published in 
1954. As a result, a predictive mode was developed through the use of regression 
methods. The method selected was the stepwise regression because it was felt that 
this method provides the best selection of independent variables. The dependent vari­
able was chosen as the logia of stiffness because the stiffness varies over many orders 
of magnitude. The independent variables selected were loading time t, temperature 
of test minus softening-point temperature T, penetration index PI, log t, log T + 101, 
log PI+ 3, t2, T2, PI2, t3, T3, PI3, all two-way interactions of these variables, and other 
combinations of these factors' that seemed theoretically reasonable. 

As explained in Draper and Smith (7), the stepwise regression procedure starts with 
the simple correlation matrix and enters into regression the independent variable X 
most highly correlated with the dependent variable Y, logia (stiffness). Using partial 
correlation coefficients, it then selects as the next variable to enter regression that 
X-variable whose partial correlation with the response Y is highest, and so on. The 
procedure reexamines "at every stage of the regression the variables incorporated into 
the model in previous stages" (7). The program does this by testing every variable at 
each stage as if it had entered fast. 

The overall goals for the prediction equation were as follows: 

1. The final equation should explain a high percentage of the total variation (R2 
;:: 

0.98), 
2. The standard error of the estimate should be less than 0.20 (this value being a 

log) to ensure a small coefficient of variation, 
3. All estimated coefficients should be statistically significant with a ,,:; 0.05, and 
4. There should be no discernible patterns in the residuals. 

An attempt to characterize the entire nomograph with a single regression equation 
was first made. A large factorial grouping of data as shown in Figure 2 was taken 
from the nomograph in Figure 1. The data represent loading time from 10- 2 to 10-s 
sec, Pl from -2 to +2, and T ,.,, - T R&s from + 50 to -100 C. After many attempts to 
obtain a suitable prediction equation that met the goals listed, and after not being able 
to reduce the standard error of the estimate to an acceptable level, we decided to split 
the nomograph into two parts and fit a separate equation to each part. Almost all of 
the stiffness values of practical significance to a pavement design engineer are greater 
than the 10 kg/ cm2 of the asphalt cement. This is approximately 400 kg/ cm2 for a mix 
with Cv of 0.86, which equals about 5,700 psi. Therefore, a regression equation was 
derived using the data shown in Figure 2 with stiffness values less than 10 kg/ cm2, and 
another regression equation was built using all data that had stiffness values greater 
than 10 kg/ cm2

• Acceptable prediction equations were then obtained for each portion 
of the data that met all of the goals set for the regression equations. 

The following equations were obtained with the corresponding statistics: 
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1. For a stiffness value of 10-7 to 101 kg/ cm2, the prediction model is 

logia S = -1.35927 - 0.06743(T) - 0.90251 log(t) + 0.00038(T2
) 

-0.00138(T X log t) + 0.0066l(PI X T) 

where 

T = test temperature minus softening-point temperature, deg C; 
t = loading time, sec; and 

PI = penetration index. 

The corresponding statistics are R2 = 0.99, standard error of estimate= 0.1616, and 
n = 126 data points. The range of factors is PI = -2 to +2, T = + 50 to -100 C, and 
t = 10- 2 to 105 sec. 

2. For a stiffness value of 10 to 20,000 kg/ cm2
, the prediction is 

logia S = -1.90072 - 0.11485(T) - 0.38423(PI) - 0.94259 log(t) 

- 0.00879(T x log t) - 0.05643(PI x log t) - 0.02915(log t)2 

- 0.51837 X 10-3 (T2
) + 0.00113(PI3 x T) 

- 0.01403(PI3 x T3
) x 10- 5 

The corresponding statistics are R2 = 0.98, standard error of estimate = 0.1638, and 
n = 79 data points. The range of factors is PI = -1.5 to +2.0, T = +50 to -100 C, and 
t = 10-2 to 105 sec. 

(6) 

(7) 

The models were verified by plotting the stiffness values obtained from the nomo­
graph against the stiffness as calculated from Eqs . 6 and 7. The results shown in Figures 
3 and 4 indicate that the models are reliable. 

