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geosynthetic material in the sub-base or the soil under the

ggg‘é‘:?(;dsz road. In the past years, many researches have been done

about this topic, but the study on the effect of soil/load
conditions on the performance of the rehabilitated paved
road by geogrid in order to investigate the effective
parameters on it is still open. In this paper a series of 2D
FEM models using the software PLAXIS-2D are carried out
to evaluate the effects of soil/load conditions which includes
the effect of the subgrade material and load properties (such
as modulus of elasticity, Poisson's ratio, drainage conditions,
shear strength and the area of load), in the presence of soil-
geogrid-interaction. The results showed that the use of a
geogrid reinforcement layer decreases the vertical settlement
in a soft subgrade surface, and this indicates that the main
mechanism of the geogrid is to restrain soils from lateral
displacement through interlocking with the particles. In
addition, it is concluded that increasing the Poisson's ratio of
the subgrade leads to reducing the wvertical settlement and
increasing the value of modulus elasticity leads to decrease
of the wvertical displacement, it is also shown that with
increasing un-drained shear strength, vertical deflection has
also decreased.

Rehabilitated road way,
Pavement settlement,
Soil/load condition.

1. Introduction main reasons for the difficulty of

construction and maintenance of the
According to the road and geotechnical structures and infrastructures which are
engineers viewpoint, the problems of soft placed over the soil. Improving the

subgrades and soils are known as one of the geotechnical properties of the problematic
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soils is done by various stabilization
methods, these mechanical and chemical
stabilization methods includes density
treatments (e.g., compaction and preloading),
pore pressure reduction techniques or
moisture control (such as, dewatering or
electro-osmosis), the soil modification (by
ground freezing, grouting and cementation
stabilization), blending and use of
geosynthetics reinforcing (such as geotextiles
and geogrid), but most of which may be
ineffective and expensive (e.g., for more
details see [1, 2]). The use of geosynthetic
reinforcement as a ground improvement
techniques  have  been  implemented
extensively over the last few decades,
particularly in pavement and geotechnical
engineering. The reinforcement function in
reinforced pavement sections includes lateral
restraint, increased bearing capacity and
tension membrane effect. The idea of
reinforced soil has been introduced by the
French architect and engineer Henri Vidal in
the 1960s and was based on the performance
of soil-reinforcement interaction due to
tensile strength, frictional and the adhesion
properties of the reinforcement on the soft
soil [3]. It was also indicated that
geosynthetic reinforcement becomes very
effective when the deformation in the road or
foundation increases due to extending the
area which the load affects [4, 5]. Geogrids
are one of the most common geosynthetics
that are used in transportation engineering, as
these  reinforcement  produce  superior
interface shear resistance due to interlocking
between soil and aperture of the geogrid. The
results of experimental, analytical, and
numerical studies showed that the geogrid
reinforcement in pavement structures can
extend the pavement’s service life, reduce
base course thickness for a given service life
and reduce rutting in pavements over soft
subgrades [6]. A very good review about
effect of geosynthetic reinforcement on
pavement foundations is issued in [7]. The

