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Abstract

In recent years, lots of environmental problems have been cre-
ated due to the advancement of technology and increasing the
use of rubber material throughout the world as well as the lack
of a correct and fundamental solution to rubber burial, recy-
cling, and optimum use of it. In this paper, the performance of
reinforced earth wall with geogrid and different percentages of
crumb rubber—sand, as lightweight materials, have been eval-
uated and analyzed. In this regard, 20 types of embankment,
formed by 4 layers of different material with a height of 2.5
meters, have been used. The results indicate that the mixture,
with the ratio of 30:70 by weight or 50.:50 by volume under the
condition of applying surcharge load or even without it, was
found to be the most suitable filler material compared to the
other mixing ratios.
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1 Introduction

By the advancement of human societies and the increasing
use of vehicles, millions rings of scrap tires around the world is
taking out of the consumption cycle and collecting as garbage
every year. Due to the high volume of scrap tires, dangerous
fires occurrence, and the high cost of hygiene disposal, this
issue has become one of the biggest environmental problems.
Therefore, providing some solutions to this problem seems to
be necessary. Some of the solutions are reusing them as filler
materials in construction projects, such as road construction,
retaining walls, and drainage systems. Over the past two dec-
ades, several studies have been conducted about the application
of crumb rubber in the reinforcement of retaining earth walls
and also about its use as filler materials in the road construc-
tion [1-3]. In addition to using crumb rubber in geotechnical
projects, it is important to pay attention to possible environ-
mental pollutions caused by these material types. For this rea-
son, many experimental and field studies have been performed
on the environments and fluids which are placed next to these
materials. The obtained results show that no harmful effect is
relevant and the only environmental limitation in the use of
crumb rubber is related to their self-ignition potential [1-4].
In1998, the ASTM regulation provided the D6270 instruction
to decrease this potential. Foose et al. (1996) investigated the
behavior of sand reinforced by scrap tire chips with direct shear
tests. The results of this research have illustrated that in all the
cases, the addition of tire chips has caused an increase in the
internal friction angle [5]. Lee et al (1999) investigated the
use of tire chips as a light weight material. Triaxial test results
and theoretical studies on the finite element method showed
that there is a linear relationship between the deviator stress
and axial strain of rubber components and chips [2]. Yoon
et al (2004) studied bearing capacity and settlement of sand
reinforced with crumb rubber by conducting plate load tests.
The results of that research showed that the bearing capacity
of the loose sand reinforced with scrap tire chips is 2 times
more than the bearing capacity of loose sand. The settlement
decrease caused by reinforcing the sand with the mixture of
brick fragments and tire chips has been more than 70% for
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the loose sand and 34% for the dense sand [6]. Youwai and
Bergado(2004) used the numerical analysis of reinforced wall
with tire chips and concluded that the total tensile force is nor-
malized and wall lateral movement is increased by increasing
the percentage of rubber chip mixture weight [7]. Gatland et
al., (2005) conducted some studies on mixtures of crumb rub-
ber-sand. Their research results showed that the percentage of
crumb rubber has had a significant effect on the shear strength
of the mixture of sand-crumb rubber [8]. Hataf and Rahimi
(2005) investigated the use of scrap tire chips to increase bear-
ing capacity with experimental models. Their results suggested
that the addition of tire chips to sand would increase the C.B.R
ratio from 1.17 to 3.9 [9]. Attom (2005) conducted some direct
shear tests to investigate the effect of the addition of tire chips
on the physical properties of sands, and the results suggested
increased sand internal friction angle and shear strength [10].
Ghazavi and Amel Sakhi (2005) conducted researches on the
effect of the rectangular rubber particles on the strength param-
eters of sandy soil. The results of direct shear test showed that
there was only one specified length for a fixed width which
provides the maximum angle of internal friction [11]. Raju and
Prasad (2009) performed CBR tests on the mixtures of soil
and the rubber powder, the highest resistance was reported at
6—8 volume percent [12]. Tanchausawat et al (2009) studied
interaction between geogrid and crumb rubber-sand mixture to
determine the characteristics of the sand backfill materials. The
experimental results indicated that dry unit weight of crumb
rubber - sand is more affected to the water content than that of
the sand; and also the weight mixture by 30:70 or volume mix-
ture by 50:50 is more appropriate than the other mixtures used
in this way [13]. Balumaini et al (2009) investigated the inter-
action between the steel strip with crumb rubber-sand mixture.
The results showed that the capacity of the steel strip pulled out
in a mixture of crumb rubber-sand is more than in crumb rubber
[14]. Nakhaee et al. (2011) studied the properties and dynamic
behavior of soil-crumb rubber mixtures as well as the impact of
their use on the retaining walls using large-scale triaxial tests
and numerical analysis. Their research indicated that shear
modulus are decreased for each limiting pressure along with an
increase of tire. Also, a significant reduction was observed in
the dynamic pressure and the residual displacement [15].
Historical studies show that the use of synthetic fill materials
behind reinforced earth walls is one of things that have always
been an interest of researchers. Despite the extensive theoreti-
cal and experimental studies, it seems that the use of recycled
materials behind walls and influencing factors in the optimal
design and implementation of these types of walls are among
cases in need of more research. The current study investigated
the performance of geogrid reinforced soil walls and the use of
crumb rubber-sand as lightweight materials behind the wall.

