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ABSTRACT 
Civil engineers usually encounter the time-dependent behavior of materials in tunneling, road-building, mining and dam construction
projects. The behavior of asphalt concrete material used in the construction of asphalt concrete core dam is the focus of this paper. In
this research, a viscoelastoplastic constitutive model utilized to predict the material response for a given loading history. A series of
creep tests with the variety of constant loads were implemented to extract the model parameters. The predicted response from the
viscoelastoplasic model was compared with the measuerd data from a repeated loading test to evaluate the efficiency of the model for
the prediction of the real behavior of material. 

RÉSUMÉ
Dans les projets de tunneling, de construction de chaussées et de barrages, les ingénieurs civils font généralement face aux 
comportements des matériaux qui se manifestent avec le temps. Le comportement des matériaux béton bitumineux utilisés dans la
construction des barrages de béton bitumineux est le l’objectif de cet article. Dans cette recherche, un modèle viscoelastoplastique est 
utilisé pour prévoir la réponse des matériaux, pour donné à l’histoire de chargement. Un ensemble des preuves de fluage, avec  la
variété des chargements constants, on été mis en œuvre pour extraire des paramètres do modèle. La réponse prévue par le modèle de 
la viscoelastoplastique a été comparée avec les données mesurées d’un essai de chargement répété  afin d’évaluer l’efficacité du
modèle pour prévoir le comportement réel des matériaux.    
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1 INTRODUCTION 

In many construction materials used in civil engineering plastic 
and viscous properties are usually coupled with elastic 
properties. Asphalt mix exhibits a viscoelastoplastic behavior 
and the contribution of the different constitutive components 
depends on the temperature, pressure and loading rate. 
Researchers have adopted different modeling approaches to 
identify the hot mix asphalt (HMA) response under various 
loading and environmental conditions. The experimental 
observation reported by (Perl et al. 1983) and later by other 
researchers, suggests that the total strain for a viscoelastoplastic 
material has recoverable and irrecoverable components. 
(Abdulshafi and Majidzadeh 1983) considered the irrecoverable 
components into one and the recoverable components to 
another, namely, a viscoplastic and a viscoelastic component, 
respectively. (Sides et al. 1985) developed a constitutive law for 
sand-asphalt mixtures subjected to compressive and tensile 
loading. The residual strain was decomposed into viscoelastic, 
plastic, and viscoplastic components. The plastic component 
was modeled using a power law function of stress and number 
of load repetitions. The viscoplastic component was represented 
by a product of power law function of time and stress. In an 
attempt to characterize HMA behavior under cyclic loading, 
(Sousa and Weissman 1994) improved the nonlinear visco-
elastic model by including an elastoplastic component using the 
associated J2-plasticity (Von Mises yield surface) with isotropic 
and kinematic hardening. Their conclusion was to employ a 
rate-independent elasto-plastic constitutive law to model HMA. 
(Seibi et al. 2001) developed an elasto-visco-plastic constitutive 
model for HMA under high rates of loading using uniaxial and 
triaxial compression experiments with different temperatures. 

The nonlinear viscoelastic-viscoplastic model by (Saadeh et al. 
2007) included the anisotropic behavior which was incorporated 
in both the viscoelastic and viscoplastic components. 

This paper presents the characterization of HMA behavior 
under repeated loading with constant strain rate using a linear 
viscoelastic-viscoplastic model. 

2 CONSTITUTIVE MODEL DEVELOPMENT 

The modeling strategy adopted in viscoelastoplastic (VEP) 
model is based on the strain decomposition principle as 
described below: 

2.1 Strain decomposition 

The strain decomposition approach involves decomposition of 
total strain resulting from loading of asphalt concrete specimens 
into its components and modeling the components separately. 
Figure 1 shows these components in a creep and recovery test. 
Results of experiments have shown that asphalt mixture 
deformation consists of recoverable and irrecoverable 
components that some of them are time-dependent and some are 
time-independent. In general the total strain can be decomposed 
into four components and can be expressed as follows: 

vppvee
εεεεε +++=  (1) 

Where  =total strain; e =elastic strain, which is recoverable 
and time-independent; ve =viscoelastic strain, which is 
recoverable and time-dependent; p =plastic strain, which is 
irrecoverable and time-independent; and vp =viscoplastic strain, 
which is irrecoverable and time-dependent. 
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Figure1. Schematic representation of the various strain components in a 
viscoelastic-viscoplastic material under a creep/recovery test 

The instantaneous response is time-independent and 
includes both elastic and plastic components. Most of the time, 
because of the deficiency of the test setup, it is impossible to 
separate these components from the time-dependent responses. 
For the sake of simplicity, the recoverable components (elastic 
and viscoelastic) are combined and referred to viscoelastic 
response, and the irrecoverable components (plastic and 
viscoplastic) are combined and referred to viscoplastic response. 
Therefore the total strain can be written as in Equation 2.  

