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Abstract
The analytical models are mainly combined with numerical equations for the problems of
the pavement under the wheel load. Different assumptions can be considered, such as elastic
asphalt and viscoelastic as well as static or dynamic load. Mainly on deformation at the bottom
of asphalt and tension layers focus on subgrid. The pavement structure was considered as layers
with uniform characteristics. Therefore, this analytical model calculates the three-dimensional
contact tension between the wheel and the pavement and the shape of the contact area. Basis
and subgrid are considered linear and the asphalt layers can be linear or viscoelastic. This model
is based on the results of direct shear stress tests at an axial load constant. The curves obtained
from this experiment can be defined by three parameters: the maximum shear stress (shear
stress curve versus shear displacement), the interaction modulus between the layers (the same
curve slope) and the friction coefficient after the failure. Due to the ability of ABACOUS software,
this project is done with this software. One of the methods widely used to predict viscoelastic
responses of asphalt mixtures is the finite element method. ABAQUS software is one of the tools
that can simulate mixed asphalt behavior based on a finite element method, taking into account
all the determinant parameters. The use of the Prony series is one of the common techniques for
describing the viscoelastic behavior of asphalt mixtures in ABAQUS software. For this purpose, it is
necessary to determine the parameters required for this field, including proven constants, moment
elastic modulus, and asphalt mixture poison ratio. On the other hand, the determination of these
parameters through testing in addition to spending time and costs requires laboratory equipment.
Therefore, in this thesis, a three-dimensional finite element model with ABAQUS software was
constructed to analyze the persistent pavement using theoretical relations without conducting
the experiment. Also, viscoelastic behavior of common asphalt mixtures and time dependence
of its responses at different temperatures can be modeled in ABAQUS software. After performing
the shear stress test for different axial loads, different temperatures, with or without a single coil,
they found that all parameters are temperature dependent and the coefficient of friction does not
depend on the applied axial load. This new model improves the accuracy of the finite element
model and its important role can be an analytic expression that includes all the variables that are
effective in the problem.

Introduction
As the functionality of computers increases, limited component modeling can help
determine the variables that are important for the transverse and longitudinal strain of
asphalt pavement. In addition, computer modeling of the pavement structure is more
helpful to laboratory results [1,2].
Park and Martin (2005) studied the importance of considering the three-dimensional
reality of contact stress in the responsiveness of lexible pavement. For this, a threedimensional inite element model was developed that considered the asphalt layers as
elastic-viscoplastic. To achieve accurate results, three-dimensional contact tensions were
measured using VRSPTA. The results obtained from inite element analysis were compared
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with the track width pro iles measured in West Track. It was concluded that non-uniform
contact stress is important for prediction [3,4].
The studied a particular section in Virginia, in order to compare different
computer programs, the comparison between the inite element model and empirical
measurements. The mentioned section, in which the measuring equipment was
itted, was 7.5 inches thick asphalt, under the double or single wheel load, and the
rectangular loading area was considered. This section was modeled using a variety
of software, linear elastic theory, symmetric modeling and three dimensional inite
element models. It was concluded that linear elastic theory is not effective in predicting
lexible pavement behavior, since it designs unreliable low temperatures and noneconomic temperatures at high temperatures. Therefore, analytical reforms for the
transverse and stress strain were calculated and measured [5]. The measured values
increased exponentially, while the calculated values followed a linear increase. An
important variable in this study was not considered that this variable was thick. Only
one section of this route was modeled, its thickness is less than the usual thickness
used for pavement. This research con irms that the linear elastic model does not show
the actual behavior of the asphalt [6].
The effect of two kinds of loading (trapezoidal and continuous) and the interaction
between the layer (Coulomb and elastic) on lexible pavement looked back. The study
was performed using Abaqus Limited Element software and was used for moving
loads (8 and 72km / h). Linear grain aggregates were assumed and their properties
were obtained from the FWD test. On the other hand, the viscoelastic asphalt layers
are assumed that its elastic properties are obtained from the modulus of the resonance
test and its viscoelastic properties were obtained from the creep test. The distribution
of trapezoidal load, uniform load on elements and the distribution of triangles are
assumed for the start and end of the wheel path [7,8]. In a model that was studied by Yo
et al., transverse and longitudinal contact stresses were considered in the interaction
between wheel and pavement. The results of the computer model were compared with
the measured values from the pavement section and found that the continuous loading
domain yielded better results. It was also concluded that the linear elastic adhesion
model is more appropriate than the Coulomb model. Finally, they proved that the shear
contact force has a small effect on the strain at the bottom of the asphalt layer [9,10].
The introduced another method for determining the viscoelastic behavior of
asphalt, for the modeling of inite element. The results of this limited component
model in ABAQUS were consistent with ield measurements. Viscoelastic properties of
asphalt were obtained using a creep yield test [11].
The modeling of inite element includes moving loads, coulomb interactions
between layers, and time-dependent properties. In this paper, it was concluded that
elastic models are not able to represent the actual behavior of materials. On the
other hand, viscoelastic models are able to predict the delay and fast return. When
viscoelastic materials are considered, the difference between measured and measured
values is less than 15%. With the indings of this research, it is wrong to consider
asphalt as linear elastic [12-15].
Presented a inite element analysis under the in luence of three-dimensional
contact stresses and dynamic loading on a permanent pavement. To do this, the authors
used Abaqus to perform a dynamic analysis of three times at a constant pressure.
The mentioned model is designed for viscoelastic behavior of asphalt, and both of
the three-dimensional and steady-state contact stresses are assumed [16-18]. As the
operation time increases, the length of the contact area increases to a ixed length and
width. After comparing the results of the assumed contact compounds, they found that
the tensile strain at the bottom of the asphalt layer was in line with the actual values.
Also, for the transverse tensile strain, the results of the three-dimensional contact
stress were larger than the steady state. The authors concluded that as the applied
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load increases, the difference between the values obtained from constant or threedimensional contact tensions decreases. In this research, we examined an analytical
model for estimating the response of loaded asphalt pavements under load on any
number of layers. Also the inite element modeling of an experimental path using
ABAQUS software was performed to determine the effect of different parameters on
the performance of this pavement.