2 Material properties
2.1 Backfill materials

Filler material, precast concrete blocks, and geogrid material
are used in this study. A new type of recyclable materials, which
was used in reinforced earth walls, has been introduced in order
to reduce the costs. New mixtures are composed of crumb rub-
ber and Ayutthaya sand was used by Tanchaisawat et al. based
on the conducted tests [13]. According to ASTM D854-97 and
ASTM C127-0, specific gravities of sand and crumb rubber are
respectively estimated 2.65 and 1.12. These figures correspond
to those suggested by Tanchaisawat et al. [12, 17, 18]. The per-
centage of particles passing sieve No. 200 was measured to be
equal to 1.64% with D,/ =22mm, D, = 0.38 mm and D, = 0.62
with effective particle diameters. Coefficient uniformity (Cu)
and curvature coefficient (Cc) were 2.82 and 1.06, respectively.
According to the Unified Soil Classification System (USCS),
sandy soil can be classified as poorly graded (SP) and the size
of the most crumb rubber used have been in the range of 12 to
50 mm (Table 1).

Table 1 Index properties of Ayutthaya sand and tire chips [13].

Property Ayutthaya sand Tire chip
Specific gravity, Gs 2.65 1.12
Effective diameter, D | (mm) 0.22 5.10
Coefficient of uniformity, (Cu) 2.82 -
Coefficient of curvature, (Cc) 1.06 -
Classification (USCS) Sp -
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Fig. 2 Particle-size distribution of Ayutthaya sand and tire chips [13].
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Table 2 Model parameters

Mohr-Coulomb Foundation Soil loose Sand Dense Sand Silty Sand Clayey Sand Sand& Gravel
TYPE Drained Drained Drained Drained Drained Drained
v, (KN/m®) 17 16 18 17.5 19 18
v, (KN/m’) 20 18 20 19 21 20
K, (m/s) 5.00E-04 2.23E-03 3.69E-01 5.00E-06 5.50E-06 5.00E-06
K, (m/s) 5.00E-04 2.23E-03 3.69E-01 5.00E-06 5.50E-06 5.00E-06
v(-) 0.3 0.25 0.35 0.35 0.3 0.35
¢, (KN/m?) 10 0 0 0 12 0
$ () 40 34 45 33 40 48

Figure 2 represents the particle-size distribution curve of the
sand and tire chips.

The crumb rubber-sand mixture used in this study are gener-
ally divided into 4 groups:

*  (for crumb rubber) 0: 100 (for sand)

«  30:70
e 40:60
« 50:50

The first case in which the materials were used without
crumb rubber was five types of sandy materials with different
geotechnical characteristics (Table 2). Permeability of various
types materials (Table 2) considered based on Swiss Standard
SN 670 010b [33].

Table 3 shows the results of compression tests carried out
for each material. Maximum dry density for crumb rubber-
sand mixture changes was between 9.5 and 13.5 kN/m®. The
optimum moisture content also varies from 5.7 to 8.8% [13].
In this mixture, the amount of sand has had an effect on the
mixture dry density, however the moisture content has not had
any effects on the dry density. The homogenity of tire-sand
mixtures performed based on mixing ratios of the tire chip—
sand mixtures.Table 4 indicates the shear strength parameters
of crumb rubber-sand mixtures with different percentages
obtained from pull out and large-scale direct shear tests.

The shear strength of material and geogrid components are
increased as the amount of sand are increased due to the crumb
rubber cavities being filled by sand. For vertical stresses and
identical proportions, cohesion and friction angle are obtained
less for each element of geogrid reinforcement material than
filler materials. The friction angle and cohesion of backfills
when use of geogrid B are obtained more than geogrid A.

