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A series of reduced scale plate load tests was conducted to evaluate the bearing
capacity of a strip footing resting on granular slopes. The effect of three factors
including geocell burial depth, geocell length and spacing of geocell layers were
discussed and evaluated. In this regard, 18 tests were performed to investigate the
behavior of one and two layered geocell-reinforced slopes as well as the
unreinforced slope and plain conditions. The results suggest that in single-layered
geocell-reinforced slope, the optimum burial depth of the first layer of geocell
reinforcement is 0.1 times of the strip footing width, whereas at greater depth
beneficial effect of the geocell will reduce. In addition, expanding the
reinforcement length up to approximately three times the foundation width could
effectively increase the bearing capacity, whereas extending the length beyond
that does not lead to any significant improvement. Furthermore, it was observed
that use of two geocell layers by considering an optimum geocell space of 0.2
times of the foundation width could enhance the bearing capacity up to 226% in
comparison with the unreinforced slope, and up to 79% of the plane condition for
settlement ratio of 15%. Finally, the results indicate that the efficiency of the
geocell reinforcements in lessening the gap between slope and plane conditions
increases as the settlement of the footing rises due to better mobilization of
dilation characteristics of granular backfill material and better lateral confinement
of coarse aggregates in greater strains.

Introduction

characteristics of the backfill material (Castelli

In many cases, the foundations of structures are
constructed in marginal ground conditions,
which may bring about lack of bearing capacity.
This can include the construction of buildings,
roads in hilly regions and bridge abutments on
the top of slopes. When a foundation is located
on the top of a slope and subjected to footing
loading, it will lead to a reduction in ultimate
bearing capacity in comparison with the case that
the foundation is constructed in plain condition.
The decrease in bearing capacity depends on the
location of footing on the crest, slope angle, and

and Motta, 2009; Chakraborty and Kumar, 2013;
Keskin and Laman, 2014; JavanKhoshdel and
Bathurst, 2015; Halder and Chakraborty, 2020;
Chou et al., 2023).

The improvement of bearing capacity of these
types of slopes is consequently one of the
fundamental issues in foundation engineering
practice since such structures are prone to slope
failure. In recent years, researchers have
reported beneficial effects of planar geosynthetic
reinforcements to enhance bearing capacity of
footings located near the edge of slopes
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(Bathurst et al., 2003; EL Sawwaf, 2007;
Alamshahi and Hataf, 2009; Halder and
Chakraborty, 2018; Tavakoli Mehrjardi et al.,
2016; Moradi et al., 2019; Kakrasul et al., 2020;
Liu et al., 2021; Nazari et al., 2025). These
investigations have indicated that geosynthetic
reinforcements can enhance both the ultimate
bearing capacity and the settlement
characteristics of the foundations. However,
geocell confinement in three dimensions better
minimizes the lateral and vertical movements of
the soil particles compared to the geogrids and
geotextiles. Considerable investigations have
been done on the geocell-reinforced foundations
in the literature due to their extensive
applications in the field of engineering (Dash et
al., 2001; Madhavi Latha et al., 2008;
Moghaddas Tafreshi and Dawson, 2010a; Dash,
2012; Neto, 2019; Tabatabai et al., 2019;
Tavakoli Mehrgardi et al.,, 2019). The
parameters influencing the performance of
geocell-reinforced  foundations and  their
optimum aspect ratios reported in previous
studies are presented in Table 1.

Several studies have investigated the
mechanisms and failure modes of the geocell-
reinforced retaining walls and slopes.
Mehdipour et al. (2017) and Khorsandiardebili
and Ghazavi (2021) provided an analytical
approach to calculate the safety factor of geocell-
reinforced slopes. Also, Ardakani and Namai

(2021) performed a numerical study to evaluate
the behavior of geocell reinforced slope using
FLAC 3D. Chen and Chiu (2008) investigated
the behavior of geocell-reinforced retaining
walls. Their findings suggested that when the
reinforcement was embedded in the lower zone
of the backfill, the wall’s upper part displaced
more than the lower part. Chen et al. (2013)
showed that the failure modes of the gentler
geocell-reinforced walls consist of a few slides
passing along the interface between geocell
layers, while that of the steep vertical walls
revealed both modes of interlayer sliding and
overturning failure. Song et al. (2018), via
centrifuge model tests, found that when the slope
inclination is relatively large, the sliding wedge
propagates near the slope crest.

Calculation of the bearing capacity of a strip
footing resting on the geocell-reinforced
granular slopes is an applied problem in
geotechnical engineering. Although several
studies have been conducted to evaluate the
behavior of the geocell-retaining walls under
self-weight or surcharge, there are limited
studies on the effect of footing loading on the
stability of the geocell-reinforced slopes.
Therefore, in this study, the effects of influential
factors such as the burial depth of the first
geocell layer in tandem with its length, as well as
the effect of geocell space in double-layered
geocell-reinforced slopes are evaluated.

Table 1. Effect of several parameters influencing the performance of geocell-reinforced foundations

Parameters Researchers Optimimum Footing BCR Geocell geometry
value type

Pocket size(d,) Dash et al. (2004) 0.8to 1D Circular 7 Chevron
pattern

Particle size Tavakoli Mehrjadi et | d,/D5)=12-18 Circular 5 Non-circular shape

al. (2016) D/D;,=13-27

Relative density Dash (2010) 70% Strip - Chevron
of backfill (D,) Pattern
Width of Geocell | Latha and Rajagopal. b/B=4-6 Strip - Chevron
mattress(b) (2007) pattern

Height of Geocell | Moghadass Tafreshi H/B=1.33 Strip 3 Non-circular shape

mattress(H) and Dawson (2010a)
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Cover thickness Dash et al. (2001) 0.1 Strip 4 Chevron
(u) pattern
Aspect ratio Dash et al. (2001) h/d=1.67 Circular - Chevron
pattern

Test materials

Backfill material

The soil used in this study as backfill material
was uniformly graded soil with medium particle
size (Dsq) of 7 mm. Fig.1 also shows the grain
size distribution of this soil. The technical
properties of the soil, classified as GP in the
Unified Soil Classification System (ASTM
D2487-11), are provided in Table 2.

Geocell

The Geocell used in the tests, made of heat-
bonded non-woven geotextile, had pocket size of
110mmx110mm and height of 50 mm,
respectively. The pockets of geocell have a non-
circular shape (See Fig. 2). As a result, the
pocket size (d,) is defined as the diameter of an
equivalent circular area (d,=110mm). Fig. 2
illustrates a prototype view of the backfill
materials and geocell. The engineering
characteristics of the geocell are tabulated in
Table 3.