vpve
εεε +=  (2) 

2.2 Linear viscoelastic model

The model used to predict the viscoelastic properties is based on 
the Schapery’s 1996 theory. For a linear viscoelastic material 
under a constant creep deviatoric stress, the creep compliance 
J(t) can be calculated as: 

σ

ε )(
)(

t
tJ

ve

=
 (3) 

Where ve is the viscoelastic strain in the direction of 
applied deviatoric stress, and is the constant creep stress. The 
1D linear viscoelastic (VE) response developed by (Schapery 
1996) can be described in the form of convolution integral as in 
Equation 4: 
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Consequently, using Equations 3 and 4, if the response of a 
material to step stress has been determined experimentally, the 
response to any (not complicated) stress history can be found 
for the purpose of analysis or design. 

The common way to analytically represent the linear 
viscoelastic response of asphalt mixtures under creep loading 
has been the pure power law (PPL); J(t) = A tn (Kim et al. 
1995). The general power-law function follows the polynomial 
form: f(x)=axk where a and k are constants. 

2.3  Viscoplastic model 

Fundamental strain hardening relationships, proposed by (Uzan 
1996), serve as the basis for developing the theoretical 
formulation for characterizing the viscoplastic behavior of 
HMA. The viscoplastic (VP) model suggested by Uzan is: 
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Where p, q and Y are material constants. To determine these 
values for a specific HMA, the viscoplastic strain must be 
known for different stress levels and loading times. The 
viscoplastic strain can be determined from the creep and 
recovery test by measuring the permanent strain after the 
complete recovery of the material. 

2.4  Viscoelastoplastic model 

In the previous sections, the viscoelastic and viscoplastic model 
were developed separately. Those model can now be integrated 
whereby the predicted VE and VP responses are added to obtain 
the total strain for a given stress history. This integrated model 
is referred to as the viscoelastoplastic (VEP) model. Combining 
Equations 4 and 5, the resulting VEP model predicts the total 
strain history for a general loading history: 
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3  MIX DESIGN 

Standard asphalt concrete core mix design criteria has been 
developed and, with relatively small variation, used for most of 
recently built asphaltic core dams (ICOLD 1992). The 
aggregate composition complies with Fuller’s gradation curve 
improved with a fine grain component smaller than 0.075mm 
(filler material). Fuller curve is approximated by the Equation 7: 

%100*)( 41.0

maxd

d
P i

i =
 (7) 

Where Pi  is the percent by weight of grains smaller than the 
equivalent grain size dimension di,, and dmax is the maximum 
nominal grain size. Cylindrical HMA specimens with 7cm 
diameter and 14cm height were fabricated for repeated uniaxial 
test. According to ASTM–D5311-92, the largest particle size 
should be smaller than 1/6 the specimen diameter. With regard to 
this limitation, particles larger than 9.5mm were removed, and 
gradation was adjusted to maximum nominal grain size 9.5 mm. 
Mix volumetric and gradations are tabulated in Table 1.  

Table 1. Properties of the asphalt mix and aggregates 

Sieve 

Size(mm) 

Percent 
Passing 

Mix 

9.5 100 Average percent air 
void 

4

6.7 86.66 Binder grade Bitumen 85-100 
4.75 75.26 Binder content (%) 6 
2.36 56.50 Specific gravity 2.39 
1.18 42.52 Aggregate Granite 
0.6 32.22 

0.425 27.97 
0.3 24.25 

0.15 18.26 
0.075 13.74 
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3.1  Sample fabrication

The dry aggregates and added filler, in accordance with the 
appropriate weight proportions related to volume of the mold, 
were preheated for 24 h at 150ºC. The bitumen was preheated 
for 2 h at 140ºC. At a temperature of between 140 and 150ºC, 
the mixture was placed and compacted in a preheated 
cylindrical mold. A lubricant consisting of a mixture of talc, 
dextrin and glycerin was used to the inside surface of the mold 
to prevent sticking of the bituminous mixture. After compaction 
and cooling, the specimen was taken out of the mold, and 
trimmed with a saw to the determined length. The bitumen 
content of Miduk dam, an asphalt concrete core dam in Iran, 
asphalt core is 7.5-8 percent of total weight. Density and air 
void of the prepared specimens were measured and the results 
showed that the specimens with 6 percent of bitumen have the 
maximum density and the specimens with 8 percent of bitumen 
have the minimum air void content. The Rice method used to 
measure the air void. All the specimens for testing were 
prepared with the same mix with bitumen content of 6 percent 
of the total weight.  