In this study, crumb rubber was also used in the addition
to the crumb rubber-sand mixtures. In this regard, the perfor-
mance of crumb rubber with different sizes and shapes are dis-
cussed according to research and various tests which were car-
ried out recently (Table 5).

Table 3 Compaction test results of tire chip—sand mixtures [13].

Mixing ratio of tire Max. dry unit Optimum moisture

chip:sand(% by weight) weight(kN/m?) content(%)
0:100 18.71 12.5
30:70 13.60 8.8
40:60 11.90 7.1
50:50 9.50 5.7

The interaction between the elements of reinforcement and
materials has been considered based on experimental studies
[13]. The geogrid interaction coefficients B estimated in direct
shear and pull out tests were 0.93 and 0.74, respectively. The
geogrid interaction B was higher in the direct shear test due
to the large size of the geogrid aperture, and in the pull out
test, a lower interaction coefficient has been obtained due to
the lower tensile strength. The geogrid interaction coefficient
A with materials, obtained in both of the pull out tests in direct
shear, was 0.87 (Table 6).

2.2 Reinforcing material

The two geogrid types selected in this research are based
upon the reinforcement elements used in the pull out and direct
shear tests (Tanchaisawat et al.). Geogrid A (Saint—Gobain
DJG 120X120-1) consists of high tenacity woven polyester
fibers existing in polymeric blend. Geogrid B (100/30 Polyfelt
geogrid GX) consists of high strength polyester fibers. These
fibers are woven in a stable network and protected by poly-
meric coating (Fig.3). Tensile strength of geogrid A was 120
kN/m with strain at break 12.7%, and the tensile strength of
geogrid B was 100 kN/m with strain at break of 13.2%. These
values are not so different from those in the product specifica-
tions of their manufacturers [13].

The distance considered between the geogrids in all the
models is 0.5 m. The first and last reinforcement layers were
placed 1 m from the bottom of the wall and the top of it. Dif-
ferent regulations have announced different minimum variable
lengths of reinforcement for reinforced soil walls. In this study,
the length 0.7 H has been used according to the FHWA regu-
lation [21].
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Table 4 Shear strength parameters of tire chip—sand mixtures and with geogrid reinforcement [13]

Mixing Mixtures only j’Vith geogrid A * With geogrid B
ratio g; (k]‘";a) (f) (f) ¢ (kPa)  c* (kPa) (f) (f) ¢ (kPa)  c¢*(kPa)
30:70 26.31 15.50 21.25 24.22 13.50 12.80 20.96 25.80 10.00 13.50
40:60 23.43 13.20 19.57 21.25 12.10 10.00 19.00 22.08 7.55 11.00
50:50 18.43 12.90 17.57 17.86 11.00 9.80 16.58 18.15 6.90 10.00

Note: & denotes skin friction angle obtained from in-soil pull out tests. & * denotes

sion obtained from in-soil pull out tests. ¢, * denotes adhesion obtained from large-

2.3 Characteristics of precast concrete block

The solid segmental blocks used in this numerical analyses
were precast type of concrete blocks. The height of this block
type is 1.2-1.8m and its thickness is 0.18-0.3m. In this research,
blocks with a height of 1.5 m, thickness of 0.2, axial stiffness
EA =7.5*%10°kN and bending stiffness EI = 2.5*10* kN.m have
been used. Figure 1 shows the cross-sectional geometry of the

models.
Table 5 Shear strength of different types of tire shreds
Maximum  Unit weight C [oid
Author Size (mm)  (kN/m)  (KN/m?) ©
Humphrey 76 6.13 11.5 19
(1993) 51 6.3 7.7 21
13 6.19 22.7 11.2
Ahmed (1993)
25 6.32 254 12.6
Yang (2002) 10 5.73 1.6 11
Gotteland (2005)  Cireular 6.1 19 16.3
chips
Table 6 Interaction coefficients of geogrid reinforcements
Mixing Ratio Tire ~ C~(R,, pull out GB GBR (Full
Chip:Sand & Full scale R, (pull scale shzar test)
p: shear test) out)
30:70 0.87 0.74 0.93
40:60 0.87 0.74 0.93
50:50 0.87 0.74 0.93

Note: R, “denotes Interaction Coefficient

The walls were considered with the same height H =10 m
in modeling system. In all models, static analysis was done
without the surcharge load and underground water level at the
bottom of the wall.