In order to mobilize a greater value of friction
angle on the Geocell-grain interface, coarse
aggregate fill materials in addition to medium-
dense fill condition are required. This matter has

been confirmed by several researchers (Manju
and Madhavi et al. 2013, Tavakoli Mehrjardi and
Motarjemi 2018, Tavakoli Mehrjardi et al.
2019). The ratio of the geocell diameter cell size
to the medium soil (d,/Dsy) is about 16. Also, the

ratio of the loading plate diameter to the medium
backfill size (D/Ds) is 21. This complies with
the criterion recommended by Tavakoli
Mehrjardi et al. (2019), as shown in Table 1. Fig.
3(b) shows the schematic of the physical test
setup and its attachments consisting of a testing
tank, loading system, and data measurement
system. The dimensions of the test box are
chosen in such a way that the boundary
conditions do not affect the test results. This
assumption was confirmed based on laboratory
evidence during the experiments.

The monotonic loading system consisted of a
hand-operated hydraulic jack and pre-calibrated
load cell mounted on a steel strip plate, with 650
mm in length, 150 mm in width, and 30 mm in
thickness, hand-operated hydraulic jack and pre-
calibrated load cell mounted on a steel strip
plate, with 650 mm in length, 150 mm in width,
and 30 mm in thickness.

Table 2. Physical properties of backfill material

Description value
Coefficient of uniformity, C, 2.12
Coefficient of curvature, C, 1.13
Effective grain size, D;,(mm) 3.52
Medium grain size, Dgo(mm) 7
Moisture content (%) 2
Maximum dry density (kN/m3) 16.64
Minimum dry density (kN/m3) 13.62
Specific gravity 2.57

Friction angle at D, = 70% (degree)” 45

* Obtained by direct shear test

In this study, the edge distance (D) of 0.5B,,, was
selected, which remained unchanged in all the

tests, ensuring that the footing is close enough to
the slope edge, which necessitates the use of soil



Journal of Engineering Geology, VVolume 18, Issue 5, 2024

667

reinforcement. The hydraulic jack applied the
loading via a pre-calibrated load cell with a
capacity of 10000 kg and an accuracy of £0.02%
of full scale. Dash (2010) showed that the
beneficial effect of the geocell reinforcement
was optimum when the relative density of the
foundation soil was 70%. Consequently, all the
model-footing tests were performed with the
relative density of 70%. In all tests, firstly, soil

100

embankment with the plane surface was
constructed in layers of 50 mm thickness to
reach 500 mm height. The weight of the soil
required to fill each layer was calculated and
placed in each layer separately. A small
compactor was used to achieve the soil relative
density of 70%. Besides, the moisture contents
of the backfill, just before the loading, were also
measured around 2%.

80

60

40

Percent Finer (%)

20

7th Order Curve Fit

0
10 876 5 4 3 2

0.7 0504 03 0.2

0.1 0.07 0.05

Grain Size (mm)
Fig. 1. Particle size distribution curve of the soil used beneath the footing

Table 3. Technical characteristics of the geocell

Description Value

value

Type of geotextile
Area weight (kg/m3)

Non-woven
0.47

Maximum Tensile strength” (kN/m3) 13
Elongation at max strength”™ (%) 55

Effective opening size” (mm)

0.07

“These values are related to the geotextile used in geocells.

The preparation of the unreinforced bed
continued until reaching the level of
reinforcements, after which the geocell
reinforcements were placed, and the pockets of
geocells were filled with a predetermined
amount of soil mass. In order to better assess the
backfill compaction, in some installations and
after backfill placement, soil densities were
measured according to ASTM D1556-07. The
measured relative densities in all experiments

were close enough to 70%. The thickness of soil
cover (u) considered in the current study to
prevent the damage of geocell walls under
footing loads is 0.1B. According to Moghadass
Tafreshi and Dawson (2010b), for obtaining
optimal performance of geocell reinforcement,
the thickness of the soil cover should be within
the range of 0.05-0.1 times the footing size (D).
After reaching the footing level, the steel strip
plate was placed on the bed in its specific
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location. Halder and Chakraborty (2018) showed
that when a strip footing is located on a slope as
the slope angle increases, the effectiveness of the
reinforcement in enhancing the bearing capacity
of the footing increases as well. Therefore, a
slope angle of [40] ~°was selected, noting that
scale effect difficulty was the major obstacle for
not selecting the slope angle less than [40] 7.
Fig. 3(a) shows the geometry of the slope
backfill. The embankment was trimmed to

achieve a slope backfill with an angle (a) of [
"40" ] A" The soil beyond the slope face was
gently excavated by a small shovel to achieve a
slope backfill with an angle of ["40" ] A" .
The excavation was initiated far from the slope
face to minimize the chance of variation of the
beneath the

relative density of the soil

Experimental testing program
In order to investigate the impact of geocell

reinforcements on the response of the strip
footing situated on the sloped backfill, a testing
program was established. In this regard, 18
experimental tests were performed to examine

led geoceil in the‘backfill

foundation as well as the soil near the slope face.
Tavakoli Mehrjardi et al. (2016) also used the
same technique for trimming the embankment to
achieve slope’s backfill with an angle of [45]
A° The sequence of sample preparation is
illustrated in Fig. 5. During the tests, monotonic
loading was applied incrementally to reach the
maximum attainable pressure.

The load was maintained until the footing
settlements reached a plateau. Throughout the
tests, to investigate any possible rocking or
tilting of the footing, settlements were monitored
by two dial gauges with an accuracy of 0.01% of
the full range (50 mm), located on opposite
edges of the loading plate. Similarly, an average
of the recorded values were reported as the
settlement of the footing at each loading step.

the behavior of geocell-reinforced slope using
one and two layers of reinforcement as well as
the unreinforced slope conditions. In addition to
the unreinforced slope test, to make a better
assessment of the reinforcement effectiveness on
slope stability, an unreinforced plane backfill
was constructed and tested.
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Fig. 3. Schematic representation of the test setup (a) Y-Z section, and (b) X-Y section (Not to scale)

According to Table 4, in reinforced models, the
variable parameters involved the burial depth of
geocell (u), length of the geocell layers (L), and
vertical distance between the first and second
layers of geocell (h). Four burial depths
including 0.1B, 0.2B, 0.4B, and 0.6B as well as
three reinforcement lengths of 2.2B, 2.9B, and
4.4B were chosen where “B” is the width of the
loading plate.

(d) Building the slope

It should be clarified that the first step was the
determination of the optimum depth(u,,) and
length (L) of the geocell in the single-layered
geocell reinforced slope. Afterwards, it was
attempted to find the optimum value of the
vertical distance between the second and first
layers of geocell (h) to define an efficient
performance for the double-layered geocell
reinforcement.

