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Abstract: Assuming that the road infrastructure has been implemented in accordance with specifications and standards, poor
adhesion between the two layers of asphalt mix can be a significant cause of pavement problems. The general problem
observed with the weak adhesion between the layers is the slip failure. Slipping disruption in areas where transport acceleration
increases, in areas where acceleration decreases or may occur in bumps. One of the criteria and a test method for measuring
adhesion resistance between the hot mix asphalt layers is needed to improve the surface finish. The main objective of this study
is to determine the effect of reducing the coefficient of friction between asphalt layers in the displacement of asphaltic layers.
Because performing experimental experiments in the country is a deterrent to this goal, the use of analytical and numerical
methods has been shown to play an important role in conducting studies. Therefore, in this paper, using vehicle simulation in
ABAQUS software and analyzes, it has been found that decreasing the coefficient of friction (adhesion reduction) increases the
interlayer deformation, which causes the surface of the pavement to fail. Three different thicknesses for asphalt cladding,
including 4, 6, and 7 centimeters, and three different thicknesses for roller concrete layers of 18, 20 and 22 centimeters are
used. Modeling and analysis of pavements with finite element method has been performed and the depth of the asphalt and
tensile strain slope is calculated at the maximum level. The results show that the type of asphalt mix has a high impact on the
amount of sloping and tensile strain at the maximum level. So that under different conditions it is estimated to be about 2-3
times in the amount of rotation at the surface. Also, the amount of groove and strain in the middle of the procedure is increased
by a thickness of 11% the thickness of the roller concrete thickness has not changed, but the surface strain has been reduced by
9%.
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in the pavement [1, 2].

While cracking the asphalt layer is inevitable, the study of
crack growth in asphalt pavement is important in order to
estimate the appropriate time for reconstruction and
improvement of pavement and suitable service for roads and
high ways. In such a situation, stress factors can be used as
essential parameters for the detection of a rupture failure in a
permanent pavement. The pavement layers' thickness is the
main parameter in the design of pavements and is in fact one
of the objectives of the pavement design. Also, the modulus
of elasticity of the pavement layers is one of the main

1. Introduction

A large volume of national capital is spent annually on the
design, construction and maintenance of pavement road
pavement. Permanent pavement is considered as a special
type of high-rise pavement (with a life span of 40 years and
upwards). This pavement has a specific layer structure, and
each of the layers has a special function. Top-down
turbulence is one of the most commonly decaying models
and one of the most important reasons for the general failure
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parameters in the design of pavement types that can be used
to obtain the overall design of the pavement [3, 4]. Increasing
the volume and weight of the traffic axis in roads has caused
flexible pavement to not function properly in some ways.
Therefore, other options have been considered, one of which
is the use of composite pavements in which a rigid layer is
used as a basis and a flexible asphalt layer is applied on it.
The experience of different countries has shown that
combined pavements have had a great performance in high-
traffic routes. This kind of pavement has longer life, less
noise, greater harmony, higher slip resistance and more load
bearing capacity, and requires less maintenance than flexural
pavements [5, 6].

The implementation of rigid asphaltic coatings reduces the
stress gradient stresses and stresses caused by traffic loads in
the rigid layer. In this type of pavement, the amount of tensile
strain decreases significantly under the asphalt layer the
fatigue life of the pavement is high. The rigid layer used in
composite pavements can be a simple, armed seamless,
continuous reinforced concrete, roller concrete, and low
cement concrete, cement stabilized soil or cement stabilized
concrete. Due to the many benefits, in the past few decades,
this type of pavement has been made in different ways in
different countries. In Europe, most composite pavements are
built from the beginning with the same structure in which the
asphalt pavement is made on a base layer of cement-
stabilized soil, or rock materials fixed with cement, roller
concrete, or cementations concrete (Figure 1) [7, 8].