3 Numerical modeling

Numerical modeling is one of the effective tools to further
understand the behavior of different structures, and using this
type of modeling, it is possible to observe changes created in
stress, strain, displacement and etc,in different structure points.
The PLAXIS software has been used for modeling. The real
position can be modeled using plane strain or axial symme-
try models. This software can consider the two model types
of plane strain and axial symmetry. Also, it is possible to use

skin friction angle obtained from large-scale direct shear tests. ¢, denotes adhe-
scale direct shear tests.

different models of soil behavior such as linear elastic, Mohr
Coulomb, hardening soft soil and soft soil creep models [16].
In the present research, for higher accuracy in the measurement
of the stresses and strains, the 15-node element has been used.

The height of the panel wall (H = 10 m) and depth of toe
embedment (D = 50cm). The width of the numerical model
was selected to concurrently optimize computation time and
minimize the influence of problem boundaries. The length of
the reinforcement elements was taken as L=0.7H (7m), which
is a typical recommended minimum value in design codes
(FHWA). The wall facing was modeled as discrete Panels of
1.5m height with a horizontal joint thickness of 20mm.The
panels and joints (bearing pads) were modeled using linear
elastic beam elements.in this study the width of materials in
the back of wall and depth of foundation is considered 25,10m,
respectively.

When the geometry model is fully defined and material
properties are assigned to all clusters and structural objects,
the geometry has to be divided into finite elements in order
to perform finite element calculations. A composition of finite
elements is called a mesh.in this investigation the basic type
of element in a mesh is the 15-node triangular element and in
fine mesh.

4 Problem layout

One of the most important elements in reinforced soil walls
are backfill materials. In most cases, granular fill materials are
used, but the important point beside their geotechnical advan-
tages is their price. Therefore, it is necessary to use recyclable
materials and study about their effects on the performance of this
type of wall. To study the effect of using crumb rubber and also
its different mixtures with sand as light materials in reinforced
soil walls with finite element method (FEM) has been employed
to analyze some walls. For this purpose, along with using the
results of the two full scale tests of pull out and direct shear, the
mixtures of crumb rubber-sand with the weight percentage of
30:70 (sand), 40:60 and 50:50 (crumb rubber) have been used.

In this regard, five soil types (Table 2) with various granula-
tion and sizes have been employed for evaluating the perfor-
mance of the wall compared to the case in which mixtures of
crumb rubber-sand have been used. For the simultaneous effect
of geogrid tensile strength and soil type, two geogrid types with
the mentioned properties have been applied.
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The wall performance has been accurately assessed when

using different percentages of crumb rubber with other sand

materials both after construction state and while applying differ-

ent surcharge. Despite all the efforts that researchers have put into

studying the performance of reinforced soil walls, it seems that

the use of combined back wall materials, and with formed layers

of different materials have been studied less. Therefore, 20 types

of backfills with different properties (Table 7) have been used in

a layer with a height of 2.5 m (Fig. 4).The effect of using crumb

rubber-sand mixture in the wall foundations in layers with 0.5
and 1m heights has been studied (Fig. 6). To evaluate the effect of
soil type used in wall foundation, while using crumb layers, a 1

meter crumb rubber layer with a weight percentage of 30:70 and

different geotechnical materials, whose properties are given by

different researchers, have been used (Tables 8, 9 and 10).

{ 15 mm

Saint-Gobain geogrid

Junction

i

\

.
nb

Polyfelt geogrid

Fig. 3 Junction patterns of Saint-Gobain (geogrid A) and Polyfelt

(geogrid B) [13]