reinforcement can absorb additional shear
stresses between the subgrade and fill, which
improves the load distribution on the
subgrade [6], and also if the road is pre-rutted
during construction, embedded geosynthetic
reinforcement at the roadway layers is
distorted and thus tensioned. To better
understand and predict the behavior of the
reinforced road on the soft subgrade under
the traffic load as well as analyzing the
reinforcing mechanisms, some studies have
been carried out by researchers. The results
of these studies showed that the the
performance and behavior of the reinforced
pavement sections with geosynthetics is
improved in terms of stiffness, strength, load
bearing capacity and reduced permanent
deformations. The researchers concluded that
the use of geogrid with higher stiffness has
more effect on the improved performance of
reinforcement and geogrid has a better
performance than geotextile in controlling
and reducing the reinforced pavement layers’
deformation. The use of reinforcement in test
sections leads to enduring more stress than
non-reinforced sections in the same strain
level.Increased number of reinforcements
layers has a significant effect on reducing the
shear deformation, especially under the
traffic loading in reinforced pavement
sections [8-12]. In [8], the effects of the
location of the geosynthetic on the
performance of reinforced flexible pavement
systems are studied. A series of experimental
tests have been done for assess of the
resilient characteristics of reinforced soils by
[9] and development of design methods for
geosynthetic reinforced flexible pavements is
presented in [10] and under repeated loads,
the interface shear growth in a reinforced
pavement subject is assessed by [11]. The
characteristics and behavior of the geogrids
and its related mechanism are presented in
[13-16]. Several numerical studies have been
conducted to simulate and study the road or
reinforced pavement or unpaved road
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behavior that constructed on the soft
subgrade. Generally, the results of these
studies indicated that the use of geosynthetic
reinforcement increases the load bearing
capacity of the road subgrade and causes a
15-20%  reduction of the  vertical
settlement.Additionally the results showed
that reinforcing the pavement reduces crack
propagation, deformations and lateral strain
inside the base and subgrade layers [17-26].
In the numerical simulation of the reinforced
soil, the interaction  between the
reinforcement and soil is very important and
complex for designing and analyzing the
behavior of reinforced soil and depends on
soil and reinforcement properties [27] and in
order to simulate two and three dimensional
problems when the domain is bounded or
unbounded many numerical methods such as
finite element method, boundary element
method, scaled boundary finite element
method and etc. can be used (see, for xample
[28-32]), where in this paper the finite
element method is implemented in order to
achieve the results. The main objective of
this paper is to discuss the influence of
geogrid in the reduction of vertical
deformation of rehabilitated pavements using
a 2D finite element analysis. First, the model
is calibrated and then the surface deflection is
evaluated with respect to various parameters
that included elastic modulus, Poisson's ratio,
the undrained shear strength of subgrade and
the area of load and its effects of the surface
settlement of the pavement.

2. Description of the model

In order to investigate the effect of using
geogrids in the unpaved road a series of 63
numbers of models according to Figure 1 are
created.

600mm

Dual wheel

AC S0mm

Cruhsed rock 200mm

Cruhsed gravel 250mm

Sugrade sand 1500mm

8000mm

Figure 1. Cross-section of flexible pavement
system.

This model has 4 layers with geometrical and
mechanical properties as mentioned in Table
1 (e.g., the basic modeling parameters of the
flexible pavement system are similar to the
research which is done by [33]).

Table 1. Geometrical and mechanical
properties of the flexible pavement system

layers.
Property Asphalt | Crushed | Crushed | Sand
Rock Gravel
Thickness (mm) 50 200 250 1500
Elastic modulus | 5400 250 125 75
(MPa)
Poisson's ratio 0.3 0.35 0.35 0.35
Unit weight 25 21.2 22 18
(kN/m?)
Cohesion (kPa) - 30 20 8
Friction angle - 43 44 36
)
Dilatation angle - 13 14 6
)
Ko 1 0.32 0.3 0.42

As the dimension of the road length is greater
than the cross-sectional dimension, a two-
dimensional plain-strain model was carried
out in this study and the mechanical behavior
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of the pavement layers are modeled using the
Mohr-Coulomb’s criterion by five parameters
related to mechanical properties of these
materials: Poisson's ratio, modulus of
elasticity, adhesion, friction angle and
dilation angle. This model is a proper
behavioral and reliable model in explaining
the material behavior. The Mohr-Coulomb
behavioral model presents the behavior of
soil and rock materials with a first order
approximation. In these models, geogrid is
modeled as an axial element with membrane
performance, which will behave elastic and
the properties of this geogrid are presented in
Table 2.

Table 2. Geogrid properties.

