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Abstract

In recent years, Reinforced Earth retaining structures have beco
more desirable for construction and civil engineering projects becat
of their suitable performance, variationof design and construction
methods. In this article, the performance of batkback reinforced
earth walls has been evaluated and analyzed. Throughout the artic
the effect of different parameters such as angle of internal friction, s
unit weight, mhesion, using different materials in layers with 1

thickness and reinforcing elements' specifications has been analy:
For detailed information from the site of the wall, a borehole was drille
to a depth of 30 m and geotechnical tests were doneHiormozgan

province (Iran). The results show that the lower length and tensi
strength can be used with higher angle of internal friction and adhesic
Also, utilizing material in different layers produces a more favorab
performance, optimization and deeases the strength of reinforcel
elements.

Keywords: Geosynthetic reinforced soil walls, Finite element,
Deformation, Stability
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1 Introduction

Mechanically stabilized earth retaining walls (MSE), also
known as reinforced soil walls, are widely utilized throughout
the world because of simple construction techniques, aesthetics
and also, they arecost effective too. In principle, MSE retaining
wall is a composite system that consists of soil reinforcement,
backfill material, facing element and foundation. Since the first
Geosynthetic reinforced soil (GRS) retaining wall was built in
1970 in France this system has been used successfully as earth
retaining structures for more than four decades. Superiority of
the geosynthetics over other reinforcements has made the
geosynthetic earth walls one of the important options in
designing the retaining walls Qhaderiet. al. (2005) examined
the parameters influence on the sloped embankments
reinforced with geotextile fibers. Their studies revealed that
the stress distribution in the embankment height is
independent of the geotextile layers' length. Also, thincrease
in the length and number of geotextile layers caused improved
safety factor of the embankment against the sl[i]. Subaida
(2008) investigated the experimental strength of the woven
geotextile against tension and extraction of geotextile from the
soil. The results showed that the strength of the geotextiles with
narrowly woven fibers did not largely differ for the soils with
different grain sizes. But for the geotextiles with wider woven
fibers the extraction strength is greater for the finer soil grains
than the coarse sand?2]. Bilgin (2009) using the ruling failure
state tried to determine the minimum length and the minimum
shortening possibility in the reinforced earth walls. For this
purpose parameters such as the wall height, surcharge, the
distance of vertical reinforcements, the backfill material

properties and the foundation were considered. Results of the
studies showedthat the inner and outer failures are important
criterions for determination of the minimum required length
[3]. Siavoshniaet. al. (2010)evaluated the performance of the
embankment reinforced with geotextile fibers constructed on
the fine grain soil and modeled it using PLAXIS 2D softwaliée
results s h o wtehdd & ¢ r etatsenrbga n ksmeagiridt S
height from the bed while increasing thegeotextile layers
stiffness causes decrease in settlement of the embankméit.
Huang et. al. (2010) evaluated the effect of the wall toe
horizontal stiffness on the reinforced earth retaining wall
performance under practical conditions. Thenumerical results
indicated that wall toe stiffness in the bed is responsible for
bearing a significant part of the loads resulting from the soil
pressure in the systenfi5]. Fuente et. al. (2011) studied three
new innovative models in precast concrete panels with
experimental pull out potential of the strips. Results sugest
that using such models can cause the increase in performance
as well as facilitating the construction proces$]. Noorzad et.
al. (2010) experimentally investigated clay reinforcing with
geotextile. Results of their study show that, with the increase in
the soil moisture, the maximum stress tolerated by the soil
decreases for both with and without geotextile states, while
some axial strain in the failure is observed. This is while the
increase in the soil compaction results in escalation of the
strength and axial strain of the soil in both states[7].
Abdelouhabet. al. (2011)investigated the numerical analysis of
the earth wall behavior with different types of strip
reinforcements including metal strip and strip made of
synthetic Polymeri materials with moderate stiffness (GS50)
and high stiffness (GSHA). Results showed that using
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geosynthetic strips caused more deformation and highesafety
factor valu€g[8]. Sengupta(2012) performed a numerical study
using limit equilibrium and finite element methods for the
failure of the reinforced earth walls. The deformation results
predicated by the finite elements method can be compared with
the actual data [9]. Esfandiari et. al. (2012) caried out
experiments on the galvanized steel strips with transverse
members aiming to increase the pull out capacity. Results of
their study show that using diagonal members ould cause
increase in the pull out capacity as well as decrease of the length
required by the steel strips[10]. Alam et. al.(2013) studied the
load-bearing mechanism of the steegrid placed in the
reinforced earth walls and its pull out capacity. The numerical
results demonstrate that if constant values are considered for
the soil friction angle and the coefficientof lateral earth
pressure, the lurden pressure will have no considerable effect
on the load capacity[11]. Mirmoradi et. al.(2016) studied the
combined effect of toe resistance and facing inclination on the
behavior of GRS walls. The results indicate that the values of
t 4ax (summation of the maximum load mobilized in the
reinforcement layersQ AT A o (thel summation of the
connection load9 at the end of construction and at the
beginning of the surcharge load applications were similar, but
the values oft 4ax were greater thant 4 for both walls at
higher values of surcharge load and toe releagé?2]. Shehata
(2016) performed a numerical study using finite element
method for effect of attaching shelves to a cantilever retaining
wall. The results S h 0 wtehd@d shelves significantly
decrease the maximum bending moment and the top
movement of the wall. [13]. Tajabadipour et. al.evaluated the
performance of reinforced earth retaining walls when using tire
chips sand mixture as backfil.The results indicate thatthe
mixture, with the ratio of 30:70 under the condition ofapplying
surcharge load or even without it, was found to be the most
'''''' i AOAOEAI
[14]. Despite all of the effort the researchers have devoted to
the performance of the geogrid reinforced earth walls, it seems
there is no adequate practial data regarding the backo-back
walls' performance when using materials with different
specifications and properties. Thus in this paper, influence of
backfill type and material properties such as friction angle,
adhesion, use of in different layers ath etc, on the performance
of reinforced soil segmental retaining walls under working
stress conditions (end of construction) is investigated using a
numerical model.