Block Facing

echanically Stabilized
Earth Mass

/

7

Different sand backfill

Foundation Soil

Fig. 4 Use of backfill materials in different layers

Block Facing

Mechanically Stabilized

Earth Mass

Foundation Soil

Fig. 5 Use of crumb rubber with different maximum size

Table 7 Different layer back fill

Layer1 Layer2 Layer3 Layer4

Embankment 1 Ayutthaya sand 30:70" 50:50 40:60
Embankment 2 30:70 Ayutthaya sand 40:60 50:50
Embankment 3 40:60 50:50 Ayutthaya sand 30:70
Embankment 4 50:50 40:60 30:70 Ayutthaya sand
Embankment 5 Dense Sand 30:70 50:50 40:60
Embankment 6 30:70 Dense Sand 40:60 50:50
Embankment 7 40:60 50:50 Dense Sand 30:70
Embankment 8 50:50 40:60 30:70 Dense Sand
Embankment 9 Sand & Gravel 30:70 40:60 50:50
Embankment 10 30:70 Sand & Gravel 50:50 40:60
Embankment 11 40:60 50:50 Sand & Gravel 30:70
Embankment 12 50:50 40:60 30:70 Sand & Gravel
Embankment 13 Clayey Sand 30:70 50:50 40:60
Embankment 14 30:70 Clayey Sand 40:60 50:50
Embankment 15 40:60 50:50 Clayey Sand 30:70
Embankment 16 50:50 40:60 30:70 Clayey Sand
Embankment 17 Sand & Gravel Dense Sand 30:70 40:60
Embankment 18 Dense Sand 30:70 40:60 Sand & Gravel
Embankment 19 30:70 40:60 Sand & Gravel Dense Sand
Embankment 20 40:60 Sand & Gravel Dense Sand 30:70

Note:" Mixing ratio of tire chip:sand (% by weight)
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Table 8 Properties of Granular Materials [22].

Reference Material Test method" (zlr:l)) MaXimun(lk(;lJ‘/yn:ls)nit meight Repor;fldglfer fetion
Nash (1953) Closely graded river sand DS 0.14 16.1 36.5
Kirkpatrick (1965) Leighton buzzard sand TC 0.37 17.5 40.5
Lee and Seed (1967) Sacramento river sand TC 0.14 16.3 39
Koerner (1970) Crushed Ottawa sand TC 0.25 16.3 40.3
Holubec and Appolonia (1973) Ottawa sand TC 0.15 17.6 35
Zelasko et al. (1975) Ottawa 3545 TC 0.37 17.7 39.1
Salgado et al. (2000) Ottawa sand (ASTM C778) TC 0.28 17.6 35.9
Simoni and Houlsby (2006) Leighton buzzard sand DS 0.21 18.8 45
Cerato and Lutenegger (2006) Brown mortar DS 0.3 16.7 483

“DS=Direct shear and TC=triaxial compression.

Mechanically Stabilized
Earth Mass

Block Facing Sand backfill

om A
& 5

Different shredded tire-sand mixtures —

Foundation Soil

Fig. 6 Use of crumb rubber in the foundation of wall

Table 9 Properties of clayey sand

Maximum dry

Friction angle Cohesion

Material ur;;:l\}z;';i;g)ht ©) (KN/m?)
Clayey Sand No.1 19 40 2
Clayey Sand No.2 19 40 4
Clayey Sand No.3 19 40 6
Clayey Sand No.4 19 40 8
Clayey Sand No.5 19 40 10

5 Results and discussion
5.1 Effect of different percentage of tire chips—
sand mixture in performance of wall
Figure 7 shows the normalized graph of the maximum hori-

zontal displacement (6, / H(%)) for different percentages

hmax
of crumb rubber-sand mixtures and other sand materials. The
results indicate that the increase of crumb rubber proportion
in mixture with sand increases the horizontal displacement of
wall. Therefore, the increase in the percentage of crumb rubber
or the decrease of sand in the mixture of crumb rubber-sand
increases the maximum horizontal displacement of the wall.
The present results have a conformity with the past numeri-

cal studies [13].

Figure 8 shows the normalized graph of maximum settle-

ment (& /H(%)) for different soils. The increase in the per-

centage of the crumb rubber does not cause significant change
in the settlement degree. When the mixture of crumb rubber-
sand is used, the strength of the geogrids is not so effective in
the maximum settlement, and with the increase of the quantity
of crumb rubber to 50%, it has had the same result for both of
the geogrids. Concerning to other sands, the geogrid strength
has a higher effect on the maximum quantity of the settlement,
and for dense and cohesive soils, this effect is less. Generally,
the use of the crumb rubber-sand mixture has a very desirable
effect compared to the other materials on the maximum quan-
tity of the settlement degree. The pull out of reinforcement ele-
ments and the parameters of materials shear strength are the
effective factors in the maximum displacement of reinforced
soil walls. Therefore, in this research, the results from full scale
pull out and direct shear tests (Tanchausawat et al. (2009)) have
been used. The results of the pull out test show that the quantity
of the sand in the mixture of rubber-sand is directly influence
in the pull out strength due to the higher internal friction angle
of sand over the crumb rubber. The 30:70 mixture with a lower
percentage of crumb rubber than other percentages used in the
mixtures, has a higher pull out strength (Fig. 9).