Optional Wearing Surface 110 2in (25 to 51 mm)

1.5t0 4 in (38 to 102 mm)

Rut and Top-Down Crack Resistant Asphalt or SMA Layer

Thickness dependent on

High Modulus Asphalt Layer structural design requirement

Fatigue and Bending Resistant Asphalt Layer 210 3in (51to 76 mm)

Optional Granular Base as a Working Platform
for Asphalt Layers

c d or Lightly C

Figure 1. Synthetic pavement structure with asphalt pavement.

Composite pavement in the United States has been further
developed to improve the rigid pavement by implementing an
asphalt pavement on the concrete pavement, to improve its
structural and functional performance [9]. One of the best
options for the layered concrete pavement is the roller
concrete. Roll concrete is a kind of concrete cement that
mixes the coarse and fine stone, cement and water into small
amounts. It is made by slipping close to zero with a special
finisher for asphalt and compressed with vibrating rollers
[10].

One of the important applications of roller concrete is the
construction of pavements. The advantages of roller concrete
to conventional concrete are the need for mold, armature
reinforcement, connecting rod, and timing and seam. This

kind of pavement can be implemented in a short time and be
exploited by traffic. Another advantage of this kind of
pavement is the lack of a need to pay for its surface and
durability [11, 12].

These features have reduced the cost of the roller concrete
pavement compared to conventional asphalt and concrete
pavements, and is the ideal option for many applications.
Concrete roller bearing is more environmentally friendly and
less energy is used in building and operating it. One of the
most important uses of roller concrete pavement is the heavy
and stationary traffic areas, such as aircraft crashes and creep
grips at airports, heavy machinery parking, and access to
industrial areas.

One of the problems with these pavements is that after the
run, the final level will not have the smooth, roughness and
abrasion resistance of fast traffic jams. One solution to this
problem is to run a layer of asphalt with a certain thickness
on it. This layer will provide the required specifications
including panning, comfort, and protection of the roller
concrete layer [13].

Combined pavements may cause a variety of failures
during their lifetime, which are much like the failure of
asphalt pavements. Among the combined pavement failures,
three types of failures have been considered: cracking fatigue
in the asphalt layer (upwards or downwards) or rigid layer,
slope due to plastic deformation in the asphalt layer and
Substrate and reflective cracking in asphalt pavement [14].

Reflective cracking is the most common and most critical
type of failure in terms of the need for renovation and repair
in this type of pavement, which results in cracks in the
asphalt layer due to vertical and vertical movements at the
site of discontinuity (cracks or seams) in the rigid layer [15-
16]. The main factors in the reflection cracks in the asphalt
pavement are traffic loads and temperature variations.
Various methods have been proposed for controlling or
reducing these cracks, including the use of georgic and
geotextile, the use of crack absorbent layers, and the cutting
and sealing of asphalt pavements in the seams [17].

Georgic is the most common type of geosynthetics used to
strengthen pavements. Fatigue in asphalt mixtures occurs due
to the repetition of tension or strain caused by traffic loads.
Fatigue of asphalt mixtures will lead to cracking.
Traditionally, leave Fatigue corrosion in low-to-high asphalt
pavements Which starts at the bottom of the asphalt layer and
extends to the top. However, studies have shown that top-
down corrosion is one of the major failures of pavement [18,
19]. Typically, in the asphalt layer, combined pavement top-
to-bottom cracking because the strain at the bottom of the
asphalt layer is usually of a compressive nature, unless there
is a connection between the asphalt pavement and the
underlying rigid layer. Zhao et al., By comparing fatigue
cracking, found two types of pavements, including high-
strength fixed pavement, and low-hard-core pavement, which
was dominated by a high-low-level pavement with a low-up
cracking effect does not have [20].