2 Numerical modelling

Numerical modelling has been a useful tool for engineering
design andit helps to better understand of different problems.
The definition of modeling may vary depending on the
application, but the basic concept remains the same.

By Use of numerical modeling can be considered diffrerent
changes created in stress, straindisplacement and other
parameters in various locations of the structure.

The real position can be modelled using plane strain or axial
symmetry models. In 2dimensional analyses, it's possible to
choose the two element types of #ode and triangular

15-node. In sixnode elements, the elements' displacement
approximation function considered, is of second order and the
stiffness matrix of this type of element is acquired using three
stress points, but in the triangular 15node elements, the
displacement appioximation function is of fourth order and 12

Al i DAGBL. O OEA

strain points are considered for it to determine the stiffness
matrix.

2.1 Hardening -soil model (HS)

The HardeningSoil model (HS) and Hardening Soibmall
(HS-small) models are designed to reproduce basic phenoman
exhibited by soils such as: densification, stiffness stress
dependency, plastic yielding, dilatancy, strong stiffness
variation with growing shear strain amplitude in the regime of
Ooi Al OO0O0A BT O Mk (HE prmdel was initially

formulated by Schanz [15}[18], Vermeer and Bonnier [19].

As for the MohrCoulomb model, limiting states of stress are
described by means of the friction angley, the cohesion, ¢ and
the dilatancy angle§ . However, soil stiffness is described much
more accurately byusing three different input stiffnesses: the
triaxial loading stiffness,Eso, the triaxial unloading stiffnessEur,
and the oedometer loading stiffnessksed. As average values for
various soil types, we haveEur ~3Eso and Eoed ~ Eso, but both
very soft and very stiff soils tend to give other ratios oEoed Eso.

Eoed= Eso, Eur =3Es0, %1 A A—— (1)

In contrast to the MohrCoulomb model, the HardeningSoil
model also accounts for stresslependency of stiffness moduli.
In such situations there is also a simple relationship between
the modified compression index}?, as used in models for soft
soil and the oedometer loading modulus[22].

wA[;EOOA‘E“ @

Where pref is a reference pressure. Here we consider a tangent
oedometer modulus at a particular reference pressure 'g.
Hence, the primary loading stiffness relates to the modified

compression index}* or to the standard CarpClay compression
I OEAO

Similarly, the unloadingreloading modulus relates to the
modified swelling index[” or to the standard CamClay swelling

ETAAG [8 4EAOA EO OEA ADPDPOI GEI AC

OA/E

©)
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This relationship applies in combination with the inputvalue
m=1.

Figure 1 shows the analysis of reinforced earth retaining wall
with 6 m height for three constitutive model and specification
of constitutive models are described inTable 1.