The following guidelines are given for using the equations to predict asphalt stiffness: 

1. Use Eq. 6 only to predict stiffness from 10-7 to 10 kg/ cm2
, and use Eq. 7 only to 

predict stiffness from 10 to 2 x 104 ltg/cm2
• The user should not employ predictions 

that fall outside of these limits. 
2. The ranges given for T, t, and PI should not be exceeded. It was found that Eq. 7 

values of stiffness obtained when the PI was -2 were not accurate enough, so use of the 
equation is limited to a PI of -1. 5 or greater. 

Equations 6 and 7 can be used to estimate the asphalt concrete stiffness using Eq. 2. 

LOADING TIME FOR ESTIMATING ASPHALT STIFFNESS 

Asphalt stiffness is partly dependent on the loading time. For traffic, the loading 
time can be physically measured or estimated; so far as temperature is concerned, the 
thermal loading time has been a question to be answered by engineering judgment. 
Most engineers have considered the thermal loading time as the time corresponding to 
the temperature interval, t:,,. T (Eq. 8), used for calculating the thermal stresses. 

Although this may seem logical initially, it does not appear that it actually is. In­
stead, thermal loading time is fictitious and depends mainly on the rate of temperature 
drop and the asphalt concrete mixture properties. This can be shown by using the ex­
perimental work performed by Monismith et al . (8). In this experiment, an asphalt 
concrete beam was subjected to a temperature drop, and the developed thermal stresses 
were measured. The properties of the mixture are given in Table 1. 

The specimens were subjected to a temperature drop from 75 to 35 F. The calcula­
tions were simplified by assuming the temperature drop to be linear (Fig. 5). A fac­
torial experiment was then designed for the estimation of thermal stresses under dif­
ferent loading times and temperature intervals (Fig. 6). Equation 8, after Hills and 
Brien ~), was used for the calculations: 



Figure 2. Factorial 
data obtained from 
nomograph (fil (in 
kg/cm2 ). 

Figure 3. Comparison 
of stiffness of asphalt 
obtained manually 
from nomograph and 
stiffness of asphalt 
predicted from 
regression Eq. 8. 
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Figure 4. Comparison of stiffness of asphalt 10• 

obtained manually from nomograph and stiffness 
of asphalt predicted from regression Eq. 9. 

Table 1. Asphalt concrete mixture properties. 

Property 

Recovered penetration at 77 F, 100 grams, 5 sec 
Recovered softening point, ring and ball, deg F 
Percentage of asphalt by wolghl of ngg1·~nte 
Average density of the compacted specimens, lb/ft' 
Average thermal coefficient of contraction, deg F 

'Estimated. 

Figure 6. Calculated thermal stresses (in psi) . 

C 
0 g 
.lr 

Value 

31" 
132" 
5.1 
152 
1.35 X 10-5 

~ <., 
~ (' °'Qj· .... .., ~ 

<,,_ .. .,. 
(> ~ 
~ . 

<',....,_ 
4,-: 

... 
,· 

IO' lo" 
Stiffness from Nomograph {Fig I), kg/cm2 

Figure 5. Measured and assumed asphalt concrete 
specimen temperatures for thermal stress 
calculations. 
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where 

T, 
a=a: L ~TxS(t,T11 ) 

To 

(8) 

a: 
S(t, T11) 

average coefficient of thermal contraction over the temperature range; 
stiffness modulus, at the midpoint of the temperature interval ~T and a 
loading time t ; and 

To and T, initial and final temperatures of the temperature drop. 

Figure 7 shows the results of the calculations. The figure seems to indicate the fol­
lowing conclusions: 

1. A temperature interval as large as 20 F will result in an acceptable approxima­
tion, and 

2. The choice of the appropriate loading time is more important than the tempera­
ture interval. 

Because of the preceding conclusions, a more rational approach for estimating the 
actual thermal loading time was developed and is summarized as follows: 

1. Estimate the average rate of daily pavement temperature drop from U.S. Weather 
Bureau reports. 

2. Experimentally determine the developed thermal stresses in an asphalt concrete 
beam in a reasonable period of time by subjecting it to the rate of temperature drop 
estimated in step 1. This can be performed by putting the asphalt concrete beam in an 
environmental chamber in the laboratory and using the technique described by Monismith 
et al . (8) or Tuckett et al. (10) or any similar technique. 

3. Calculate the developed thermal stress for the same temperature conditions (step 
2) by using different loading times. 

4. Plot the relation between the loading time and the corresponding thermal stress 
for the tested asphalt concrete mixture. 