Parameters Value
Geogrid type BX-1100
Polymer type Polypropylene
Aperture shape Rectangle
Aperture size (MD/XD)(mm) 25/33
Rib thickness (mm) 0.75
Junction thickness (mm) 2.8
Tensile strength at 5% strain ( KN/m)
MD 8.46
XD 13.42
Initial modulus (kN/m?)
MD 226.4
XD 360.1

In the finite element model to mobilize
reinfrcement resistance and tension

membrane properties of the geogrid, in the
contact surafce with the soil, the interaction
between soil and reinforcement was modeled
by interface element.These surface strength
factors can be evaluated by:

Cinter = Rinter X Csoir 1)
tan((pl{nter) = Rinter X tan((pgoil) 2)
Ginter = (Rinter)z X Gspit 3)

where, Cil, Gsoil and @, are the adhesion,

shear modulus and internal friction of the
soil, respectively and Cinter, Ginter and @;p¢er
are the adhesion, shear modulus and internal
friction of the surface contact, also Rinter IS
the strength coefficient of the surface
interaction. This parameter is a constant
coefficient that varies between 0.01 and 1.
The upper limit of this ratio is a sign of weak
contact surfaces and is more flexible than the
soil. The area that the load applies to the road
is selected regarding the vehicle wheels with
a length of 0.6 m, for more reality (see,
Figure 1). Using the finite element software
PLAXIS-2D[34], and because of the
symmetry of the model with respect to the
center line of the road, a two-dimensional
model based on the half of the section
(Figure 1) was built by employing the typical
2D elements mesh which is consisted of a
series of 752 number of 15-node triangular
elements and totally 3530 number of degrees
of freedom (see, Figure 2) and the loading is
557 kPa which have been applied onto the
road surface at the area with radius of 0.2 m.
As it is depicted in Figure 2, the location of
the geogrid reinforcement is varied with
respect to the surface of the road (this will
explain in the next), and moreover, the
underground water table is selected in
different depth in order to evaluate of the
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effect of the geogrid reinforcement regarding
that.

i

i
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o
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Figure 2. Geometry model and boundary conditions of the model; (a) without geogrid and (b) with

geogrid reinforcement.
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Figure 3. Comparison of the vertical deflections for unreinforced and reinforced FEM model
between this study and Ref. [33].

As shown in Figure 2, conventional
kinematic boundary conditions are adopted
(i.e., roller supports on all four vertical
boundaries of the mesh and fixed supports at
the bottom of the mesh) for the boundaries of
the model which are involved, while the
earth and the surface of the road is subjected
to the wheel load and is free traction
boundary. The strain absorption interlayer
system is a soft layer that is located at the
bottom of the hot-mix asphalt (HMA) to
dissipate the most of the energy. The analyses
have been carried out for drained condition
without pore water pressure changes. In order

to simulate the stress dependency of the
modulus of elasticity, the structural layers
were divided into sub-layers with the same
conditions, but different moduli of elasticity.
The reinforced system was modeled with the
same properties of the unreinforced model
but geogrid reinforcement placed in three
different locations to study the effect of
geogrid location in tension stress absorption
(see, Figure 2b). Figure 3 shows the results
from the two-dimensional model which is
built in this study by using software
PLAXIS-2D according to above model
description and are compared with the results
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which were presented in Ref. [33]. So, with
this verification, it is clear that the model
works well for both with and without the
reinforcement and it would be a suitable base
for the parametric study that is the main aim
of this paper which is assessing the effects of
the load area (Lw), depth level of the
embedded geogrid (H), drainage conditions
and material properties of the subgrade (v
and E) on the vertical deflection of the
pavement. In this regard, four categories of
models are studied. The models with name
HgLWTr are used in order to assess the effect
of the load area on the vertical deflection.
The models with name UHQqCr are used in
order to assess the effect of undrained shear
strength of the subgrade on the vertical
deflection and the models which are named
as HqV v and HqEe are used for investigte of
the effect of Poisson's ratio and elastic
modulus of the subgrade, respectively, on the
vertical deflection, where, in these models, q
and r are the mentioned values of the
embedded depth of the geogrid and length of

the applied load, c¢ is undrained shear
strength, v is Poisson's ratio and e is elastic
modulus of the subgrade and also the geogrid
was placed under the asphalt layer with g=
0.05, 0.25 m and also located under sub-base
layer (q = 0.5 m).