# Hardening soil model & Mohr-coulomb # Linear Eiasti:l

w
Helght of wall

-0,05 0,04 -0,03 0,02  -0,01 0

Horizontal displacement

Figure 1 Three constitutive model for wall with 6 m height.

| EGEI C OAOEI O
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Table 1: Characteristics of different models uses in this study.

Hardening Linear
Soil Model ~ Mohr-Goulomb e
TYPE Drained Drained Drained
rd (KN/m 3) 18 18 18
Kx (cm/s) 1.00E01 5*10E-6 5.5*10E-6
Ky (cm/s) 1.00E01 5*10E-6 5.5*10E-6
Cret (KN/m 2) 0.1 0.1 -
n() 40 40 -
Y 10 10 -
E
41 41 R
(Mpa)
Eoed(Mpa) 50 - -
Eso
50 - -
(Mpa)
Eur (Mpa) 150 - -

In this regard horizontal displacement of the wall has been
investigated. MohrCoulomb model represents a'firstorder'
approximation of soil behaviour and in this studyresults are
given less than hardening model.thudt is recommended to use
this model for a first analysis of the problem considered. For
each layer one estimates a constant average stiffness. Linear
elastic model is logical conclusions, so hardening model with
consideration the stiffness for each layer of soil is more
accurate [22]. In thisstudy, for all simulations plaxis sofware
and harding model was used with aforemention results.

3 Geometry of the modeled wall

Figure 2 illustrates the cross section of the studied models
geometry. In modeling, the walls are considered with the
identical height of H=6m. Statistical analyses have been
performed in different states without surcharge on the walls
with identical height and the underground water level for all
the models is considered with attention to drilling that was
performed in Hajiabad (locaed in the southern part of Iran)
and water table 30 m under the foundation of wall.

Facing

Retained
Soil BackFill

WalHeight H=6m

T ReinforcEmem
Vertical Spacing, Sv=0.5m

Foundation Soil
Length.L=0.7TH Im

Leveling Pad Length L=0.7H

Figure 2 Geometry of the modelled wall.

3.1  Characteristics of material

The material predicted for the numerical modelling included
the backfill material, precast concreteblocks and geogrid
elements. The parameters used in the wall are briefly described
in the following sections.

3.2  Backfill materials

In this study a specimen of granular soil with hardening (HS)
behavioral model has been used. Table 2 represents the
embankment specifications used in the modeled wall.

Table 2 Characteristics of different material.

Dense Silty Clayey
Sand Sand Sand
TYPE Drained Drained Drained
rd (KN/m 3) 21 19 18
Kx (cm/s) 1.00E-01 5*10E-6 5.5*10E-6
Ky (cm/s) 1.00E-01 5*10E-6 5.5*10E-6
Cret (KN/m 2) 0 5 15
n i c 41 33 38

3.3  Specification of facing materials and reinforcements

For numerical analyses precast concrete block type is usethe
precast concrete panels are commonly square or rectangular in
shape with typical dimensions of 125 to 200 mm thick and
1.2-1.5 m high and a front face width of 1.5 or 3 m.

In the study, blocks with a height of 1.5m, thickness of 0.2m,
axial stiffness EA=7.5*1 kN/m and bending stiffness
El=2.5*10* kN.m2/m have been used.

In this study two types of geogrids with different stiffness were
used (Geogrid A 1000 kN/mand Geogrid B 1400 kN/m).Each
interface has been assigned with a virtual thickness whicis an
imaginary dimension used to define the material properties of
the interface. A typical application of interfaces would be to
model the interaction between a sheet pile wall and the soll,
which is intermediate between smooth and fully rough. The
roughness of the interaction is modeled by choosing a suitable
value for the strength reduction factor in the interface (Rter).
For the present analysis, a typical value ofifer=0.67 is used for
the fill soil. This factor relates the interface strength (wadl
friction and adhesion) to the soil strength (friction angle and
cohesion).

3.4 Local geology of walls foundation (site reconn -
aissance)

Geotechnical drillings were performed in specified site to
determine the subsurface layering characteristics. The depths
of the bore-holes were limited with top 30 m. The bore-hole
drillings were performed in Hormozgan province and in
Hajiabad city (Figure 3).
| R € WY £

N

Figure 3: Location of Site (Hajiabad city).