However, in aggregate-based pavements, low and low
cracking occurs at medium and low temperatures, and at high
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temperatures there are high-down cracks. They also showed
that by increasing the temperature and thickness of the
asphalt layer, the possibility of cracking increases upward. In
flexible pavements, the groove in the wheel set occurs due to
the accumulation of plastic deformations in the pavement and
substrate layers. The slots created in addition to reducing
safety and ease of driving will lead to further breakdowns.
Combined pavement roughness, although not as flexible as
pavement, will be under great effort due to the placement of
an asphalt layer on a high-strength layer. The accumulation
of plastic deformations in the asphalt layer and the substrate
and layers of the undamaged under the rigid layer tends to
rupture [21, 22].

Due to the hardness of the concrete layer in the joint
pavement, the stresses and strains created in the substrate and
the non-stabilized layer of this type of pavement are very low
and do not affect the development of this type of pavement,
Unless the rigid layer is damaged and cannot properly load
the load [23, 24]. Therefore, slope control in this type of
pavement greatly affects the quality of materials the coating
is coated and the tension is created. As discussed in previous
sections of this section, major failures in asphalt pavement
are combined pavements including reflective cracks, high-
down fatigue, and grooving [25, 26]. The study of these
failures is a matter of varying degrees of need for study that
has not been sufficiently investigated. The purpose of this
study was to investigate the effects of various factors on two
types of fracture failure and high / low fatigue cracking in
asphalt treatment using ABAQUS software.

2. Material and Methods
2.1. Material

As mentioned above, the purpose of this study is to
investigate the effect of various factors on the fracture failure
and high-down cracks in pavement of asphalt roller concrete.
For this purpose, the effect of type of mix, geogrid type and
position, thickness of asphalt and roller concrete on grooves and
upper to lower cracks in asphalt cladding have been studied.

The effect of 2 types of asphalt mixes with different
characteristics including a typical asphalt concrete, two types
of coarse-grained mastic asphalt and two types of SuperPio
Asphalt concrete on two different failures in this research
have been investigated. The reason for using these mixtures,
the different types of aggregates, the type of bitumen and the
method Mixing plan is in them, the effect of these features
will be studied on the failures studied. Also, the effect of
three types of geogrid with different mechanical properties,
with two different depths including the asphalt and low
asphalt pavement thickness two failures are considered.
Three different thicknesses for asphalt cladding, including 4,
6 and 7 centimeters, and three different thicknesses for roller
concrete layers of 18, 20 and 22 centimeters have been used.
Modeling and analysis of pavements with finite element
method has been performed and the depth of the asphalt and
tensile strain slope is calculated at the maximum level.

In this research, using three-dimensional modeling in
ABAQUS software finite element software, sections of the
roller concrete pavement with simulated asphalt pavement
and pavement responses are obtained under the various
conditions mentioned in the previous section and have been
analyzed and compared. As described in the previous section,
two types of asphalt mixtures with different properties in this
study are used as asphalt pavement. These mixtures have
different qualities and their application to pave the way to
low traffic is very heavy. The difference between these
mixtures in aggregates is the quality of bitumen and stone
materials and their behavior.

2.2. Modeling by Means of Finite Element Methods

In many cases, elastic analysis is used for pavement. In this
analysis, materials are considered elastic for each layer, while
HMA materials act as elastic only at low temperatures, and at
high and average temperatures, elastic theory cannot properly
show the deformation properties of asphaltic materials. . In the
theory of elasticity, the effect of traffic speeds cannot be
considered to be more important at lower traffic speeds. In this
section, a comparison between linear elastic model and
viscoelastic model is performed to evaluate their relative
performance. In the linear elastic model Hooke's law is used to
describe the behavior of HMA materials.

Although the materials are elastic and the effect of speed
and time cannot be considered, the effect of temperature can be
considered by measuring the modulus of resonance at different
temperatures. These results were obtained from experiments
designed to determine the modulus of resonance at three
temperatures of 5, 25 and 40 C° and in 5 different conditions in
the laboratory, and it was assumed that the temperature
changes with exponential changes. Therefore, the modulus of
resonance at any temperature can be obtained with this
exponential model. This model is presented in Figure 2 and
shows the relationship between temperature and the modulus
of oscillation for various materials; also this value was
obtained after reviewing 5 states according to Table 1.

