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-ABSTRACT 

In the recent years an important trend has been established towards 
the use of heavier highway md aircraft wheel loading. The high axle 
loads lead to excessive permanent deformation in asphalt pavements, 
especially at high temeratures in hot regions. 

The main objective of this research is to study the effect of test 
temperatures on the creep behavior of asphalt concrete mixtures. 
Dynamic creep test was used for this purpose. Creep strain, mix 
stiflkess modules and rate of deformation were obtained as a function 
of axial applied stress and/or test temperature. 

It is concluded that the creep strain, rate of deformation 'and mix 
stiffness modules depends upon the bitumen stifhess, and influenced 
proportionally by variation of test temperature. 
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-INTRODUCTION 
A major concern today in many countries is excessive permanent 

deformation (rutting) in heavy duty asphalt-concrete pavements 
resulting from frequent repetitions of heavy axle loads. 

Viscoelastic behaviour of asphalt concrete mixes can be investigated 
in the laboratory through determining the stiflkess, strength, resilience 
and deformation properties of compacted specimens at various 
conditions of temperature, load levels and loading rates. 

Manuscript received from Dr: Dr. Saad El-Hamrawy at: 10/ 511998, 
accepted at: 301 Gl1998, 
Engineering research bulletin, Vol. 21, No. 2,1998, 
Menoufiya University, Faculty of Engineering, 
Shebin El- Kom, Egypt, ISSN. 1110-1180. 



Temperature has been found to have a significant effect on 
permanent deformation . Rutting determined fiom test - track 
measurements showed that rut depth increased by a factor of 2% to 
350 with a temperature increase from 20 to 60 O C  [I]. Permanent 
deformation can be controlled by optimization of the asphalt mixture 
and the pavement condition and by optimization of the design of 
heavy duty trucks. Also, it was found that wheel load and tire 
inflation pressure have a strong influence on rutting [2]. 

The creep test (uncodmed or confined) has been used to measure 
mixture characteristics for a variety of predictive methods. Among its 
users have been researchers at the SHELL laboratory in Amsterdam. 
They have conducted extensive studies using the unconfined creep test 
as a basis for predicting rut depth in asphalt pavements [3,4,5]. 

The main objective of this research is to study the effect of test 
temperature on the creep behaviour of asphaltic concrete mixes. The 
repeated load test was used for this purpose. 

-BACKGROUND: 
Asphalt pavements experience service conditions in the field which 

include simultaneous different temperatures, different load levels as 
well as loading rates and different loading fi-equencies. These service 
conditions make the asphalt pavement mixtures undergo cyclic 
changes in the stiffhess, strength, resilience and deformation . The 
cyclic changes may lead to fracture or permanent deformations. 

The compression creep tests can be used for investigating the 
deformation properties, and can be classified into three types, 
STATIC-, DYNAMIC- and IMPELS creep tests. A detailed 
description of the compression creep tests for asphaltic concrete 
mixtures has been given by VAN DE LO0 [6]. . 

Static creep test is the most widespread one for determining material 
properties for predictive analysis because of its simplicity and the fact 
that many laboratories have the necessary equipment and expertise [7]. 

A variety of loading systems has been .used to measure mixture 
response in repeated loading, ranging from simple mechanical systems 
to more complex elector-hydraulic systems [8, 91. More sophisticated 
systems generally include a testing chamber that permits carehl 
control of temperature as well as the applkation of repeated load 
confining pressure coordinated with the vertical repeated load. Such 
equipment may have the following capabilities: 



1 .Applying repeated axial and lateral stress pulses ranging from 0.0 1 
to 1.0 seconds; 
2.Applying the axial stress in tension or compression; 
3 .Incorporating rest periods between stress pulses, ranging &om zero 
to several seconds; 
4.Controlling temperature within a tolerance of 0.1 "C. 