Hormozgan Province is one of the 3provinces of Iran. It is in
the south of the country, in Iran'sRegion 2 facingOmanand the
UAE It has an area of 70697 kéhand its provincial capital is
Bandar Abbas The province has fourteen islands in thBersian
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Gulf and 1000 km (620 miles) of coastline Qeshm and

Hajiabbad are the important cities of Hormozgan province.
Qeshm Island is located a few kilonters off the southern coast
of Iran (the Persian Gulf), opposite the port cities oBandar

Abbas and Bandar Khamir. Hajiabad county is located about
100 km north of Bandar Abbas(the central city of Hormozgan
province). The sedimens in Hajiabad are coarse grain brown
gravel (Figure4).

Figure 4 and Table3, show characteristics of differersoil layers
and dynamic parameters. This profile has been used for
wall-foundation modelling.
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Figure 4: Site stratigraphy and maximum shear modulus.

Table 3 Characteristics of bore hole used in this
study(foundation of wall).

10- 12-
Depth (m) 0-2 2-4 4-6 6-8 8-10 12 14
rd (KN/m 3) 182 184 18.3 18.6 19 19.2 19.6
n() 35 36 36.25 38 41 43 45
Cref (KN/m 2) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
E (Mpa) 13 15 18 15 41 49 35

Eoed(Mpa) 208 241 28.9 24.1 65.8 78.6 56.1

Eso 208 241 289 241 658 786  56.1
(Mpa)
Eur 62.4 723 867 723 1974 2358 1685
(Mpa)

Type(uscs)y GM  GM  GM SM GM GM SM

Table 4:Soil parameters experiment in Hajiabad.

Soil Roperties Standards Values
-TEOOOOA AT 1 ASTMD221680 0.4-2.8
specific gravity, GS BS 1377 2.66
Plasticity index, PI ASTM D42459 0
AASHTO classification AASHTO M145 A-3

optimum moisture
AT 1T OAJ@®h 5 AASHTOT 18M 14.2
- AgEI O AoOu AASHTO 16
(KN/m3) T 180-A
cohesion, C (kN/n#) ASTM D308072 0
&OEAOQEI 1T AT ASTMD308072 28

4 Problem layout

In this study, the effective parameters in the performance of the
geosynthetic reinforced earth walls has been comprehensively
and precisely analyzed. For this purpose a geogrid reinforced
earth wall with the height of 6 m has beenused. The
reinforcement length has been considered by FHWA code[33].
The prefabricated blocks of 1.5m height and 0.2 m thickness
have been used as the surfacing elements (Figure 2). The
parameters studied in this paper are as follows:

4.1  Effect of backfill m aterial

In this section the effect of the geotechnical parameters
including the angle of internal friction, specific unit weight and
cohesion of the material has been considered@he unit weight
and friction angle for soils ranged from 18 kN/n#% to 22 kN/m3
AT A £O0T 1T o0¢Jd OF tc¢Jh OAOPAAOEOAI
For this purpose the sandy material with different
geotechnical specifications has been used (Table 2).The
execution of reinforced earth walls is carried out in layered
form and from the sare material. it seems like there is no
adequate practical data regarding the walls' performance when
using materials with  different  specifications and
properties.Hence,in this study a number of walls constructed
using materials in differert layers.in this regard the materials
available in Hormozgan province and Hajiabad city were tested.

The sand samples used in the present experimental tests were
obtained from the desert of eastern part of Hormozgan
Province; Iran. Major parts of this ara are covered with the
sand which is characterized as poorly graded soil with high
permeability.According to BS 1377 specific gravities of sand
estimated 2.66.

The particle size distribution is as follows: average grain size,
D1o = 0.22mm, Bo = 0.38 mmand Dso = 0.62 mm,uniformity
coefficient, ¢=2.82; and coefficient of curvature, &1.06 ,and
the plasticity index (PI) was zero.This sand is classified as
poorly graded sand (SP), according to the Unified Soil
Classification System (USCS) (Table4).

Strength parameters of this sand at the optimumMoisture
content ,obtained from triaxial apparatus are C=0 anth=28.