5. Find the actual thermal loading time by locating the measured thermal stress 
(step 2) on the graph (step 4). 

The application of the method for the previous example is shown in Figure 8. The 
thermal stresses were calculated for different loading times at a temperature interval 
of 4 F. The measured thermal stress, 27.5 psi, was found on the vertical axis, and the 
actual loading time was estimated as 155 sec. By using this value of loading time, a 
comparison was made between the calculated and measured thermal stresses (Fig . 9) . 

In the same figure, the thermal stresses calculated by the conventional method 

(1 d. t· t otal time 450 ) h oa mg · 1me b f . t = sec are s own. 
nwn. er o m ervals 

Figure 9 shows the following: 

1. When the difference between the assumed and the actual specimen temperatures 
is recognized, it is obvious that the agreement between the measured and calculated 
thermal stresses (based on the proposed method for estimating the thermal loading 
time) is good. At the beginning of the test, where the actual rate of temperature drop 
was higher than the assumed value, the observed rate of thermal stresses buildup was 
also higher than the calculated rate. However, at the end of the test, the reverse was 
true . 

2. The maximum thermal stress calculated by the conventional method is almost 
half the measured value in this example. 

Generally speaking, the conventional method can predict different values of thermal 
stresses depending on the engineering judgment in choosing the size of the temperature 
interval. 
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Figure 7. Maximum thermal stresses for a linear temperature drop of 
75 to 35 F in 4,500 sec. 
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IN-SERVICE AGING OF ASPHALTS 

In the previous sections, a model was developed to estimate the stiffness of asphalt, 
knowing its penetration and softening point. In this section, the history of penetration 
and softening point is investigated, and models to estimate the aging effect are developed. 
The intention is to use these models in conjunction with the asphalt stiffness model to 
estimate the stiffness of asphalt concrete mixtures as a function of temperature, loading 
time, and age. 

Sources of Data Used in Developing the Asphalt Aging Models 

In developing the models, a stepwise regression computer program (11) was used. 
An extensive search was conducted for projects all over the United States where asphalt 
hardening studies had been conducted. The data from these projects were difficult to 
correlate and use because different asphalt properties were measured at each one. The 
locations and the references used in developing the penetration and the softening-point 
aging models are as follows: 

1. Penetration-California (8, 12, 13, 14), Delaware (15), Utah (16, 17), and Penn-
sylvania (18); and - - - - - - -

2. Softening point-California @, 12, E, 14) and Delaware (15). 

Penetration Aging Model 

The purpose of developing the model is to predict the penetration of the in-service 
asphalt (at any time after construction) from the ordinary laboratory measurements. 
An acceptable prediction equation was obtained using the stepwise regression technique. 
The following is the equation with the corresponding statistics: 

Pen (time) = -48.258 - 2.561-v'TIME + 0.1438 (OPEN) - 8.466 (VOID) (XTIME) 

+ 1.363 (TFOT) + 0.9225 (OPEN) (XTIME) (8) 

where 

time = time placement of the asphalt concrete mixture, months; 
XTIME = 1/hfTIME + 1); 

OPEN = original penetration, 100 grams, 5 sec, 77 F; 
VOID = initial percentage of voids in the asphalt concrete mixture (preferably 

after mixture placement and compaction); and 
TFOT thin-film oven test, percentage of original penetration. 

The corresponding statistics are number of cases, 93; number of variables in the model, 
5; mean of the dependent variable (penetration), 49. 5; standard error for residuals, 13.1; 
coefficient of variation, 26.51 percent; multiple R, 0.922; and multiple R2

, 0.85. 
This model is valid only for the following ranges of the different variables: time, 1 

to 100 months; original penetration, 60 to 240; percentage of voids, 3.8 to 13.6; and 
TFOT (original penetration< 100), 55 to 70 percent; (original penetration 100 to 175), 
45 to 70 percent; and (original penetration> 175), 30 to 70 percent. 

The model explains 85 percent of the variability of the dependent variable (penetra­
tion). 

Also, the model shows a coefficient of variation of 26.5 percent. This value resulted 
not only from a lack of fit but also from unexplained errors (measured errors, human 
variations, replications, etc.). Welborn (19) reported that, in some projects where the 
mean penetration was 46. 7, the standard deviation reached 17.6, which gives a coeffi­
cient of variation of about 38 percent. 