The 30:70 percent has a higher special weight compared to
the other materials (Table 3). The results from the full scale
direct shear test suggest that the increase in the percentage of
crumb rubber in the mixture of crumb rubber-sand decreased the
maximum shear strength (Fig. 9). The 30:70 percent used in the
wall also has the lowest horizontal displacement compared to the
other percentages used, and the results finely have a conformity
with the experimental studies. Also, the increase in the density
and cohesion of the soil decreased the maximum horizontal dis-
placement of the wall. When clayed sand or dense sand is used,
the tensile strength of the geogrids has a lower effect on the per-
formance of the wall, and this effect tangibly is increased in the
other sands along with the increase of crumb rubber.

The studies performed on different percentages of crumb
rubber in the previous section covered the issues for the time
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after the construction which has been finished without applying
surcharge. Figures 11 and 12 show the effect of surcharge on the
maximum horizontal displacement and settlement for different
percentages of crumb rubber-sand and different surcharge. The
increase of surcharge has involved the increase of the horizontal
and vertical displacement of wall for all the materials. Of course,
the increasing trend caused by the surcharge in the mixture of
sand and gravel for the maximum horizontal displacement was
less in comparison with other materials. When the surcharge is
applied, the increase in the percentage of crumb rubber or the
decrease of the quantity of sand in the mixture of crumb rubber-
sand has led to the increase in the wall displacement, and the use
of a 30% crumb rubber mixture compared to the other percent-
ages has resulted in a more favorable performance.

Figure 13 shows the safety factor when different percent-
ages of crumb rubber-sand were used for the two geogrids A
and B compared to the other materials. The results show that
the use of the 30% crumb rubber has a higher safety factor
compared to the other percentages of crumb rubber. The tensile
strength of geogrid B, when dense soils, sand-gravel mixture
and 30% crumb rubber are used, is not significantly different
from the tensile strength of geogrid A, and has involved the
similar safety factor. The full scale pull out and direct shear
tests for each geogrids A and B, performed by Tanchausawat
et al., led to the different interaction coefficients.

In this section, the effect of different interactions for each
reinforcement elements in the wall displacement and also
safety factor are studied. With increased crumb rubber quan-
tity, the difference between the two tests of pull out and direct
shear for geogrid B would increase, and the safety factor is
decreased. Also, the maximum settlement values for geogrids
B (in the two test) and A are not so different. Generally, the use
of the results obtained from the pull out test resulted in some
confidence inclined coefficients (Fig. 14).
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Fig. 10 Maximum direct shear stress versus normal stress [13].
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5.2 The effect of the backfill behind the wall with
different percentages of crumb rubber in various
layers

In the back of the wall, usually one type of fill material is
used in layers. In this paper, different backfill materials in lay-
ers with a height of 2.5 m were used. The purpose of this way
is to investigate the effect of using different materials on the
performance of geosynthetic reinforced earth walls. The stud-
ied models include 20 different types of backfills in layers
with a height of 2.5 m, and for each walls, 4 types of materi-
als with different properties were used. Among the provided
models, backfill 9 (E9) had the lowest displacement and set-
tlement. The results show that while these types of materials
were used, the difference in the geogrid tensile strength had no
effect on the displacement and settlement, and the values for
the two geogrids A and B have a conformity with each other.
The use of three layers of crumb rubber-sand and one layer of
sand and gravel resulted in a better performance compared to
the other states. By placing a sand layer lacking crumb rubber
in higher layers, the values for horizontal displacement and set-
tlement were increased, and the most optimal state was when
sand materials lacking crumb rubber were used in the first layer
(Figs. 15 and 16).Among the models, only the backfill 3 (E3)
model had a performance similar to the Ayutthaya sand, and all
the studied models had a lower displacement compared to the
Ayutthaya sand. Backfills 6, 5, 1 and 13 had an almost equal
maximum displacement and when they were used, a similar
performance was achieved with the use of clayey sand.

[ ——Geogrid A —=—Geogrid B

By, may/H (%0)

0.2

0.0

30:70
40:60
50:50

Sand & Gravel
Dense Sand
Clayey Sand
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Hybrid Embankment

Fig. 15 Effect Use of backfill materials with different layers in Horizontal
Displacement.
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Therefore, it’s possible to use material combinations such
as backfill 1 to cause a similar displacement compared to when
clayey sand was used.