Material and Methods
Pavement analysis models
Asphalt layers, after casting, should be compressed to handle loads, better
distribute pressure pressures, and create a smooth and smooth surface. As a result of
the condensation, the layers stick together to form a dense and seamless structure and
to act better against the shearing forces resulting from traf ic. With less space in the
asphalt, its resistance to weather conditions, as well as erosion and more durability
will be asphalt, and with the reduction of surface roughness, traf ic safety and driving
comfort will increase, and the traf ic load on the asphalt will be reduced [19,20].
The instrumental models used to analyze the response of pavements to traf ic
loads and environmental conditions vary from simple experimental models based on
limiting the resistance to complex models that are realistically describing the behavior
of materials [21-23].
The choice of model type depends on the designer’s ability to examine the
information required for the materials and the interpretation of the results of these
models. The formulation of the models involves the idealization of the real problem
and transforming it into a mathematical form. The general mathematical form
for pavement models consists of a series of partial differential equations that are
exposed to different boundary conditions. In the solution of problems, there are two
main perspectives: (1) analytical or classical methods, (2) numerical or approximate
techniques. The theory of reactionary layer and skin panels are examples of analytical
views. The inite element model is an example of a numerical view [24,25].
Analytical views: The Birmistor solution for an elastomeric two-layer system led
to the establishment of the theory of multiple layers. The two-layer system equations
are relatively simple and can be solved with a calculator. But the generalization of
this theory to multiple layers complicates the problem, and problem solving requires
practical analysis of the computer. In this study, the ABAQUS computer program was
used for this analysis [26,27].
The hypotheses used to develop the model are:
1.

Properties of uniform materials

2.

Limit thickness of layers except in the substrate layer that is unlimited.

3.

Isotropic properties of materials

4.

Full friction between layers

5.

Lack of tension on the surface

6. The material is linear-reactionary and follows Hooke’s law. In addition, the
load is assumed to be constant and is distributed uniformly over a circular surface in a
uniformly distributed load [28].
Modeling by means of ϐinite element methods: ABAQUS software is a collection
of highly capable modeling programs based on a inite element method and problemsolving capabilities from a simple linear analysis to the most complex nonlinear
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modeling (including hyper-elastic and visco-elastic materials) [29].
In this paper, ABAQUS inite element software has been used to investigate the effect
of different layers on concrete pavement malfunctioning. According to conventional
pavement layers, modeling has been carried out, further speci ication of the model
made in ABAQUS is presented.
Model geometry
In this paper, 20 centimeters of concrete on a base layer with a thickness of 30 cm
was used to simulate a pavement and the length and width of all layers were 5 meters.
Speciﬁcations of materials
In this modeling, the behavior of the underlying layers and subgrid are considered
elastic. This assumption is realistic given that under loads that pass through the
pavement in the underlying layer of major deformations (in the plastic range) it does
not seem to be realistic. The behavior of concrete materials is also considered elastic.
When concrete is not cracked, the assumption of such behavior is correct for concrete.
Common asphalt pavements in Iran consist of four layers of asphaltic, basement, subsoil
and substrate, each of which has its own behavioral characteristics. Different layers of
the pavement from the point of view of behavioral characteristics can be divided into
two groups of elastic and viscoelastic so that the asphalt layer has viscoelastic behavior
and other elastic behavioral pavement layers. In the ABAQUS software, viscoelastic
properties of materials can be de ined with the help of the Provence series [30-32]. For
this purpose, it is necessary to determine the Prony constants, moment elastic modulus
and the Poisson ratio of the asphaltic mixture. In this paper, used model is based on the
results of direct shear stress tests at an axial load constant. The curves obtained from
this experiment can be de ined by three parameters: the maximum shear stress (shear
stress curve versus shear displacement), the interaction modulus between the layers
(the same curve slope) and the friction coef icient after the failure.