Figure 10 shows the relation between estimated and measured values of penetration 
for the 93 cases used to predict the model. The effect of the variation of each of the 
individual factors in the model (Eq. 8) is discussed in the following paragraphs. 

With both the initial voids (9 percent) and the TFOT (60 percent) as constants, Fig­
ure 11 shows the decrease of penetration with time for five different original penetration 
values. From the figure, the following observations can be made: 



Figure 9. Comparison between 
measured and estimated tensile 
thermal stresses. 
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1. The higher the original penetration is, the higher the rate of initial hardening 
(Fig. lla ) is; 

2. The rate of hardening decreases considerably with time for all values of original 
penetration (Fig. lla); and 

3. The penetration at a given time is a linear function of the original penetration 
(Fig. llb). 

Based on an original penetration of 100 and a TFOT of 60 percent, Figure 12 shows 
the effect of five levels of voids on asphalt hardening. The higher the percentage of 
voids is in the asphalt concrete mixture, the higher is the hardening of the asphalt. 
Vallerga and Halstead (20) concluded the following: "In pavements of below 2 percent 
voids, field aging duringl.1 to 13 years appeared to have been negligible. Above this 
level, hardening increased with air voids." 

Field observations have shown a direct correlation between the percentage of original 
penetration from the TFOT and the percentage of original penetration after field mixing. 
In addition, laboratory results from different asphalts have shown that the higher the 
original penetration is, the lower the percentage of original penetration after the TFOT 
is. Therefore, the developed penetration model was used to analyze the behavior of 
two different asphalts having different original penetrations under different TFOT per­
centages (Fig. 13). As expected, more hardening occurred during the mixing process 
for asphalts exhibiting a lower percentage of original penetration after the TFOT. 

Softening- Point Aging Model 

The purpose of this model is to predict the softening point of the in-service asphalt 
(any time after construction) from the ordinary laboratory measurements. An accept­
able prediction equation was obtained using the stepwise regression technique. The 
following is the equation with the corresponding statistics: 

where 

TIME 
ORB 

TFOT 

TRB (TIME) = -4.632 + 3.162 TIME+ 1.585 (ORB) -0.93 (TFOT) 

time from placement of the asphalt concrete mixture, months; 
original ring and ball temperature, deg F; and 

= thin-film oven test, percentage of original penetration. 

(9) 

The corresponding statistics are number of cases, 49; number of variables in the model, 
3; mean of the dependent variable, 134.4; standard error for residuals, 4.8; coefficient 
of variation, 3.6 percent; multiple R, 0.93; and multiple R2, 0.87. 

This model is valid only for the following ranges of the different variables: time, 1 
to 100 months; original ring and ball temperature, 99 to 12 5 F; and TFOT, 30 to 70 percent. 

With only three variables in the model, the multiple R2 = 0.87 indicates that the model 
is satisfactory. It can be seen that the voids did not enter the final model, which can be 
explained by the fact that the 49 cases have percentages of voids that are relatively high. 

A plot of measured versus estimated values of the softening point for the 49 cases 
used to predict the model is shown in Figure 14. 

The behavior of the model for different values of each factor in the mathematical 
equation was studied by programming the model and varying the factors one at a time 
with the others held constant. Figure 15 shows the increase of softening point with 
time for three different original softening points (100, 110, and 120 F) and a constant 
value of TFOT (60 percent). 

Figure 16 shows the same concept for three different values of TFOT (40, 50, and 
60 percent) and a constant initial softening point (110 F). 

Factors Considered But Not Used in the Final Models 

For different reasons, several variables were considered but not used in the final 
models (Eqs. 8 and 9). 

Climatography Factors-The following factors were considered: solar radiation on 
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annual basis, wind velocity, number of days > 90 F, average annual temperature, and 
average annual daily range of temperatures. 

The most significant environmental variable that showed a high correlation with as­
phalt hardening was the solar radiation. However, because of the limited number of 
geographical locations, it was decided not to include it in the final models, but it should 
be considered in future investigations. 