(c) Positioning strip plate

(e) Finalized slope model

Fig. 5. Test bed preparation sequence

Moreover, in order to assess the utility of the
apparatus, the accuracy of the measurements, the
repeatability of the system, the reliability of the
results and to verify the consistency of the test

data, a few tests described in Table 4 were
repeated at least twice. A close match between
two experiments was observed.
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Fig. 4. Assembly of the shaft and the base plate installed on the footing

Results and discussion
In this section, the bearing capacity of the

footing located on the slope, bearing capacity
ratio (BCR), slope influence factor (IS),, are
discussed and evaluated.

Single-layered geocell reinforcement
Fig. 6 illustrates the response of the footing

situated on the one-layer reinforced slope by
considering burial depths and lengths of
reinforcements. It can clearly be seen that the
response curves of reinforced slopes were
positioned between the unreinforced slope (as a

lower limit) and the unreinforced plane backfill
(as an upper limit). An important challenge is the
guestion of how much the improvement
technique is effective in enhancing slope
stability. Therefore, it is necessary to compare
the ultimate stresses of footing in “slope” and
“plane” statuses. Consequently, the factor of
slope influence (IS), is defined by Eq. (1),
where, (q)p and (q)i are the bearing pressure of
“plane” and “slope” backfills, respectively.

as),= @

u (q)

Table 4. Testing program

TGSt. . Test configuration u/B L/B h/B No of tests
conditions

. Plane - - 1+12
Unreinforced Slope ) i i 1412
Geocell Single-layered 0.1,0.2,04,06 22,2944 - 12+62
reinforcement  Double-layered Uppt Lope 0.1,0.2,0.3,0.4 4+1°

*“The tests which were performed twice to confirm the repeatability of the test

Table 5 summarizes parameters of slope
influence at footing’s settlement of 0.05B,0.10B,
and 0.15B for the case when one layer of geocell
was used. According to Table 5, as can be
expected, the footing located near the slope edge
witnessed a clear reduction of the bearing
capacity in comparison with the plane status. As
the settlement of the footing increases the failure
planes approach the slope edge, leading to a
greater gap between the bearing capacity of the
slope and the respective value for the plane

condition. In the cases of reinforced slopes, the
geocell walls surrounding the soil restrict the
lateral deformations of soil particles inside them
by tolerating tensile forces through their planes.
In other words, when the failure plane crosses
the geocell layer, the anchoring force provided
by the reinforcement layer withstands the
available driving forces so that, in turn, it makes
the failure wedge form more voluminous than in
the unreinforced slope, leading to a reduction of
the bearing capacity gap between slope and
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plane conditions. To investigate the effect of the
burial depth and the length of the reinforcement
layer, bearing capacity ratio (BCR), according to
Eq.(2), is defined as the ratio of the ultimate
bearing capacity of footing on the reinforced
slope ((qu)Re) to that on the unreinforced slope

((qu)Ur)' Indeed, BCR

reinforcement can improve the performance of
slope. The next section discusses the sensitivity
of the whole system to the aforementioned
parameters.

(dge

describes  how

Effect of the burial depth of the geocell

layers

The graph presented in Fig. 7(a) illustrates the
variations of BCR versus various values of u/B.
As a general trend, it can be clearly seen that
BCR has declined with increasing the burial
depth of the geocell layer. It means that when the
geocell layer was located near the surface, the
positive effect of reinforcement could be more
significant. This can be because increasing the
burial depth of the geocell makes the foundation
more deformable due to the increasing
unreinforced depth of backfill, leading to the
formation of the slide zone over the geocell
layer. In this respect, Chen and Chiu (2008)
showed that for the case where the lower zone of

i) pum———T
650 | ey | =2 9B
—t— =448

E 500 | == & = unreinforced slope

e, UNrEANfOCRd plane 4
v,

o 2 4 6 8 10 12 14 16 18 20 22 24
Footing settlement, S/B{%)

@

the wall was reinforced with geocell, the slip
plane appeared only in the upper zone and
seemed incapable of penetrating through the
reinforced lower zone. Several researchers have
reported that the positive effect of the geocell
layer was greatest when located at the depth of
0.1B the width of the footing (Dash et al., 2001;
Dash et al., 2007; Dash et al., 2008; Moghaddas
Tafreshi and Dawson, 2010a). Furthermore,
Neto et al. (2013) proposed that the depth of the
geocell layer placement must be smaller than
0.2B. As can be seen in the table 5, (IS), factor
of reinforced slope cases experiences a more
significant increase as the settlement ratio
increases. As an example, for S/B=0.05 (IS),
yields 0.57 for the unreinforced model. For u/B
=0.1 and L=2.9 B, IS), reach 0.71, whereas the
correspondence increase in the slope influence
factor is 0.19 for S/B=0.1 and 0.24 for
S/B=0.15.This can be explained by the fact, that
in larger settlements more pressure will be
exerted on the soil beneath the footing, whereas
the geocell layer leads to more uniform pressure
distribution on the underlying layers, thus
enhancing the ultimate bearing capacity more
effectively.

Based on the results acquired in this study, the
most logical value for u/B is considered 0.1,
enhancing the chance of success in backfill
stability.
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Fig. 6. Variations of footing settlement versus applied pressure for unreinforced and single-layered geocell-
reinforced slope (a) u=0.1B, (b) u=0.2B (c) u=0.4B, (d) u=0.6B

Effect of the length of the geocell layers

Fig. 7(b) depicts the variations of BCR for
different lengths of the geocell layers. As can be
seen, BCR has climbed to the value of 1.73, with
increasing reinforcement length from 2.2B to
2.9B, due to the elevated active anchored length
of the geocell. As the length of the geocell
increases, so does the anchorage length,
providing an opportunity for the formation of a
deeper failure wedge and enhancing the slope
stability. Likewise, the increase in geocell length
would result in redistribution of footing pressure
over a wider area below the geocell, thus
reducing backfill deformations. However, for all
values of the burial depth of geocell, the bearing
capacity ratio did not experience any significant
increase beyond the length of about 2.9B. The
geocell layer of width about 2.9B completely
encapsulates the failure zone of the soil. Isik and
Gurbuz (2020) showed that the pullout capacity
of geocell reinforcement becomes almost
constant as the number of cells exceeds three
rows in the direction of pullout force. As a result
of any increase in the reinforcement layer
beyond 2.9B, the extra positive effect of geocell-
anchored length behind the failure wedge would
become insignificant, leading to a negligible
improvement in the bearing capacity of the
reinforced slope. It is worth noting that, Table 5
shows as the settlements exceed S/B=0.05 the
positive impact of extending the geocell length