In order to obtain the optimum state and desirable
DAOAI O ATAA T &£ xAl1h OEA (AEEAA
with internal friction of 40 degrees and three other materials
including Dense Sand, Silty Sand and Clayey Sand are used in 4

layers with 1.5 m thickness (Table 5, Figure 5).
Table 5 Characteristics layers of different embankment

H* M* E1l E2 E3 E4 E5
Layerl Sand SW SW H* Ds* SC SW

layer2 Sand SW DS* DS* H+ sw oY
Sand

Silty Silty .
Layer3 Sand SW Sand SW Sand H SC

Layer4 Sand SW SC SC SW DS* H*

Note: E* denote: Embankment H*:Hajiabad materiat M*: Main model
(models with out cohesion and granular materials with friction angle of 40
degree)and DS*Dense Sand.ayers are named from bottom to top see Figure 5.

4.2  Effect of reinforcing material

The effect of different parameters of reinforcing elements
including tensile strength,the distance of the first reinforcing
layer from the wall bed, as well as using two stepwise and
sloped models (Figs. 6 and 7) for different materials has been
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studied. Figure 6 shows the stewise model used for the
geogrid reinforced earth wall. In this model a distance of 0.5
has been considered between the geogrids and a geogrid length
of 4.5m has been divided into two part of three and one meters
has been placed first and then a lengthf@bout 0.5m of geogrid
is transferred to a layer located at the height of 0.5 from the
previous layer. Next, the Im of the geogrid stretches along the
soil and filling is performed for the next layer, then the same
procedure goes on for the remainindayers (Figure6). In this
section two types of geogrids with different stiffness were used
(Geogrid A 1000 kN/mand Geogrid B 1400 kN/m). Six types of
soils with different properties and two types of geogrids have
been used with the given specificationsdr assessment of the
wall performance using the mentioned system.

m

Layerd 1

Block facing Reinlgreement

3

6m

i
5
1
i
15
1
i
Layer2 1.8m

Layerl 1.5m
' 1
' )

[=— 4.5m —= =— 4.5m —=

= =02m

Foundation sol 14m

Figure 5 Schematicdiagram of reinforced earth wall with
different layers.

Figure 6: Schematicdiagram for the step model used in this
study.

Figure 7 shows sloped models used in wall. A total of eleven
reinforcement layers with 0.5 m distance and two geogrid
strengths (Geogrid A 1000 kN/mand Geogrid B 1400 kN/m)

are used to make this model (Figure 7Y he first 3 meters are
parallel to the ground and the other 1.5 meters are sloped

/f Geognd //.
) di
= L_/{ P

Figure 7: Schematicdiagram for the slope model used in this
study.

5 Results and discussion

In this study, the effective parameters in the performance of
back-to-back geosynthetic reinforced earth walls have been
analyzed.For this purpose a geogrideinforced earth wall with
the height of 6m has been used. The reinforcement length has
been congdered by FHWA cod€g33].The prefabricated blocks

of 1.5 m height and 0.2 m thickness have been used as the
surfacing elements (Figure2). Hence, in this study anumber of
walls were constructed using different materials (Table 2).

5.1 Effect of reinforced soil friction angle

Figure 8 shows the effect of the friction angle for 3 different unit
weights and tensile strengths at maximum horizontal
displacement. As it is seen from Figure 8, the maximum
horizontal displacements decrease with the increase in the
internal friction angle. With the increase in the angle of internal
friction, the geogrid length has a more limited effect, so that for
OEA AT CIAO [1710A OEAT ouwJ
displacement for the two 3.5 and 4.5n lengths has been close
to each oher. The increase in the geogrids' tensile strengths
caused the maximum horizontal displacement to decrease, but
£l O OEA AT ci A0 EECEAO OEAT oyl
Using more geogrid tensile strength has limited the effect of the

length in the wall performance. The increase in the unit weight

has caused increase of the maximum horizontal displacement.

Also, with the increase in friction angle, the increase in unit

weight has less effect on the horizontal displacement of the wall

so that the difference has been decreased for the angles higher

than 40 degrees.

yT CAT AOAi nh OEA EOEAOEIT AT CiAO
better performance of the wall and for the angles higher than

1t OEA CAT COEA OAT OEI A OOOAT c¢
impact on the horizontal displacement. For example, using an

ATcl A T &£ ET OAOT Al EOEAOQETT T £ 1
kN/m3 for the two 3.5 and 4.5m lengths had about 0.2%
difference in the maximum horizontal displacement. Also, the

tensile strength of 1400kN/m in stead of 1000kN/m for the

4.5 m length caused a difference of about 0.11% in the
maximum horizontal displacement. It appears that it would be

bl OOEAT A 61 OOA OEA AT CiAO T E E
mentioned in this paper to benefit from geogrids of 3.5m length

and 1000 tensile strengths. This will result in a savings of about

11 min the geogrid length in the wall.

