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cracks after the implementation of this layer. The results of the research show that reflective
cracks are a very complex and variable phenomenon. This problem mainly occurs in the form
of crack propagation from the underlying pavement layer to the cover layer. The use of
Geogrids has been considered in recent years due to their role in increasing the bearing
capacity and reducing the settlement of the reinforced base. Therefore, in this study, using
numerical modeling and laboratory studies, Geogrids were placed under the pavement layers
and the effect of using Geogrids was investigated by loading. One of the objectives of this
study is to evaluate cracking in asphalt and investigate the effect of using Geogrids in
improving the pavement resistance to cracking. After numerical modeling and laboratory
studies, it was observed that the presence of Geogrids reduced cracking in asphalt pavements.

PLAXIS 2D finite element software was used to simulate and analyze pavement behavior.
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Introduction

Numerical modeling for the use of Geogrids in road pavement layers has been considered as
an advanced method for analyzing and optimizing the performance of reinforced pavements.
With the increase in traffic loads and stresses on pavements, the need to use reinforcing
materials such as Geogrids to improve the strength and extend the life of road structures is
increasingly felt. Geogrids reduce permanent deformation and cracking in pavement layers by
limiting the movement of soil materials and distributing stresses appropriately. One of the
most important issues in this field is the correct simulation of friction between the Geogrid
and the surrounding materials, which has a direct impact on load transfer and stress
distribution. In addition, the selection of an appropriate numerical method, such as the finite
element method, to analyze the interaction of Geogrids with different pavement layers is of
particular importance, because these methods must be able to predict complex phenomena
such as tensile failure of the Geogrid or separation between layers. Also, modeling the effect
of Geogrids on reducing the thickness of pavement layers and increasing the bearing capacity
requires considering accurate material parameters and realistic boundary conditions. Finally,
the development of accurate and efficient numerical models can lead to optimization of the
design of Geogrid-reinforced pavements and reduction of implementation costs. The research
conducted by Noor Sadeq et al. (2021) developed a finite element model to evaluate the
dynamic loading behavior of both unreinforced and Geogrid-reinforced pavements. The study
simulated the effects of truck loading on these pavements to determine vertical stress and
surface deflection. The findings highlighted that permanent deformation often occurs in
pavement layers with low strength, particularly under high temperatures. Significant cracking
is more likely in hot weather, especially when the surface temperature of flexible pavements
reaches 60°C or higher. The modeling approach assumed linear elastic behavior for all
materials, with the pavement structure consisting of a surface layer, base, subbase, and an
infinitely deep bed layer. By increasing the load on the model, critical pavement responses,
such as vertical stress, were analyzed for both unreinforced and Geogrid-reinforced
pavements. The results demonstrated a noticeable reduction in displacement when Geogrid
reinforcement was added, indicating a significant improvement in pavement performance.
Additionally, it was observed that higher temperatures led to greater displacement, while
increasing the thickness of the flexible pavement reduced cracking and subsequently
decreased the displacement of asphalt layers. In a related study, Chen et al. (2012) conducted
cyclic plate load tests on Geogrid-reinforced pavement sections to integrate the benefits of
Geogrids into the framework of the new AASHTO Mechanistic-Empirical Pavement Design
Guide. The study quantified the contribution of Geogrids in terms of increasing the elastic
modulus of the base layer and/or reducing the required thickness of the base aggregate layer.
The effective elastic modulus of the base layer was calculated to assess the performance
improvement provided by Geogrid reinforcement. The results indicated that the elastic
modulus of the base layer could be increased by 10% to 90%, and the base layer thickness
could be reduced by 12% to 49% in Geogrid-reinforced sections. Furthermore, Geogrids with
higher tensile modulus were found to deliver better performance.
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Method

In this research, the effect of using Geogrid has been investigated. In this case, simulated road
pavement layers were used, where the Geogrid is placed between the asphalt layer and the
base layer of the asphalt pavement. For problems that exhibit symmetry, computational speed
and cost can be reduced by modeling only one part of the problem that repeats due to
symmetry. In the model analysis, due to the presence of axial symmetry in the geometry,
boundary conditions, and applied forces, axisymmetric analysis has been employed. Utilizing
this analysis method has led to increased speed and accuracy in the evaluation process.

Results

By dividing and considering three different scenarios, the aim is to examine the amount of
settlement. It should be noted that these three scenarios include the following: the unreinforced
case, the case with one layer of Geogrid, and the case with two layers of Geogrid.
Subsequently, the results related to each of these scenarios will be analyzed.

Conclusions
1 -The use of Geogrid increased the flexural strength by 24.82% compared to the sample

without Geogrid.

2 -The use of Geogrid in asphalt samples reduced the deformation deviation and a 37.89%
reduction in deformation was observed.

3 -Increasing the elastic modulus increased the settlement.

4- Increasing the number of Geogrid layers reduced the settlement.
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No | Characteristics Unit Results | Requirement
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t=50°C 21.54 -
Marshall

3 stability KN 11.96 8.0

4 Flow mm 3.62 2-4

measurement

5 Voids in .the py 440 3-6
total mix
Voids in

6 mineral 7 16.70 min 15

aggregates
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Sample No. Property Unit Test method Value
Max load at yield ASTM
. KN/M 9.83
point D6637
Extension at Max % ASTM 34.4
Load D6637 ’
Load at Ten
MD ASTM
precent Extension KN/M S 3.125
D6637
of Gauge Length
Extension at 1/2 ASTM
0
Max Load & D6637 0.05
Max load at yield ASTM
KN/M .54
point N/ D6637 6.3
Extension at Max o ASTM
Load & D6637 63
Load at Ten
TD ASTM
precent Extension KN/M S 3.14
D6637
of Gauge Length
igcll; Extension at 1/2 o ASTM 1
shie Max Load ’ D6637
. ASTM
Water absorption Yowt 0
D570
Mass Per Unit Are Gr/m? ISO 9864 878+12
MFI(Rate 190°c, . ASTM
5ke) Gr/10min D1238 1.05
Thickness mm - 3.7+1
Mesh aperture size mm - 10*10
Impact Strength KJ/m? ASTM D256 38.5
(again)
. IPS-M-TP-316(SUB 0.7 OeSile
Heat R 9
eat Reversion % CLUSE 7.5) 0.48 0.5
Vicar Softening R ASTM 130°C
. C
Point D1525 Rate(120°c/h)
Tensile Strength MPA ASTM D638 26.2
Elongation at break % ASTM D638 283/
ASTM
: 3
Density Gr/cm D1505 0.947
Injection E i M
Xtension at Max % ASTM D638 12.82
Load
Extension at 1/2 R
ASTM D 1.
Max Load & S 638 7
ASTM
Hardness Shore D 60#£2

D2240
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