from 2.2B to 2.9B on the (IS), becomes more
notable. To illustrate this, when S/B=0.05 for the
slope with L=2.9B, u/B=0.1 configuration (IS),
equals 0.71 compared to 0.66 for the case with
shorter reinforcement length (L=2.2B and
u/B=0.1). Nevertheless, when S/B=0.1 the (IS),
yields 0.6 for the latter and 0.69 for the former
case, it shows more obvious improvement as the
settlement rises. Similarly, for S/B=0.15 the
correspondence rise in (IS), factor as a result of
increasing length from 2.2B to 2.9B is more
notable than S/B=0.1. It is noteworthy that
Khalvati Fahliani et al. (2021) stated that the
geocell back length larger than zero has a slight
impact on boosting the footing’s bearing stress
at smaller settlement ratios (/B < 20%).
However, in the current study due to the
presence of coarse soil grains inside geocells, the
dilation of soil particles will result in better
confinement of soil particles in larger
settlements, leading to higher pullout capacity of
the geocell layer. Conversely, when the geocell
length increases from L=2.9B to L=4.4B, the
increase in the reinforcement does not have any
major influence in improving (IS), factor as the
settlement ratio increases. This can be explained
by the fact that excessive geocell back length
does not provide any additional pullout capacity
since negligible stress will be transmitted to the
length beyond the necessary anchorage length.
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To sum up, the optimum length of the geocell of

three times the footing width can be
25
;;‘ —e—1=228
P —=—1=298
21 —o—1=4.4B
2
19
18
8 17 -
1.6 \,&"
1.5 |
1.4
1.3
s ‘\R.\.
11
1
0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8

u/B

(@)

recommended when the loading plate is located
at a distance equal to half of the footing width.

——u/B=0.1
——u/B=0.2
16 | —A—u/B=0.4
—e—u/B=0.6

BCR
.

(b)

Fig. 7. BCR variations with respect to change of (a) burial depth (b) length of geocell layers

Double-layered geocell reinforcement

According to the results presented in Table 5,
although the single-layered geocell layer could
enhance the bearing capacity of the unreinforced
slope, arguably there is a significant gap between
the response of the reinforced slope and
unreinforced plane condition. In order to lessen
this gap, double-layer geocell reinforcement was
examined. Based on the findings of this study, to

provide the best response in single-layered
reinforcement, the burial depth and length of
geocells should be 0.1B and 2.9B, respectively.
Thereafter, the sensitivity of the system to
various spaces between two layers of geocells
was evaluated to find the most stable condition.
Fig. 8(a) illustrates the response of the footing
located on the double-layered reinforced slope
by considering the space between the first and
second layers of reinforcement. Table 6 reports
the values for factors of slope influence at
footing’s settlement of 0.05B, 0.1B, and 0.15B

for the case when two geocell layers were used.
It can be clearly seen that the response of the
double-layered  system has  considerably
improved in comparison with the single-layered
reinforcement. For instance, when h/B was 0.2
for S/B=0.05, the bearing capacity of the
reinforced slope will be almost equal to the plane
condition, and the corresponding (IS), values
for S/B=0.1 and S/B=0.15 are 0.92 and 0.79,
which are significantly higher than the
equivalent values for the case L=2.9B, u/B=0.1
(Table 5). Fig.8(b) shows how the geocell layers
space (h/B) affects the efficiency of the
reinforced slope using the BCR factor.
Interestingly, there is an extremum for the graph,
confirming the existence of an optimum value
for geocell space that is equal to 0.2B, yielding
the highest value of BCR. Conceivably, On the
one hand, when h/B=0.1 geocell layers are close
to each other, due to the lack of interconnection
between the layers, they do not show an
integrated behavior.

Table 5. Factors of slope influence versus footing’s settlement (one layer reinforcement)

Settlement | Unreinforced slope Single-layer reinforced slope

u/B | Reinforced(L=2.2B) | Reinforced(L=2.9B) | Reinforced(L=4.4B)

a1S), 0.57 0.1 0.66 0.71 0.74

S/B=5% 0.2 0.64 0.69 0.71

0.4 0.62 0.68 0.69

0.6 0.61 0.66 0.67

as), 0.5 0.1 0.6 0.69 0.70

S/B=10% 0.2 0.58 0.67 0.68

0.4 0.57 0.66 0.67
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0.6 0.55 0.65 0.66
(IS), 0.35 0.1 0.46 0.59 0.61
5/B=15% 0.2 0.44 0.57 0.57
0.4 0.43 0.55 0.55

0.6 0.41 0.54 0.54

Table 6. Factors of slope influence ((ZS), at S/B= 0.15B for double-layered reinforced slope

Settlement Unreinforced slope Double layer reinforced slope (L=2.9B, u=0.1B)
h/B=0.1 h/B=0.2 h/B=0.3 h/B=0.4
(IS), S/B=5% 0.57 0.88 1 0.94 0.85
(IS), S/B=10% 0.5 0.85 0.92 0.89 0.8
(IS), S/B=15% 0.35 0.72 0.79 0.78 0.68

Noting that in this case, the small thickness of
the soil layer between the first and second layers
of geocell would prevent effective load
distribution on the second layer of
reinforcement. On the other hand, when h/B was
larger than 0.2B, as the distance between the
second layer and first layer increased, the
material between the two layers was subjected to
more displacement, thus increasing the
possibility of the forming shear zone over the
second layer would increase. In this regard,
Yoon et al. (2008) and Moghaddas Tafreshi et al.
(2013) reported that the effective vertical space
of geocell layers was 0.2 times the plate diameter
under plane conditions, while in the case of

larger spaces between geocell layers, the
efficiency of the reinforced system
comparatively reduced.

Scale effect

The theory of dimensional analysis is

summarized in Buckingham’s theorem and is
supported by the scaling laws proposed in the
literature (Langhaar, 1951). The scale effects
associated with the experimental model can be
clarified through dimensional analysis. Several
studies have used the dimensional analysis to
investigate the effects of different parameters on

the performance of the reinforced soil
foundation beds (Fakher and Jones, 1996,
Sireesh et al., 2009). The performance of a
system in terms of physical modeling is directly
dependent on geometrical matters and aspect
ratios. In other words, the scale effect should be
tested in the interpretation of the obtained
results, especially when it applies to practical
models. The major physical parameters
influencing the response of geocell-reinforced
slope systems can be summarized as B, D, u, h,
o, L, D; ,Dsg, @, ¢, v, v, 0, Egyj, Eg ,dg ,Hg; Where
a is the slope angle, D, represents relative
soil’ and
E, are internal friction angle, cohesion, unit
weight, Poisson’s ratio, secant elastic modulus
of the backfill, and elastic modulus of geocell,
respectively. The function that governs the
geocell reinforced slope systems can be written
as Eq. (3).

qu=(B, D, u, h, L, D,.Dsqg.0.c.7.V, Egj -
Ey.dg . Hy . 0) (3)
The equation comprises 16 parameters with two
fundamental dimensions (i.e., length and force).
Hence, Eq. (3) can be reduced to 14 independent
parameters ("z" _"1," "z" "2," "x" "3,........
"n" _"14)" and substituted with Eq. (4)

density of slope’s backfill, ¢, c, y, v, E
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qu_ Du h L D50 C YDSO
B 'B’B’B’B " B ¥ B’ Eyy’