Repeated load tests appear to be more sensitive to mixture variables 
than static creep tests. For example, on the basis of shell creep tests, 
an increase in the asphalt content of a particular mixture &om 4.5 to 
5.5% should not have a significant effect on the rut depth, while the 
results of repeated load tests on the same mixture indicated that such 
an increase in asphalt content could increase the rut depth by 16% 
[lo]. 

-CREEP BERAVIOUW OF ASPHALTIC CONClRETE 
MIXTURES: 

Asphalt pavements experience some amount of instantaneous elastic 
strain when they are loaded. If the applied stress is more than the 
elastic limit, an additional plastic strain is developed. If the load is 
removed after a short time, only the elastic strain will be recovered, 
while the plastic strain will be remained. 

If the load is applied for a significantly long period of time, 
viscoelastic strain (creep strain) will be developed. If the load is 
removed at any time, only part of the creep strain will be recovered, 
while the remaining creep will be a permanent strain. Fig. (1) shows a 
schematic diagram of the time (Load repetitions) strain relationship for 
a sample of asphalt mixes loaded below the elastic limit. As shown 
from the figure, the creep strain CCV~ be divided into three stages. In the 
first stage, the rate of creep strain is maximum at the beginning and 
decreases with time. In the second stage, the rate of strain remains 
constant. Finally, at the third stage, the rate of creep strain increases 
significantly until creep reputure occurs. 

-MATERIALS AND TESTING PROGRAM 

All experiments described in this research were performed on 
cylindrical Marshall test specimens of asphaltic concrete mixes which 
meet the German specifications ZTV Asphalt stB 94. The laboratoiy 
compacted Marshall specimens were prepared from one type of 
aggregate *(granite from Pliesskowitz), has 1 1.0 mm ~naximum size . 
The aggregate gradation is presented in Fig.2 . The experimental 
testing program is illustrated in Tab. I .  The properties of the asphalt 



cement and the asphalt concrete mixtures are presented in Tab.2 and 
Tab.3 respectively. 

The dynamic creep test was the principal experiment utilized to 
evaluate the influence of test temperature on the behaviour of asphaltic 
concrete mixes. The dynamic creep tests were performed on the 
laboratory compacted asphaltic concrete at different five temperatures 
40, 45, 50, 55 and 60 "C. Three experiments were performed on the 
test specimens under identical conditions. For all experiments, a 
different axial stress levels were utilized to evaluate the viscoelastic 
response of the material. The axial stress levels were 0.4, 0.5, and 0.6 
N/mm2. The dynamic creep test was performed for most specimens to 
150,000 load repetitions (4 hours and 10 min.). Some specimens, 
which tested at low temperature were stayed until 500,000 load 
repetitions. 

The pre-pressure @re-stress) and the test frequency were constant 
for all tests and equal 0.01 N/mm2 and 10 Hz respectively. All tests 
were pefiomed under isothermal conditions with a maximum 
temperature variation of k0.5 O C .  During the repeated creep test, the 
axial load F (axial stress) was constant, while the creep strain (s) 
increased until failure ( Fig.3). The axial deformation of the asphaltic 
concrete specimens was measured as a function of the time or load 
repetitions. The relationship between the number of load repetitions 
and vertical deformation or vertical strain can be automatically 
obtained by using a computer program DGM as shown in Fig. 1. 

Fig.1:Relationship between Load Wepititions (N) and Vertical 
Deformation (s). 
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Fig. (2) : Aggregate Gradation of Asphalt Mixture 

Tab. - 1 : Experimental Testing Program 
Type of Asphalt A C , %  Test Temp. "C 
AC 60-70 (B65 -German spec.) 5.6 5 0 

AC 85 (B80 -German spec.) - 

Softening point, Ring and Ball 
Ductility at 25 " C 

1 .03 1.02 

Tab. 2: Asphalt cement characteristic 

Asphalt content 

6.2  
5.9 

Property 
Penetration at 25 O C, ( IllOxnm) 

50 
5 0 

B65 
6 1 

B80 
78 



-DESCRIPTION OF THE TEST METHOD : 

An asphalt concrete specimen with flat and parallel ends is placed 
between two hardened steel platens, one of which is fixed and the 
other movable. The specimens ends must be lubricated to prevent the 
platens fkom laterally constraining the specimen and to provide a 
uniform stress distribution. A constant load is placed on the movable 
platen, and the deformation of the specimen is measured as a function 
of time. The temperature is kept constant during the total test time. 
The test machine for creep test (static, dynamic md impels) is shown 
in Fig. 4. Strain, measured as a function of the loading time (t) at a 
fixed test temperature (T), is the usual test output. 