3. Results and discussions

According to the models which have been
described in the previous section, 63 numbers
of models have been built and regarding that,
effects of each under study parameter is
evaluated on the pavement settlement. In
order to study the effect of the load length, 18
models with various specimen that are used
and are named as HqLWr, where q and r are
mentioned the embedded depth of the
geogrid and length of the applied load,
respectively; for example, HO0.05LWO0.2
introduce a model with 0.05 m embedded
depth of the geogrid and 0.2 m length of
loading, in this study, the length of load area
(LW) has been chosen equal to 0.2, 0.4, 0.5,
1.0,1.1,1.2and 1.5 m.
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Figure 4. Vertical deflection of the pavement for various length of load area when the

reinforcement is placed at q=0.05m.
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Figures 4-6 show the variation of the
settlement of the reinforced pavement along
horizontal direction for each model with a
different length of the load area. Figure 4
represents the surface deformation caused by
changes in the loading area when the

reinforcement is located at the depth of 0.05
m from the surface. As it can be observed, by
increasing the loading length from 0.2 to 1.5
m, the maximum settlement is increased from
2.5 to 22.5 micrometers which is almost
greater around 9 times.
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Figure 5. Vertical deflection of the pavement for various length of load area when the

reinforcement is placed at g=0.25 m.
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Figure 6. Vertical deflection of the pavement for various length of load area when the

reinforcement is placed at g=0.5 m.
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Figure 5 shows how the vertical deflection of
the pavement surface varies when the
geogrid reinforcement is placed at the depth
of 0.25 meters from the surface. From this
figure, it is noticeable that increasing the
loading length from 0.2 to 1.5 m, the
maximum settlement increases from 10 to 35
micrometers which becomes almost 3.6 times
greater. In Figure 6, the variation of the
surface deformation caused by changes in the
loading length is depicted when the
reinforcement is at a depth of 0.5 meters
from the surface, it can be observed that by
increasing the loading width from 0.2 to 1.5
m the maximum settlement is increased from
9 to 34 micrometers which is almost 3.77
times greater. As it can be observed in
Figures 4-6, by increasing the length of the
loading area, the settlement increased but the
changes in the settlement were different by
increasing the location depth of embedded
geogrid. When the geogrid is close to the
loading surface, deformation and settlement
are lower but the lowest changes in the
settlement have occurred for geogrid with the
burial depth of 0.25 m which seems to be the
optimal geogrid burial depth to reduce the
effect of increased loading on the
deformation.

3.1. Effect of undrained shear strength of
the subgrade on the vertical deflection

In order to study the effect of the
undrained soil properties, 15 models with
various specimen that are used and are
named as UHQCc, where q and c are the
mentioned values of the embedded depth of
the geogrid and undrained shear strength. For
example, UHO0.5C30 introduce a model with
0.5 m embedded depth of the geogrid and

undrained shear strength equal to 30 kPa. In
this study, undrained shear strength (C) has
been chosen as 30, 50, 100, 150 and 200 kPa.
The results of the assessment of the effect of
the undrained shear strength are captured in
Figures 7-9 for different location of the
embedded geogrid reinforcement. These
figures show that with increasing undrained
shear strength, the wvertical deflection
decreases. Figure 7 presents the changes of
the surface settlement with respect to the
every shear strength of the soil within the
range of 30 to 200 kPa when the geogrid is
buried at the depth of 0.05 m from the ground
surface. According to this figure, it can be
seen that by reducing more than 80 percent
of subgrade strength, the surface settlement is
increased from 1.2 to 3.2 micrometers (e.g.,
this is around 2.6 times rather than C=30
kPa). In Figure 8 the variation of the surface
settlement compared to the changes in shear
strength of the soil within the range of 30 to
200 kPa when the geogrid is buried at the
depth of 0.25 m from the pavement surface
and consequently, it is shown that by
reducing more than 80 percent of subgrade
strength, the surface settlement is increased
from 10 to 30 micrometers (around 3 times
greater). Figure 9 depicts the changes of
surface settlement compared to the changes
in shear strength of the soil within the range
of 30 to 200 kPa when the geogrid is buried
at the depth of 0.5 m from the ground; in
these conditions, by reducing more than 80
percent of subgrade strength, the surface
settlement is increased from 10 to 25
micrometers (2.5 times greater).
Consequently from these figures, it can be
observed that the amount of settlement is
influenced by the subgrade strength and
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when the geogrid is buried at the depth of depth of 0.5 m from the ground, the
0.05 m from the ground, the settlement is settlement changes caused by shear strength
lower and when geogrid is buried at the have been minimal.