V,E—;,D—W,E,G) (4)

A prototype footing (p) with a diameter n times
that of the model (m), Eq. (5) can be considered

as:
B

n=g2 (5)
The = terms should be equal for both the model
and prototype to maintain the similarity. As an
example, if a strip footing with a width of 1.5 m
is studied (i.e., n = 10), parameters D, u, h, L,
D5y, dy and H, should be considered 10 times the
model parameters. Assuming the soils used in
the model and prototype have the same unit
weight, then E; and E, should be considered
10 times the model parameters. In this situation,
Eqg. (6) can be satisfied to obtain the bearing
capacity of the prototype system. Noting that the
above-mentioned dimensional analysis is limited
for the elastic response of reinforcements.
Otherwise, for the nonlinear behavior of
reinforcements and depending on the transferred
stress level in geocell, the relationships should
be fully adjusted.

(), =) =) =n(E)(a,), =), ©)

Conclusion
A series of plate load tests were conducted to

evaluate the bearing capacity of a strip footing
resting on the geocell-reinforced granular slopes.
This experimental study examined the effects of
key factors, including the burial depth of the first
geocell layer in tandem with its length, as well as
the effect of geocell space in double-layered
geocell-reinforced slope to improve the slope
response against the surface loadings near the
crest. Based on this study, the following
conclusions can be drawn:

o Geocell reinforcement was successful in
increasing the bearing capacity of the
slope due to providing anchorage length
behind the failure wedge and reducing
lateral deformations of the soil particles
surrounded in the geocell pockets.

. The greatest improvement in the bearing
capacity of the slope reinforced with one
layer of geocell was observed when the
geocell layer was placed at a depth of 0.1
times the footing width beneath the
footing base. However, at greater depth
beneficial effect of the geocell reduced
as the failure planes tend to form above
the geocell layer.

o The optimum vertical spacing between
the first and second layers of the
geocells, which resulted in the
maximum ultimate bearing capacity is
0.2 times the width of the footing.

. For surface loading at a short edge
distance, increasing the length of the
geocell reinforcement by about three
times the footing width boosts the
bearing capacity. However, for the
lengths beyond this value, the beneficial
effect of geocell reinforcement would be

insignificant.
. The positive impact of the geocell
reinforcement in  reinforcing the

granular slope increases as the
settlement ratio increases due to the
mobilizing dilation characteristics of
granular backfill material and better
lateral confinement of soil grains by
geocell in larger pressures.

o Provision of geocell reinforcement
beneath the footing increases the bearing
capacity of the footing by 173% and
226% compared to unreinforced slope
for one and two layers of reinforcement,
respectively.

. In the case both geocell layers are
located at optimum depths with
optimum lengths, geocell reinforcement
is successful in enhancing the bearing
capacity of slope up to 77% of the plane
backfill capacity for S/B=0.15.

As with other studies, the results of this research

were influenced by experimental conditions. For

instance, the results were obtained for only one
type of reinforcement, one type of soil, and one
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width of the footing. Specific applications
should only be made after considering the above
limitations. Nevertheless, this study provided
insight into the basic mechanism that establishes
the behavior of slope reinforced by geocell under
static loads, which may be used to guide further
studies.

References
Alamshahi, S., & Hataf, N. (2009). Bearing capacity

of strip footings on sand slopes reinforced with
geogrid and grid-anchor. Geotextiles and
Geomembranes, 27(3), 217-226.
https://doi.org/10.1016/j.geotexmem.2008.11.011
Ardakani, A., & Namaei, A. (2021). Numerical
investigation of geocell reinforced slopes
behavior by considering geocell geometry
effect. Geomechanics and Engineering, 24(6),
589-597.
https://doi.org/10.12989/gae.2021.24.6.589
ASTM D1556 (2007), Standard Test Method for
Density and Unit Weight of Soil in Place by the
Sand-cone Method.
ASTM D2487 (2011),
Classification of Soils for Engineering Purposes
(Unified Soil Classification System), ASTM
International, West Conshohocken, PA
Bathurst, R. J., Blatz, J. A., & Burger, M. H. (2003).
Performance of instrumented large-scale
unreinforced and reinforced embankments loaded
by strip  footing failure.
Geotechnical  Journal, 40(6),
https://doi.org/10.1139/t03-052
Castelli, F., & Motta, E. (2009). Bearing Capacity of
Strip Footings Near Slopes. Geotechnical and
Geological  Engineering, 28(2), 187-198.
https://doi.org/10.1007/s10706-009-9277-9
Chakraborty, D., & Kumar, J. (2013). Bearing
capacity of foundations on slopes. Geomechanics
and Geoengineering, 8(4), 274-285.
https://doi.org/10.1080/17486025.2013.770172
Chen, R.-H., & Chiu, Y. (2008). Model tests of
geocell retaining structures. Geotextiles and
Geomembranes, 26(1), 56-70.
https://doi.org/10.1016/j.geotexmem.2007.03.00
1
Chen, R.-H., Wu, C.-P., Huang, F.-C., & Shen, C.-W.
(2013). Numerical analysis of geocell-reinforced
retaining structures. Geotextiles and
Geomembranes, 39, 51-62.
https://doi.org/10.1016/j.geotexmem.2013.07.00

Standard Practice for

Canadian
1067-1083.

a to

3

Chou NNS, Yang KH, Wu HM, Lin JJ, Ho SJ, & Liu
CN. (2023). Case study of a reinforced soil slope
with marginal backfill as a detention pond in flood
control. Journal of GeoEngineering, 18(1), 033-
047,
http://dx.doi.org/10.6310/j0g.202303 18(1).4

Dash, S. K. (2010). Influence of relative density of
soil on performance of geocell-reinforced sand
foundations. Journal of Materials in Civil
Engineering, 22(5), 533-538.
https://doi.org/10.1061/(ASCE)MT.1943-
5533.0000040

Dash, S. K. (2012). Effect of geocell type on load-
carrying mechanisms of geocell-reinforced sand
foundations. International Journal of
Geomechanics, 12(5), 537-548.
https://doi.org/10.1061/(ASCE)GM.1943-
5622.0000162

Dash, S. K., Krishnaswamy, N., & Rajagopal, K.
(2001). Bearing capacity of strip footings
supported on geocell-reinforced sand. Geotextiles
and Geomembranes, 19(4), 235-256.
https://doi.org/10.1016/S0266-1144(01)00006-1

Dash, S. K., Rajagopal, K., & Krishnaswamy, N. R.
(2004). Performance of different geosynthetic
reinforcement materials sand
foundations. Geosynthetics International, 11(1),
35-42. https://doi.org/10.1680/gein.2004.11.1.35