Fig.3:Relationship between Load Wepititions (N), Axial Load (F) and 
Vertical Deformation (s) 



To analyze the effect of test temperateare on the behaviour of 
asphaltic concrete mixtures under- repeated loads, some mix proper-ties 
were determined as follows: 

I) Creep strain (5;) : Cre s h i n  can be obrained direcd y as ra test 
result or calculated from the folZoavimg equation: 

3) Rate of deformation : Tt is the slope of -time deformation c u m  in 
linear region (Fig.2). 

3) Mix stiffness modules : S = (GO . Nf )/ c.f [N/nlm2] 
where : 

Ah =deformation at time t (~ntn); 
h = thickness of specimen (rnm); 

ao=applied stress (N/mrn2); 
Nf= number of load repetitions at failure (-); 
~f = strain at failure (0100). 



Creep strain , rate of defo~mation and mix stiffness modules are 
calculated in linear region at 20,000 load repitetions (LR) . 

Creep Strain Related to Load Repetitions: 

Fig. 5 shows the effect of load repetitions on creep strain at various 
test temperatures . It should be noted that the three cuwes of 40,45 
and 50 "C are parallel, while at 55 and 60 "C test temperature, the 
increase in creep strain is more significant and the failure is faster. 
This mean that in hot regions , the increase of pavement temperature 
more than 50 "C lead to more creep strain and consequently the 
permanent deformation or rut depth increases ( the creep failure is 
faster). 
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Fig. (5) : Effect of Load Repetitions on Creep Strain as A function 
of Test Temperature. 

Moreover, at the same test temperature, the creep strain increases as 
the viscosity of asphalt decreases ( Values of creep strain for mixes 
with B80 is higher than their values for mixes with B65). 

Creep Strain Related to Test Temperature: 
The relationship between the applied axial stress and creep strain as 

a function of test temperature at 20,000 load repetitions is shown in 
Fig.6 . It should be recognized that for the same mix, the creep strain 
significantly increases as the test temperature increases . For example, 
at 40 "C test temperature, the creep strain various between 14 to 17 .I.. 
, while at 60 "C test temperature, the creep strain increases from 20 to 
27 .I.. according to the axid applied stress. This may be return. to the 



asphalt binder which coates the aggregate particles is more liquefy at 
high test temperatures ( bitumen viscosity decreases) and lead to loss 
of stability and gain in flow values as well as creep strain . Moreover, 
at the same test temperature, the creep strain increases as the axial 
applied stress increases. Also, effect of increasing axial stresses 
depends upon test temperature. For example , increasing the axial 
stresses from 0.4 to 0.6 N/rnm2 , increases the creep strain by 21% at 
40 OC and by 35% at 60 OC. Increasing both temperature from 40 to 60 
OC and axial 
stress from 0.4 to 0.6 N/mm;! lead to increase in creep strain by more 
than 100%. 
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Fig. (6) : Relationship between Creep Strain and Applied Stress 
as A function of Test Temperature. 

Rate of Deformation Related to Test Temperature: 
Fig.7 shows the relationship between the axial applied stress and 

rate of deformation as a function of test temperature at 20,000 load 
repetitions. It should be noted that the rate of deformation increases as 
the test temperature and/or applied stress increases. By increasing the 
axial stress from 0.4 to 0.6 N/mm2 at 40 OC test temperature, rate of 
deformation increases from 3 to 18%, while at 60°C test temperature, 
the increase of rate of deformation lies between 21 to 27% according 
to applied stress. This mean that, larger wheel loads and larger tire 
inflation pressures increase the rate of deformation of asphalt concrete 
mixes at all temperatures. 
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Fig.(7) : Relationship between Rate of Deformation and Axial 
Stress as A function of Test Temperature. 