Figure 9 shows the normalized graph of maximum vertical
displacement (settlement) as per the angles ofternal friction.

With the increase in the angle of internal friction, the settlement

is lowered so that this decrease for the friction angles higher

OEAT 1tnJ EAO AAAT Aforltt®mighodk Al U
AFOEAOEI T COAAOAO OEkehce fomhk mOEA O,
3.5 and 4.5 m lengths has been quite close ahds sometimes

been almost equal.

With the increase in the geogrid tensile strength, the maximum

vertical displacement has decreased; such decrease has been
lowered with the increase in the amgle of internal friction of the

Ol El AT A &£ 0 OEA AT CIAO 1 &£ EOCEA
tensile strengths value has limited effect isettlement. Itshould

be noted that with the increase in the strength and angle of
internal friction value, the length will have lesser effect in the

i AgeEi Oi OAOOI Ai AT O O1 OEAO &£ 0 O
difference for the 3.5 and 4.5 m lengths is very limited and
sometimes almost equalThe increase in the amount of specific

weight has caused the settlemenincrease. But the point is that
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such increase is limited by the increase in the angle of internal
friction. With respect to the results obtained from Figs.
v ATA wqQqh EOEAOQETI]
performance of the wall in maximumdeformation. Also, the use
of greater angles of internal friction has caused shortening of
the reinforcement length and the tensile strengths.

= G.5°= 1000 & L"=3.5& y-=18
e 521400 & L=3.5 &y=18

=l G5-=1200&L=3.5 & =18
e (521000 &1=3.5 & y=20
e 521400 &1=3.5 &y=20

2

G.5=1200 & L=45 &y=22 G5=140081=45 &y=23

L
[

L
=]

=
©n
1

B g/ H (%0)

=
=]
1

o
©n

00 L

32 34 36 38 40 42
Friction Angle (degree)

*Denote: G $=Geogrid Strength (KN/m) & L=Length (m) & y=unit Weight (KN/m?)

Figure 8 Effect of friction anglein Horizontal displacement

Figure 9: Effect of friction angle invertical displacement
5.2 Cohesion

Figure 10 represents the maximum horizontal displacement for
the two lengths and three different cohesion values as per the
angles of internal friction. As the cohesion tends to increase, the
maximum horizontal and vertical displacement of the wall is
decreasing (Figurel0,11).Also, the increase in the cohesion
value caused decrease of the geogrid length effect, thus for the
AT ¢cl A0 COAAOAO OEAT 1tmJ OEA
displacement values for the two 3.5 and 8m lengths got very
close to each other.

With the increase in the cohesion valueto 5kN/m2 the
difference of maximum horizontal displacement value for the
angles of internal friction has become considerable. However,

the difference is less for the angAO COAAOAO OE
(Figure10).Using more cohesion of material has caused the

AT Ci A0 EECEAD d Eadgridoty Jhave Aldwkr Affedd O Anaxibrd 1 O A A

displacement of the wall, so that for the angles of internal
AOEAOETIT COAAOAO OEAT 1t1mnJ GEA AE
and 4.5m lengths was very slight or there was almost an overlap
between the two. In general, using sandy material with higher
cohesion percentage has caused better performance of the wall;

also, by the increase in the cohesion value for the angles of
intAOT Al EOEAOQETT T &£ 11T 0A OEAT 1m
lengths, 3.5 and 4.5m have come closer to each other
(Figurel0, 11).

Figure 10: Horizontal displacement of wall forvarious friction
angle and cohesion.

Figure 11. Vertical displacement of wifor various friction
angle and cohesion.

This means decrease in the geogrid length, so that using the

sand materials with 5kN/m2 AT A EZOEAOQET T AT Cl /
caused a difference of about 0.12% between the results of two

3.5 and 4.5m length valuesand decrease of the geogrid length

for about 11 m along the wall length.

5.3 Performance of reinforced earth wall using step
model

Materials with higher angle of internal friction resulted in the
decrease of the maximum horizontal and vertical

i Adigrtacegents § RGO ¢k fistepyise modelithe eilFationd A |

of materials with greater angle of internal friction and cohesion
has caused closeness of the results compared with the normal
state. Tensile strength of the geogrid plays a significant role in
decreasing themaximum horizontal and vertical displacements
in stepwise model application (Figurel2, 13).