Dash, S. K., Rajagopal, K., & Krishnaswamy, N. R.
(2007). Behavior of geocell-reinforced sand beds
under strip loading. Canadian Geotechnical
Journal, 44(7), 905-916.
https://doi.org/10.1139/t07-035

Dash, S. K., Reddy, P. D. T., & Raghukanth, S.
(2008). Subgrade modulus of geocell-reinforced
sand foundations. Proceedings of the Institution of
Civil Engineers-Ground Improvement, 161(2),
79-87.
https://doi.org/10.1680/grim.2008.161.2.79

El Sawwaf, M. A. (2007). Behavior of strip footing
on geogrid-reinforced sand over a soft clay slope.
Geotextiles and Geomembranes, 25(1), 50-60.
https://doi.org/10.1016/j.geotexmem.2006.06.00
1

Fahliani, H. K., Arvin, M. R., Hataf, N, &
Khademhosseini, A. (2021). Experimental Model
Studies on Strip Footings Resting on Geocell-
Reinforced Sand Slopes. International Journal of

in

Geosynthetics and Ground Engineering, 7(2), 1-
15. https://doi.org/10.1007/s40891-021-00270-1
Halder, K., & Chakraborty, D. (2018). Bearing



https://doi.org/10.1016/j.geotexmem.2008.11.011
https://doi.org/10.12989/gae.2021.24.6.589
https://doi.org/10.1139/t03-052
https://doi.org/10.1007/s10706-009-9277-9
https://doi.org/10.1080/17486025.2013.770172
https://doi.org/10.1016/j.geotexmem.2007.03.001
https://doi.org/10.1016/j.geotexmem.2007.03.001
https://doi.org/10.1016/j.geotexmem.2013.07.003
https://doi.org/10.1016/j.geotexmem.2013.07.003
http://dx.doi.org/10.6310/jog.202303_18(1).4
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000040
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000040
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000162
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000162
https://doi.org/10.1016/S0266-1144(01)00006-1
https://doi.org/10.1680/gein.2004.11.1.35
https://doi.org/10.1139/t07-035
https://doi.org/10.1680/grim.2008.161.2.79
https://doi.org/10.1016/j.geotexmem.2006.06.001
https://doi.org/10.1016/j.geotexmem.2006.06.001
https://doi.org/10.1007/s40891-021-00270-1

Journal of Engineering Geology, VVolume 18, Issue 5, 2024

677

Capacity of Strip Footing Placed on the
Reinforced Soil Slope. International Journal of
Geomechanics, 18(11), 06018025.
https://doi.org/10.1061/(ASCE)GM.1943-
5622.0001278

Halder, K., & Chakraborty, D. (2020). Probabilistic
bearing capacity of strip footing on reinforced
anisotropic  soil  slope. Geomechanics and
Engineering, 23(1), 15-30.
https://doi.org/10.12989/gae.2020.23.1.015

Isik, A., & Gurbuz, A. (2020). Pullout behavior of
geocell reinforcement in cohesionless
soils. Geotextiles and Geomembranes, 48(1), 71-
81.
https://doi.org/10.1016/j.geotexmem.2019.10350
6

Javankhoshdel, S., & Bathurst, R. J. (2015). Influence
of cross correlation between soil parameters on
probability of failure of simple cohesive and c-¢

slopes. Canadian Geotechnical Journal, 53(5),
839-853.
https://doi.org/10.1080/17486025.2013.770172
Kakrasul, J. 1., Han, J., & Rahmaninezhad, S. M.
(2020).
Geosynthetic-Reinforced Retaining Walls with
Limited Fill Space Under Static Footing
Loading. Transportation Infrastructure
Geotechnology, 7(3), 309-331.
https://doi.org/10.1007/s40515-020-00132-9
Keskin, M. S., & Laman, M. (2014). Experimental
study of bearing capacity of strip footing on sand

Load-Deformation Behavior of

slope reinforced with tire chips. Geomechanics &
engineering, 6(3), 249-262.
https://doi.org/10.12989/gae.2014.6.3.249
Khorsandiardebili, N., & Ghazavi, M. (2021). Static
stability ~ analysis  of  geocell-reinforced
slopes. Geotextiles and Geomembranes, 49(3),
852-863.
https://doi.org/10.1016/j.geotexmem.2020.12.01
2
Langhaar, J.L., (1951). Dimensional Analysis And
Theory of Models. Wiley, New York, NY, USA.
Liu CN, Lin BH, Huang WW, & Ho YH. (2021).
Finite element analyses of geosynthetic-
reinforced soil ground under surcharge and
probabilistic estimation of the bearing capacity.
Journal of GeoEngineering, 16(3), 099-109.
http://dx.doi.org/10.6310/jog.202109 16(3).3
Madhavi Latha, G., & Rajagopal, K. (2007).
Parametric finite element analyses of geocell-
supported embankments. Canadian Geotechnical
Journal, 44(8), 917-927.

https://doi.org/10.1139/T07-039

Madhavi Latha, G., Dash, S. K., & Rajagopal, K.
(2008). Equivalent continuum simulations of
geocell reinforced sand beds supporting strip
footings.  Geotechnical and  Geological
Engineering, 26(4), 387-398.
https://doi.org/10.1007/s10706-008-9176-5

Manju, G.S., & Madhavi Latha, G. (2013). Interfacial
friction properties of Geocell reinforced sand.
International Journal of Innovative Research in
Science, Engineering and Technology 2 (1), 25—
31

Mehdipour, 1., Ghazavi, M., & Ziaie Moayed, R.
(2017). Stability analysis of geocell-reinforced
slopes using the limit equilibrium horizontal slice
method. International Journal of Geomechanics,
17(9), 06017007.
https://doi.org/10.1061/(ASCE)GM.1943-
5622.0000935

Moghaddas Tafreshi, S.N., & Dawson, A. R. (2010a).
Behaviour of footings on reinforced sand
subjected to repeated loading—Comparing use of
3D and planar geotextile. Geotextiles and
Geomembranes, 28(5), 434-447.
https://doi.org/10.1016/j.geotexmem.2009.12.00
7

Moghaddas Tafreshi, S.N., & Dawson, A. R. (2010b).
Comparison of bearing capacity of a strip footing
on a sand with geocell and with planar forms of
geotextile reinforcement.  Geotextiles and
Geomembranes, 28(1), 72-84.
https://doi.org/10.1016/j.geotexmem.2009.09.00
3

Moghaddas Tafreshi, S.N., Khalaj, O., & Dawson, A.
(2013). Pilot-scale load tests of a combined
multilayered geocell and rubber-reinforced
foundation. Geosynthetics International, 20(3),
143-161. https://doi.org/10.1680/gein.13.00008