Compaction of the repeated uniaxial test specimens was 
achieved under the impact of a 4.5kg hammer, falling from a 
height of 457 mm (standard Marshall Hammer). In this 
procedure asphalt concrete mix was compacted in 3 consecutive 
layers, each originally approximately 60 mm thick. Each layer 
was compacted by 30 blows of the prescribed hammer (Hoeg, 
1993). The specimens for creep test were prepared in a mold 
with 102 mm diameter with 64 mm height in one layer, with 55 
blows on each face.  

4 TEST RESULTS 

Two different types of tests conducted in this study include 
creep and recovery tests and repeated uniaxial compression test 
with constant strain rate. All the tests were conducted at the 
temperature of 16ºC.  

Creep and recovery tests: Six compressive creep tests at 
three stress levels (70, 210 and 350 kPa) were performed on 
pre-stressed samples (preload =10 kPa , duration = 180 s).  The 
universal Testing Machine (UTM-25), a standard device for 
simulating and imposing repetitive traffic loading on standard 
Marshall samples, was used. Two vertical linear variable 
differential transformers (LVDT) were fixed 180 apart to 
measure the vertical deformation. The loading time (ti) varied 
from 6 to 10s, and the recovery period was selected four times 
loading period. The results of the constant stress creep tests at 
three stress levels with two different loading durations are 
depicted in Figures 2 and 3. 

Constant strain rate test: The constant strain rate test with the 
rate of 0.1 mm/min was conducted in a uniaxial compression 
mode using a servo-hydraulic closed-loop triaxial loading 
apparatus. 
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Figure 2. Creep and recovery of constant stress creep tests (ti=6s) 
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Figure 3. Creep and recovery of constant stress creep tests (ti=10s) 

With regard to the loading pattern, the axial stress varied 
between two constant values 100-700 kPa, and the process of 
loading were controlled manually, considering the data reported 
by data logger. The magnitude of axial stress, axial strain, were 
recorded throughout the test per 6 sec. At the beginning of the 
test, the specimen was imposed to a loading with smaller axial 
strain rate, 0.045 mm/min, with the purpose of making the 
apparatus adapted to loading conditions. The stress and strain 
were assumed nominal values. Figure 4 shows imposed axial 
strain history, and Figure 5 illustrates measured axial stress 
response. 

5 DETERMINATION OF MODEL'S PARAMETERS 

5.1 Viscoelastic model 

Linear viscoelasticity gives rise to straight isochronals, data at 
the same time, in the stress-strain diagram as shown in Figure 6. 
The graphs are two straight lines that pass through three strain 
points at three stress levels at t=6sec of Figure 2 and at t=10sec

of Figure 3. Using Equation 3, axial strain during the loading 
part of a creep test would be obtained: 

n
tAt σε =)(  (8) 

Where A and n are material constants. According to Figure 
6 A and n values were found to be 1.34*10-6 and 0.173, 
respectively. So by substituting the values of n and A in the 
creep compliance relation, the convolution integral has the 
form: 
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Considering the stress history as the response of the material 
under a constant strain rate loading, which is triangular in time 
as shown in Figure 5, and by integrating Equation 9, the 
viscoelasic component can be obtained as the green graph in 
Figure  4. 
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Figure 4. Axial strain history in constant strain rate test 
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Figure 5. Axial stress response history 
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Figure 6. Stress- strain behavior under creep loadings 

5.2 Viscoplastic model 

The VP strains are determined from the permanent strains at the 
end of the recovery and are used to determine the p, q and Y
parameters in Equation 5. The p, q and Y values are found to be 
5.34, 4.75 and 3*1036 respectively. The generated viscoplastic 
component is depicted in Figure 4 as an orange graph.

5.3 Comparison between predicted and measured results 

The predicted VE and VP strains are plotted together with the 
measured total strain in Figure 4. A good agreement is observed 
between the verification test results and prediction from the 
model. By increasing the number of the loading cycles, the 
changes of the peak strains are presented in the form of 
hardening curves. Another important phenomenon is the 
accumulation of plastic strain in the material subjected to a 
symmetrical stress-type loading. The strain increment per cycle 
can diminish until the material reaches its stable condition or it 
can grow leading to the damage of material. Considering the 
difference between measured and predicted response, a 
corrective measure is needed to account for the effect of 
aggregate interlocking and damages. 

6 CONCLUSION 

This study included an experimental program that was capable 
of quantifying and decomposing of asphalt mixtures response 
under creep and uniaxail repeated compression loading. The 
creep tests at different stress levels and loading times was used 
to identify the viscoelastoplastic model parameters. The 
approach showed the soundness of the developed 
viscoelastoplastic model for predicting the material behavior 
under one-way compression loading. 
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