Distance from center load (m)
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Figure 7. Vertical deflection of the pavement for various undrained shear strength of the

subgrade when the reinforcement is placed at g=0.05 m.
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Figure 8. Vertical deflection of the pavement for various undrained shear strength of the
subgrade when the reinforcement is placed at g=0.25 m.
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Figure 9. Vertical deflection of the pavement for various undrained shear strength of the

subgrade when the reinforcement is placed at g=0.5 m.

3.2. Effect of Poisson's ratio and elastic
modulus of the subgrade on the vertical
deflection

In order to study the effect of Poisson’s ratio
of the subgrade, 15 models with various
specimen that are used and are named as
HqVv, where q and v are the mentioned
values of the embedded depth of the geogrid
and Poisson’s ratio of the subgrade. For
example, H0.25V0.3 introduce a model with
0.25 m embedded depth of the geogrid in a
subgrade with Poisson’s ratio equal to 0.3.
Also, In order to study the effect of modulus
of elasticity of the subgrade, 15 models with
various specimen that are used and are
named as HqEe, where g and e are the
mentioned values of the embedded depth of

the geogrid and modulus of elasticity of the
subgrade. For example, H0.25E55 introduce
a model with 0.25 m embedded depth of the
geogrid in a subgrade with modulus of
elasticity equal to 55 MPa; in this study, the
Poisson’s ratio of the subgrade (v) has been
chosen equal to 0.3, 0.35, 0.4, 0.45 and 0.49
and the elastic modulus of the subgrade is 45,
55, 65, 75 and 85 MPa. It is seen from the
results which are depicted in Figure 10, that
with increasing Poisson’s ratio from 0.3 to
0.49, the wvertical deflection will decrease
around 27%. Figure 11 shows that with
increasing subgrade elastic modulus, from 45
MPa to 85 Mpa vertical deflection will
decrease around 48.8%.
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Figure 10. Variation of vertical surface deflection along horizontal direction for the models with

various Poisson's ratios of the subgrade when the reinforcement is located at g=0.05 m.

Distance from center load (m)

0 0.5 1 1.5 2 2.5 3 35 4
-0.5 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 |
€ 05|
S H.05E4
% 1 .05E45
= o= H.05E55
3 15
= H.05E65
S [
s 2 —=—H.05E75
>
2.5 | —¥—H.05E85
3

Figure 11. Variation of vertical surface deflection along horizontal direction for the models with
various elasticity moduli of the subgrade when the reinforcement is located at g=0.05 m.
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4. Conclusions

In this paper, a numerical 2D model using
FEM software PLAXIS-2D is developed in
the presence of soil-geogrid-interaction in
order to evaluate the effective parameters on
the performance of the rehabilitated
pavement. Based on the results of this study,
the following remarks can be concluded that
increasing of the Poisson’s ratio and
elasticity modulus of the subgrade leads to a
reduction of the wvertical deflection. In
addition, the surface settlement will decrease
when the undrained shear strength is greater
amount but this reduction is a function of the
depth level that the geogrid reinforcement is
embedded. This study showed that with
increasing the length of the load area, vertical
settlement have grown, but more deflection
will be increased by increasing the embedded
location depth of the geogrid. In general, it is
noticeable that the behavior of the
rehabilitated roadway is strongly affected by
the parameters studied in this paper and in
practical cases these should be considered.
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