Moradi, G., Abdolmaleki, A., & Soltani, P. (2019).
Small-and large-scale analysis of bearing capacity
and load-settlement behavior of rock-soil slopes
reinforced with geogrid-box
method. Geomechanics and Engineering, 18(3),
315-328.
https://doi.org/10.12989/gae.2019.18.3.315

Nazari, R.A., Ghanbari, A. & Sharafi, H. (2025). An
Earthquake-Induced Reinforced Slope Sliding
Displacement Estimation Model Using a
Probabilistic =~ Procedure. Transp.  Infrastruct.
Geotech. 12, 72. https://doi.org/10.1007/s40515-
024-00490-8

Neto, J. A. (2019). Application of the two-layer



https://doi.org/10.1061/(ASCE)GM.1943-5622.0001278
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001278
https://doi.org/10.12989/gae.2020.23.1.015
https://doi.org/10.1016/j.geotexmem.2019.103506
https://doi.org/10.1016/j.geotexmem.2019.103506
https://doi.org/10.1080/17486025.2013.770172
https://doi.org/10.1007/s40515-020-00132-9
https://doi.org/10.12989/gae.2014.6.3.249
https://doi.org/10.1016/j.geotexmem.2020.12.012
https://doi.org/10.1016/j.geotexmem.2020.12.012
https://doi.org/10.1139/T07-039
https://doi.org/10.1007/s10706-008-9176-5
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000935
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000935
https://doi.org/10.1016/j.geotexmem.2009.12.007
https://doi.org/10.1016/j.geotexmem.2009.12.007
https://doi.org/10.1016/j.geotexmem.2009.09.003
https://doi.org/10.1016/j.geotexmem.2009.09.003
https://doi.org/10.1680/gein.13.00008
https://doi.org/10.12989/gae.2019.18.3.315

Experimental study on the performance of strip footings on

| Harirsaz et al 678

system theory to calculate the settlements and
vertical stress propagation in soil reinforcement
with geocell. Geotextiles and Geomembranes,
47(1), 32-41.
https://doi.org/10.1016/j.geotexmem.2018.09.00
3

Neto, J.A., Bueno, B., & Futai, M. (2013). A bearing
capacity calculation method for soil reinforced
with a geocell. Geosynthetics International, 20(3),
129-142. https://doi.org/10.1680/gein.13.00007

Sireesh, S., Sitharam, T.G., & Dash, S.K., (2009).
Bearing capacity of circular footing on geocell—
sand mattress overlying clay bed with void.
Geotextiles and Geomembranes. 27 (2), 89-98.
https://doi.org/10.1016/j.geotexmem.2008.09.00
5

Song, F., Liu, H., Ma, L., & Hu, H. (2018). Numerical
analysis of geocell-reinforced retaining wall
failure modes. Geotextiles and Geomembranes,
46(3), 284-296.
https://doi.org/10.1016/j.geotexmem.2018.01.00
4

Tabatabai Aghda, S. T., Ghanbari, A., & Tavakoli
Mehrjardi, Gh. (2019). Evaluating the
Applicability of Geocell-Reinforced Dredged
Sand Using Plate and Wheel Load Testing.
Transportation Infrastructure Geotechnology,

6(1), 21-38. https://doi.org/10.1007/s40515-018-
00067-2

Tavakoli Mehrjardi, G. T., & Motarjemi, F. (2018).
Interfacial properties of geocell- reinforced
granular soils. Geotextiles and Geomembranes,
46(4), 384-395.
https://doi.org/10.1016/j.geotexmem.2018.03.00
2

Tavakoli Mehrjardi, Gh., Behrad, R., & Tafreshi, S.
M. (2019). Scale effect on the behavior of geocell-
reinforced soil. Geotextiles and Geomembranes,
47(2), 154-163.
https://doi.org/10.1016/j.geotexmem.2018.12.00
3

Tavakoli Mehrjardi, Gh., Ghanbari, A., &
Mehdizadeh, H. (2016). Experimental study on
the behaviour of geogrid-reinforced slopes with
respect to aggregate size. Geotextiles and
Geomembranes, 44(6), 862-871.
https://doi.org/10.1016/j.geotexmem.2016.06.00
6

Yoon, Y. W., Heo, S. B., & Kim, K. S. (2008).
Geotechnical performance of waste tires for soil
reinforcement from chamber tests. Geotextiles
and Geomembranes, 26(1), 100-107.
https://doi.org/10.1016/j.geotexmem.2006.10.00
4



https://doi.org/10.1016/j.geotexmem.2018.09.003
https://doi.org/10.1016/j.geotexmem.2018.09.003
https://doi.org/10.1680/gein.13.00007
https://doi.org/10.1016/j.geotexmem.2008.09.005
https://doi.org/10.1016/j.geotexmem.2008.09.005
https://doi.org/10.1016/j.geotexmem.2018.01.004
https://doi.org/10.1016/j.geotexmem.2018.01.004
https://doi.org/10.1007/s40515-018-00067-2
https://doi.org/10.1007/s40515-018-00067-2
https://doi.org/10.1016/j.geotexmem.2018.03.002
https://doi.org/10.1016/j.geotexmem.2018.03.002
https://doi.org/10.1016/j.geotexmem.2018.12.003
https://doi.org/10.1016/j.geotexmem.2018.12.003
https://doi.org/10.1016/j.geotexmem.2016.06.006
https://doi.org/10.1016/j.geotexmem.2016.06.006
https://doi.org/10.1016/j.geotexmem.2006.10.004
https://doi.org/10.1016/j.geotexmem.2006.10.004

(S“‘""";'Q'o ‘S‘HL;-VJ M} “)‘Mﬁ; oi_‘,T e

Journal home page https://jeg.khu.ac.ir S S L

s sLES YAAYNF o

Jug b ouds hao S s 3 )19 2 B ARk T Al
"5340 S5 Copmmona¥le T 518 e ¢ Vsl o o LS heme
std_harirsaz@Khu.ac.ir :asblly ¢yl (lpes « ool ol ¢ wtie g (b 0aSutly ( Gies )

Ghanbari@KNUu.acC.ir :asbbl, ¢l nl ool os o sojlo olKuisly  gwdizen 5 (538 oSl eoliasl .Y
ghtavakoli@KhNu.ac.ir :asbbl, <ol pl «ol g (ojlos slKily awdins 5 (38 080l ¢ylucils ¥

e PUFREPSSIN
I3 alajl (o3l (a5 b 0 grlune (slacand (59 2 (63l s 53k ud o 251 bt R R