Modulus of Resistance (gigapascal)

° 10 20 0 &0 50 6o
T emperature (C°)

Figure 2. The relationship between temperature and modulus of variation
for different materials.
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Table 1. Different thicknesses intended to reach the desired cross section.

Layer Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
ODOT302 9in 10 in 10 in 10 in 10 in
Base 6 in 6 in 8 in 10 in 12 in
3. 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 maximum strain
strain modulus in Figure 3 are shown and the effect of this
change in the values in Figure 4 is shown.

0.16
FRL 0.14
B0DOT442 0.12
%
0ODOT302 01
B SMA

0.08

0.06

Strain change (micro strain)

Asphalt mix

Figure 3. The rate of strain change in different layers resulted from a 30%
reduction in the modulus of the layers.

-0.02

-0.04

-0.06

train change (micro strain)

B0D0T442

0DOT302 -0.08

OSMA 0.1
0.12

Asphalt mix

Figure 4. The rate of strain change in different layers is due to a 30%
increase in the modulus of the layers.

According to this Figure 3 and Figure 4, 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 pg to 70 um. This is an effort to increase the eclastic
modulus to reduce the tensile strain at the bottom of the FRL
layer, which is not a good reason for two reasons:

1. Increase in the elastic modulus has little effect on the

amount of strain.

2. Fatigue life of asphalt mixtures decreases because they

are harder and less flexible.

4. Discussion

Flexible pavers are usually not designed for a long time
period. The typical life of such pavements is between 18 and
25 years old. With the increasing traffic and traffic growth,
road authorities and cities are trying to find a way to extend
the road's useful life and minimize drivers' delay and disturb
the normal distribution of traffic due to road repairs and
rebuilding [27-28]. So, they turned to durable pavements to
enhance the useful life of design for up to 50 years and
benefit from economic, social and environmental benefits.
Following this event, it should be compared economically
with the usual pavements used for high traffic volume. The
higher initial cost of a permanent pavement than ordinary
pavements, as well as the new design of this method, makes
the use of this pavement a little doubtful.

The cost drivers of the road include all the costs that the
contractor faces during the life of the project. These costs
include:

1. Primary Engineering: Costs that are spent on basic
studies on design options, licensing, engineering design,
and advisory options.

2. Contract execution: The costs incurred for contracting.

3. Elementary construction: Manufacturing costs are
related to each option. For example, each different route
option on the road and the amount of material should be
considered in the analysis.

4. Construction oversight: Costs related to construction
oversight, cost of construction management consultancy,
material test costs, or other costs related to construction
oversight [29, 30].

5. Maintenance costs: Includes maintenance costs for
acceptable pavement procedures. Information about
maintenance costs of everyday reactive type is usually
hard to come by. However, these costs are usually small,
and usually there is no difference from the restoration
option to the restoration option. They have a negligible
effect on current net worth (NPV) and are usually
discarded. When maintenance costs are considered for
options, they should be reported in life cycle analysis
[31, 32].

6. Basic repair costs: Includes the costs associated with
each repair option (usually including re-cover costs).
These costs are calculated in the same way as the initial
construction costs.

7. Final value of the road: Includes the value of the
existing materials, the service life of the route, and so
on [33].

5. Conclusion

The results of this study showed that while the cost of
building a permanent pavement is more than the usual
asphalt pavement, in the course of a 50 year period, the life
cycle cost analysis calculations show that the durable
pavement, in addition to better performance, also has a lower
cost. Therefore, durable pavement is economically feasible
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and is a good option. Figure 5 illustrates the life cycle
analysis diagram in pavement management [34].

4
Initial construction
Rehabilitation
Cost
Maintenance
Time
Figure 5. Life cycle analysis in pavement management.
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