Findings
Layer modules are one of two important factors that play a major role in resistance
to pavement failures. Theoretically, less thickness is required for pavement if asphalt
materials have a higher modulus. In this section, the effect of the modulus of the layers
on the longitudinal tensile strain is studied maximally. The three values for the tensile
strain modulus are given in table 1, and the effect of this change in values is shown in
table 2.
According to table 2, it can be seen that the FRL layer plays the most important role
on the maximum tensile strain compared to other layers. With a 30% increase in the
modulus of this layer, the tensile strain decreases from 80.6 μg to 70 μm.

Table 1: The values of the modulus intended to examine the effect of the modulus of the layers.
(Gp) Layer Module

Layer

30%

measured value

-30%

3.409

4.78

6.331

ODOT442

2.55

3.65

4.745

ODOT302

5.397

7.71

10.023

FRL

5.67

8.11

10.543

SMA

Table 2: The rate of change in the strain of each of the layers due to the modulus of the layers.
Layer
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Maximum tensile strain variation (microstrin)
30%

-30%

SMA

2.99E-02

-2.72E-02

ODOT442

2.99E-02

-2.40E-02

ODOT302

2.72E-02

-2.09E-02

FRL

1.48E-01

-1.00E-01
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Discussion
1. In hot mix asphalt, bitumen is considered as the only binder, and maintaining
its quality during asphalt production should be taken into consideration. The bitumen
contained in the storage tanks of the workshop or the beams entering the workshop
for discharging into the reservoirs should never be heated to more than 175 ° C or
smoke during heating. In some cases, however, temperatures above 210 ° C have been
observed.
2. It is safe to say that the basic parameter concerning bitumen and asphalt,
manpower is unfortunately the lowest level of manpower required, such as technician,
operator to design levels, observer engineers, etc. We are faced with a shortage of
skilled labor. The manpower employed in asphalt factories does not have a stable
position and is not trained or tested in any way and does not qualify for scienti ic
competence, and only act on the basis of experience.
3. According to the regulations of the pavement, in the asphalt pavers, to use the full
automatic inisher, to use asphalt pavers and to correct the roughness of the existing
and old asphalt surfaces as well as the freeways. The standard inisher conditions
depend on various factors such as year of construction, hours of operation, maximum
and minimum width of the inisher, sensors, vibrating rods, and no burnout for asphalt
vibrations, helminthes are healthy. In road construction projects in Iran for the lifetime
of inishers is even over 20 years old. The contracting companies have secondhand
inisher and sometimes some hands. Most of them do not have sensors or their sensors
are damaged. In some inisher, the binding machine is not visible so that the seam
between the hot and cold layer can be executed in accordance with the regulations.
4. The temperature of the asphalt mixes with pure bitumen and continuous
grading during loading should not be outside the range (160-120). The appropriate air
temperature is also determined by the surface temperature of the road surface and the
thickness of the asphalt layer, which is for typical thicknesses of 5 to 10 cm is between
120 °C and 140 °C. In many cases it is found that asphalt is loaded at temperatures
above the standard temperature (above 163 °C), which can be caused by factors
such as high bitumen temperatures or the temperature of rock materials, due to the
unfamiliarity of hot The bitumen or the operator to the standard temperature or not
the temperature sensor or its false function. The absence of a mixture of asphalt at
the proper temperature at loading and loading will result in insuf icient or excessive
density in the applied procedure. Insuf icient density and, in fact, excessive amount of
free space, insuf icient durability of the asphalt pavement. Excessive congestion, low
vacancy required, and asphalt paving [32,33].
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