Cmbge (rioped 9 3 (Jugiy @Y Job wile Slaseie Jl Ll pen ) sl oud plg] axio
A3l 4B 55 s Sgloa > o8 (sl gl By )5 g5 syl b g ol pS S VFYIVINY 3 g
3¢ o3zl puds glp Jwgy AY G 5l a5 Al umd e ol adllas pl ot sl old oy VYA 16,5050 &b
6 0225 e gk G5 rmen ool (5l 0395 e oI bl Y ol (S e e TN A b e,
A e ) ) Gl 008 s g (1331 g 283 (I3l 1) (60 b o Ml o 12y ¥ liee
93 5 o3kl ;K05 (gm l d9uls b o) LRI el Canl Smo 5 3)5 ()b bl 53 gyt Cute
550 1Y 305 o o b b2 W i 5 85 Il ol Ml Jug's &Y

: o o il s
sl addlae ool )3 o8 Casl Jol Y & Consd Ganlio dlold )3 Jogiy (651,58 9090 (nl by o5 ol ghee b sleb
LY slass s

:LM)!Q.\.,IS

cJwgsy e (s )b cud b

o b s g o)l5 48 4 o i gl «olps 53 L Cawl o dlpiiiiy (s)lg 0350l (o, /Y
el 5V gl S 0 dliSi gy ole oAb jgeaies 5 s (1l o lus]

Gl Zadsb ol (68,8 Candge rizmen g Sl doudo
o Djglme jd a5 glails wlas  @dly 6)ls eoglll Gl Cadyl W86 slaire; (53, p 00glll (5,50,
ool 00 gy g AL 438513 S5 95 s 45 Cal 0093 SMSin 31 (S5 0 lgan

S Sl eyata gedge (nl Wledy axlse ol L
SgeeS diile cilisee JYo 4 a5 0.5 o )8 axgis )90
Slidog asb ol &ly ol (Soop 0 eaglll Las

L w9, g lge
mlos ¥ Jsb aiile o el ol is 3l asllas ol 4

laas $0,8 des yu Lo,y T olows sassS )
ghoe slod 552 Goe Lizman 5 Ll sl wile Ity eelcadbps  ooliil  arsif

pY el e r*-’l* o Gl 00,5 o gy 00S . . - .. s
S oo Gl alyl iz 015 05,595 9 bS5

@b 8l g o509 3 Shae s a4y Jugsy o3 ol 5
48,5 )18 azgin g0 0)l0 S ()b b b il o a8
Jeosis Y Jsb aiile Slasis il aslls oyl 5o col

Slypess B wigd ailoas ol b palylh ple b ool
ol Gz Al yelly SG oy bgyye e cadioln]

53,5 sl 55 00 hae S (55, 0 3 Lialejl (golows

emdigee (owlid oy alome . Jawgd b oo a5l s 1 (5 )le5 o 58, ‘SmLi‘...:La)'l adlas (VF2Y) 2 .8 c68,2 00 IS95 08 e5 8 oy o Slao s > sl
https://doi.org/10.22034/JEG.2024.18.5.10394 £#£f-£A- (D) VA

@ O a5 © o3l oSl 8L

BY NC




0 b)l.o.:.» AA 0,99 ‘Lf“w Lf“wa O

S«

inlos] Sl els amio g A5l olfiws calise

| uli‘o)...uus)l.u LS)";")‘J"WM‘)L‘JL";‘PW

Ol oudplal Slaslin o lajilel mbi loe
Tebs Slp Jogsy Y S 5l a8 (Al o a5 285 axs
P IV Ll Y (65 )8 e Bos 99 ool
b 0uisS ghos Jsb (il pizman ol (s,lgi 05l
o Gl 6k byl Wl oo 2se 2l Tl
0diS grhus Jobo ljBl oS Cnl (5y50,0 5050
Sk Sed b )5 st Sute U e cul 5l i
00 Aol gy jui o] GielS el wilg o s> g 0l
50 4 Y S 5l sy sloay slaws il a5 cool o
S3apY 0085 o sl cud il il el Clel Y
rolin dlold )3 Juogss (6 25 )18 £pd90 (nl L pd oS ol
25 IV L plp adllas cnl po a5 ol Jol @Y @ Cons
g3 4252 Gal g ogdle el o sloidn (6)lg5 029l
" Of & Syt s Bk anils L8 VL Glesl o
WS oo Jood )k ) e e 4 50 9 S
B 5ol Gl gt 655,15 Goe 47,0 eiren

14 S e 25 0 sl aLlS ]
cel o, pdlas i eoleiwl Syge 2 0 o o0
ot b g 08,5 oo oS e 5 S i LSl
5 &Y o sl oolaiul ams co ial3dl 1) Lwgss 5l eolatul
Ol B 1y oyl byl i b 4 il oo Juogd Y g0
Cand Al ol o rizmen a2 o8l ds 0 VYE 5 A0
Sl VWA lads ) SeseenS alasd o (S/B) et
5 Y S mdad b Gl WIFY @ ms e c>

ey oo Y90 mds > (6l VAIFA

00l phue S g e e S 8, aslie 4 olgn b
ooliiwl o (6,138,L oKiws 3l o jialesl el (gl
g disu, s e de> g,0 YAV |, S ol 0ed oo
Ot w2 00 s (6525158 515 a0 B 09l g0 o5
090° 9 950 S S Ul ol 5 euisS mle
5 Ssdes Sy g 03,5 S L, o] sleacis
)"m.u\.gl.isn aslol @LQJGEM@G.\M)U‘) SrySk
Dgl g0 ol s g0 aygly b o Blo mhaw S ol
S35 Wb e cpl 58 9 s o0 65105, L 4y Cugi T 51
S g G dlozl S0 sadoln] Ol g
S o KBS £585 5 S 0 0l 9929 4 sl St
alol> mls Gl » Coles)e . 098 i g gy p S04

ol ool (5,058 S s L8 Sladlas b aglie g

AR
&Lﬂ)’] Y Jelss uihil,aﬂ VA 0dipnS 00 adllas oyl
L&lﬁﬂ VY iz 5 (S50 g jloced Clb) o 8
0aiS e 0¥ 95 b iulosl Hlaz g 0aisS s Y S
Shoslatal 3 sy biolesT sl 51 Lol Goa .l
25 e S RS g )b bl il )
o yioles] cpl 5o ol o & jglome ;o ai8 518 sogllis
Oezed g gy Y Gdsl 6518 Ges 5 Job S
w..b w‘ AW R Jﬁ‘ d.iy l) J.ng) 4.:&! u.».as\) alols
)‘ oolaw! L: Gl.uuo).& 9 GLqu LJ’“"LA}T Sy &J )5.14..2.0
Sl gyl yo a8 col suis plosl amio (5,135 ,L olKiws
Sroske PO+ Jsbo g e e VO o0 b (s0Ys8 359

‘_gl)}‘ Cawloads solazwl u.».w K9y » ‘_g)‘.\f)l.v L_‘;‘f