BackFills 9, 14 and 17 had the better performance com-
pared to each fills. When this type of backfill was used, the
geogrid tensile strength had no effect on the wall performance.
For example, when backfill 9 was used, a horizontal displace-
ment equaling almost 0.34 was obtained, whereas for the 30:70
crumb rubber-sand mixture, combination of sand and gravel,
and clayey sand, the obtained displacements were 0.47, 0.6 and
0.42, respectively (figure 15 and 16).

It seems that the use of sand and gravel one-layer in the
primary level and the other crumb rubber-sand mixtures in the
next levels (E9, Table 7) resulted in less horizontal and vertical
displacement compared to when each aforementioned materi-
als have been used (Figs.15 and 16).

5.3 The effect of crumb rubber with different
maximum size

In this part, crumb rubbers with different maximum sizes
have been used in three layers with a height of 0.5 m (Fig. 5).
In this regard, three different percentages of crumb rubber-sand
have been used as backfill materials. The purpose of this part
was to investigate the effect of using crumb rubber layers, the
size of the crumb rubbers, the effect of the simultaneous use of
crumb rubber and mixture of crumb rubber-sand. For this pur-
pose, the properties of crumb rubbers with different maximum
sizes resulting from various experimental studies of different
researchers have been used.

Figures 17 and 18 show the values of wall horizontal dis-
placement and settlement when three crumb rubbers with dif-
ferent sizes, sand fills, mixture of sand and crumb rubbers with
different percentages are used. In these figures, it’s observed
that in a state in which crumb rubber layers are used, less hori-
zontal settlement has been achieved. The increase in the per-
centage of crumb rubber in the mixture of crumb rubber-sand

has resulted in the increase of wall’s horizontal displacement
for all the crumb rubber sizes. The use of a 30% mixture of
crumb rubber-sand has led to a better performance.

When the mixture of crumb rubber-sand was used, the size
of the crumb rubber-sand particles had a lower effect on the
maximum horizontal displacement and by the mean, had a dif-
ference about 0.03%. The particle sizes, when sand as the fill
materials were used, had a higher effect on the maximum wall
displacement.

The increase in the maximum of crumb rubber particles for
all the fill materials including the mixture of crumb rubber-
sand and sand resulted in the decrease of the horizontal wall
displacement. Figure 19 shows the effect of crumb rubber size
and the percentage of crumb rubber with the use of the pull out
test performed by Balunaini [14, 20]. According to the pull out
test, the increase of the maximum particle size of crumb rubber
resulted in the increase of the pull out capacity and decrease of
the displacement. Of course, the point worth mentioning is that
the particle size of the crumb rubber had a small effect.

The results of the pull out test show the increase of the par-
ticle size caused increasing pull out capacity, and in the wall
studied in this paper, the increase of the particle size caused
decreasing horizontal displacement and this result is a good
agreement with the results of the pull out test. The simultane-
ous use of crumb rubber layers and crumb rubber-sand mixture
for all the crumb rubber percentages had a very small effect on
the maximum settlement. In the sand fill, the increase of the
crumb rubber particles led to the increase of the settlement.
Generally, the use of crumb rubber layers compared to the use
of different materials lacking crumb rubber layers, resulted in
maximum settlement increase (Fig.18).

Figure 20 shows the different materials used in the previous
parts, which had a better performance compared to the other
states. In comparison to all the states, the combined design of
layers with a height of 2.5m for the two fills of 9 and 14 resulted
in the wall’s best performance. The use of the 30:70 crumb rub-
ber-sand mixture resulted in less displacement compared to the
other percentages and backfills. The horizontal displacement
resulted from the three crumb rubber layers, when the 30:70
crumb rubber-sand mixture was used, had the most desirable
state in the previous part. The results show that the use of com-
bined design of materials compared to the other states, caused
less horizontal displacement, and also the design can become
more economical.
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5.4 Use of crumb rubber in the foundation of wall

In order to evaluate the effect of using crumb rubber-sand
in wall foundation, layers with depths of 0.5 and 1m (Fig. 6)
with different percentages of crumb rubber-sand, have been
used. The increase of the layer depth from 0.5 to 1m, when the
crumb rubber-sand was used, has caused the maximum wall
displacement and settlement increased. The geogrids strength
had a higher effect when the quantity of crumb rubber-sand and
depth was increased, and for the other states, their difference
was almost constant (Figs. 21 and 22).