Inverse Gas-Liquid Chromatography-IGLC is a new technique developed by Davis 
et al. (21). In this test, the asphalt is absorbed on the surface of an inert support and 
placed in a chromatography column. Different chemical test compounds are injected 
individually into the column. Based on the retention time for a nonreactive material 
of the same molecular weight as the test compound, a parameter known as the interac­
tion coefficient (Ip) is computed. The higher the value of Ip is, the higher is the reac­
tion of the test compound with the asphalt. An extension of this technique was intro­
duced by Davis and Peterson (22). The extension suggests the oxidation of the asphalt 
in the chromatography column before injecting the chemical test compounds. 

In developing both asphalt hardening models (penetration and softening point), Ip re­
sulting from injecting phenol into oxidized asphalt showed extremely high correlation 
with asphalt hardening. The IGLC test values were not included in the final aging models 
because of the shortage of test locations where the test was performed. The IGLC is 
believed to hold a promise for improved prediction of asphalt hardening and thus should 
be given attention in future research studies. 

Asphalt Components-The five components of asphalt are asphaltness A, nitrogen 
bases N, first "acidaffins" Al, second acidaffins A2, and paraffins P. The ratio (N + 
Al)/(P + A2) was proposed by Hostler to express the ratio between more reactive com­
ponents to the less reactive ones. None of the variables showed a significant correla­
tion with asphalt hardening (penetration and softening point). Gotolski et al. (18) con­
cluded the following about asphalt components: "In the overall picture, the asphaltene 
content or that of any of the other single components does not determine the perfor­
mance of asphalts." 

Percentage of Asphalt-The percentage of asphalt in the asphalt concrete mixture 
showed a correlation with asphalt hardening whenever it was considered without con­
sidering the effect of the percentage of air voids in the mixture. However, whenever 
the percentage of voids enters the models, the percentage of asphalt loses its signifi­
cance. This is logical because the percentage of voids and percentage of asphalt are 
known to be related to each other. 

Asphalt Viscosity-Viscosity is not included in final aging models because asphalt 
viscosities were determined under different conditions for all the projects used to de­
velop the models, and it was difficult to match the viscosity results from all the proj­
ects. A specific viscosity test and test conditions should be established and specified 
for future studies. 

Penetration Index-The penetration index suggested by Pfeiffer and Van Doormaal 
(23) correlated with asphalt hardening. However, because of the limited range of the 
penetration indexes reported in the different projects, this factor was omitted from the 
final models. 

PREDICTION OF ASPHALT CONCRETE STIFFNESS 

The usefulness of the system can be shown by estimating the asphalt concrete stiff­
ness at the normal monthly average air temperatures, for a period of 5 years (starting 
from the month of July), for the cities of El Paso and Los Angeles. It should be noted 
that using the air temperature for the calculations is misleading because the asphalt 
concrete temperature is different from the air temperature (1). However, the purpose 
of this example is to illustrate the use of the system only. -

The asphalt concrete properties and loading time used for the calculations are given 
in Table 2. The normal monthly average air temperatures for the cities of El Paso 
and Los Angeles are given in Table 3. Figure 17 shows the results of the calculations, 
from which one may conclude the following: 

1. There is a sudden increase in the modulus during the first month, mainly because 
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of the hardening of asphalt that occurs during the mixing process; 
2. The range of the annual stiffness variation is different among locations, depending 

on the annual temperature range; 
3. Considering a single stiffness value for the purpose of design of an asphalt con­

crete surface is inadequate; 
4. Because low stiffness is the most critical for traffic loads, the asphalt concrete 

stiffness during the first July after construction is the one to be considered; and 
5. Because high stiffness is the most critical for temperature, the asphalt concrete 

stiffnesses during December and January, several years from construction, are the 
ones to be considered. 

SUMMARY AND RECOMMENDATIONS 

In this research effort, a system for predicting asphalt concrete stiffness history 
has been developed. The main constituents of the system are the asphalt concrete 
stiffness and aging models. The objective of the system is to help analyze the dif­
ferent modes of distress in asphalt concrete surfaces. The system has been utilized 
in predicting low-temperature and thermal-fatigue cracking due to daily temperature 
cycling (1), and it has shown a good degree of reliability. 

In adclition, it is recommended that the system be used in conducting the following 
studies: 

1. The establishment of a rational specification for asphalt concrete mixture de­
sign, 

2. The provision of a tool to differentiate among the different asphalt sources in a 
particular location, and 

3. The advancement of the fatigue distress studies due to traffic loads (24). 
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