Fig. 8 shows a relation between mix stiffness modules and rate of 
Deformation . From this regression analysis, it is noted that the rate of 
deformation decreases as the mix stiffhess modules increases. This 
mean that harder asphalts should be used in hot regions to reduce the 
rate of permenant deformation .The relation between mix stiffness 
modules (X) and rate of deformation (Y) is as follows: 

Mix Stiffness Modules related to Test Temperature: 

Fig9 gives a relationship between mix stiffhess modules and axial 
stress as a function of test temperature. It is noted that increasing test 
temperature lead to a significant decrease in the stiffness modules of 
asphalt mixtures. According to equation (I), the mix stiffness 
modules is a function of axial applied stress at failure, creep strain at 
failure and number of load repetitions at failure. At a constant applied 
stress, as the test temperature increases the number of load repetitions 
at failure decreases and the creep strain at failure increases and 
consequently the stifhess modules decreases. Also, at a constant test 
temperature, by increasing the applied stress the number of load 
repetitions at failure decreases and the creep strain at failure increases 
and the final result is decrease in the stifhess modules. 
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Pig.(S):Regression Analysis between Mix Stiffness Modules and 
Rate of Deformation. 

Applied Stress (N/mm2) 
Fig. (9) : Relationship between Mix Stiffness Modules and Axial 
Stress as A function of Test Temperature. 



Moreover,mix stiffness modules is almost directly proportional to the 
stif6ness modules of bitumen ( Fig.10). The stiffness modules of 
bitumen can be predicted using the VAN DER POEL nomograph [l 11. 
This modules depends upon loading time, temperature and penetmtion 
index of binder. 

/ Linear Regression 

O.OE+O 2.OE+6 4OE+6 6.OE+6 8.OE+6 l.OE+7 
Bitumen Stiffness (NIm2) 

Fig.(lO) : Regression Analysis between Mix Stiffness Modules and 
Bitumen Stiffness. 



CONCLUSION 

1. Larger viscosity asphalts make the mixture less stiff and, therefore, 
more susceptible to permenant deformation, harder (more viscous) 
asphalts should be used in thicker pavements in hotter climates. The 
increase of pavement temperature more than 50 O C  lead to more creep 
strain and consequently the permanent defo~mation or rut depth 
increases ( the creep failure is faster). 

2. The binder content influences the mixtures ability to resist 
permanent deformation. Larger binder contents increase creep strain 
and subsequently rutting potential. 

3. For the same mix, creep s&ain increases as the test temperature as 
well as axial applied stress increases .Increasing both temperature 
from 40 to 60°C and axial stress from 0.4 to 0.6 N/mm2 lead to 
increase in creep strain by more than 100%. 

4. larger wheel loads and lager tire lnflation pressures increase the 
rate of deformation of asphalt concrete mixes at all temperatures. Rate 
of deformation decreases as the mix stiffness modules increases. So 
that, harder asphalts should be used in hot regions to reduce the sate of 
permenant deformation .The relation between mix stiaess modules 
(X) and rate of deformation (Y) is as follows: 

Log (Y) = -0.29 Log (X) + 5.32 
5. At a constant applied stress, as the test temperature increases the 
number of load repetitions at failure decreases and the creep strain at 
failme increases and consequently the stiffhess modules decreases. 
Also, at a constant test temperature, by increasing the applied stress 
the number of load repetitions at failure decreases and the creep strain 
at failure increases and consquently the stiffness modules decreases. 
Moreover, mix stifhess modules v )  is almost directly proportional to 
the s t f iess  modules of bitumen (X') as follows: 
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