The increase of the percentage of crumb rubber in the mix-
ture of crumb rubber-sand has caused an increase in the maxi-
mum horizontal and vertical displacement (settlement) for
depths of 1 and 0.5m. Also, this effect was increased with the
increases of depth. The use of different percentages of crumb
rubber resulted in the increase of wall displacement in a way
that for the main wall state and geogrid A, horizontal and verti-
cal displacements about 0.66 and 0.32, respectively, have been
resulted, and when 1 meter layer was used in foundation, the
values, were measured for the 30:70 compound, were 0.96
and 0.5, respectively. Figure (23) shows the safety factors for
geogrid A when 1 meter layer was used in the wall foundation
with different combinations. The use of different combinations
of crumb rubber-sand and other states results in reducing safety
factor. The increase of the crumb rubber percentage from 30 to

Displacement. 50 decreased the safety factor from 1.53 to 1.291.
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Fig. 20 Performance of earth wall for various materials.
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The use of the 1 meter layer in the wall foundation for the
state in which, the most desirable materials are used, results in
the decrease of the safety factor about 0.3. Generally, the use of
crumb rubber-sand in the foundation soil with different depths
does not have a desirable effect on wall performance.

To evaluate the effect of different wall foundation soils
when one replaced layer of crumb rubber materials was used,
a 1m layer replaced with the 30:70 compound of rubber-sand
was used in the wall foundation. In this regard, 6 different
types of granular soil, whose geotechnical properties have
been reported by different researchers, and 5 soil types with
different cohesion have been used. The increase of the angle
of internal friction and cohesion decreases the wall horizontal
displacement and also increases the safety factor. The increase
in the internal friction angle and cohesion does not have much
effect on the maximum settlement (Fig. 24). Generally, the use
of crumb rubber in wall foundation for soils with higher inter-
nal friction angle and cohesion causes the better conditions for
the wall performance.

6 Conclusions

This paper shows the performance of geogrid reinforced soil
wall when different percentages of crumb rubber-sand and only
crumb rubber are used. The results show that:

1. The increase in the percentage of crumb rubber when
it’s combined with sand increases maximum horizontal
displacement, but does not really affect in the maximum
settlement.

2. The mixture of 30:70 crumb rubber-sand resulted in a
better performance in the wall. The tensile strength of
the geogrids for sandy soils with high cohesion or den-
sity has less effect on the maximum horizontal displace-
ment and this effect was significantly increased via the
increase of the crumb rubber.

3. The compound design of back wall materials, when a
sand layer is placed in the primary level and the other
crumb rubber-sand mixtures are placed in higher levels,
results in very good wall performance and higher safety
factors compared to the cases in which, crumb rubber-
sand mixtures or sand materials have been used.

4. The use of crumb rubber-sand in the wall foundation
caused increase of the maximum horizontal displace-
ment and settlement, and the increase in the percentage
of crumb rubber increased the changes the use of crumb
rubber-sand in the wall foundation did not desirable
affect on the wall performance.

5. The decrease of the quantity of sand in the mixture of
crumb rubber-sand for the two states of post-construc-
tion and when different surcharge have been applied
caused increase of wall displacement.

6. The use of crumb rubber-sand mixture resulted in the
decrease of the effect of reinforcement elements’ tensile
strength.

7. Using materials in layers possibly decrease the wall
horizontal displacement, increase the safety factor and
also decrease the design cost.
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8. The increase in the maximum size of crumb rubber from

9.5 to 50-100mm caused increase of pull out strength
and also the decrease in the wall displacement.

9. Long-term behaviour of reinforced earth walls requires

field measurements thus due to the different experimen-
tal study in this issue, the distribution of the horizontal
displacement of the wall after the completion depends
on facing and materials used in the wall. For relatively
flexible wall facing material, displacement advances
in the top layer, but in the case of relatively stiff wall
facing material, arc shaped deformation with its peak
close to the middle of the wall height appears and use
of materials with less unit weight (such as chip tire sand
mixture) caused less displacement.
10. Distributions of strain of the geogrids in long-term
depends on different parameters such as wall facing,
charactristics of back fill and etc. flexible wall facing,
distributed in the shape of a parabola with its peak close
to the active failure line, and if relatively stiff wall fac-
ing is done, its distribution is shaped like a triangle
with its peak close to the wall facing. Use of scrap tire
in reinforced earth wall caused increase in interaction
between geogrid and materials and reduced the strain
in geogrids.
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