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ABSTRACT: This study investigates the influence of geocells and geogrids on the bearing capacity of ~ Review History:

soil subjected to plate anchor uplift loads using three-dimensional modeling in ABAQUS. A series of  Received: Sep. 24, 2025
scenarios were analyzed, including variations in the number and spacing of geocell layers, the placement  Revised: Dec. 07, 2025

of the geogrid, the cell height of the geocell, the number of loading zones, and the eccentricity of the  Accepted: Jan. 17, 2026
geocell. For this purpose, first, two numerical models built in the unreinforced and geocell-armored ~ Available Online: Jan. 30, 2026
states, which were built in ABAQUS software, were compared and validated with the results obtained
from physical modeling, and then a parametric study was conducted on important design parameters.
The findings reveal that the inclusion of two geocell layers can enhance the bearing capacity by up to
30%, whereas wider spacing between the layers reduces this improvement. Incorporating a geogrid at its
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optimal position beneath the geocell increased the capacity by as much as 39%. Adjusting the cell height eoce.
of the geocell led to a capacity variation of approximately £13%. Moreover, doubling the number of Geogrid
loading zones from one to two resulted in a remarkable improvement of nearly 200%, while increasing ~ Uplift Force

the geocell eccentricity further enhanced the capacity by about 28%. Overall, the results highlight that
the strategic selection of geocell-geogrid configurations and dimensions can markedly improve plate
anchor performance, offering an effective technique for advanced geotechnical design. The results of

Bearing Capacity

this study can shed light on hidden aspects in the design of reinforced soil systems.

1- Introduction

Oneofthemostkey findingsand discoveriesin geotechnical
engineering science is the manufacture and use of various
types of geosynthetics to improve the strength parameters and
relative coverage of soil weakness in tension, in the last few
decades. Anchors are structures used to resist upward tensile
forces in footings and foundations. Horizontal plate anchors
are very common in geotechnical engineering, including
at the base of transmission towers, high-rise structures,
retaining bridge tension cables, and marine structures that are
subject to uplift forces. The bearing capacity of a plate anchor
depends on several factors, including the density of the soil
around the anchor, the depth of burial, and the dimensions
and shape of the anchor [1]. The aim of the current study
is to investigate the effect of the presence of geocell and
geogrid on increasing the bearing capacity of a plate anchor
buried in sand, the role of the height of the geocell layer in
improving the bearing capacity ratio, and the consequences
of the eccentricity of this layer on the system efficiency
and the concentration of deformations using a numerical
method [2]. The distinguishing feature of this research is the
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simultaneous use of geocell and geogrid reinforcement in a
horizontal plate anchor system under uplift force, along with
accurate 3D modeling and systematic analysis of variables
affecting the ultimate bearing capacity. Thus, the composite
behavior of reinforced soil with a combination of geocell and
geogrid and their synergy have been evaluated. Also, instead
of focusing only on the geocell dimensions or height, a set
of less studied parameters, including the distance between
geocell layers, the relative position of the geogrid (above or
below the geocell), loading in two separate areas, and the
effect of eccentricity of the reinforcement placement, were
analyzed in a multivariate parametric study. Additionally,
using 3D results including stress and displacement
contours, the failure mechanism, active stress zones, and
the propagation of the failure surface in the presence of
the geocell-geogrid composite were identified and based
on these, relationships have been presented to suggest the
optimal layer spacing, appropriate geogrid depth, and the
effect of eccentricity on the reaction capacity, which can be
considered as a primary basis for the design of reinforced
plate anchors in granular soils.
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Fig. 1. Soil mass geometry.

2- Methodology

In this study, ABAQUS 6.14 was used for 3D numerical
modeling, which included a horizontal plate anchor buried
in the center of a sandy soil mass, along with two types of
geosynthetics (geocell and geogrid) in different configurations.
According to the reference study [3], the dimensions of the
soil mass were 2200%2200x1000 mm, a plate anchor with
dimensions of 150x150 and a thickness of 4.25 mm at a depth
of 900 mm from the soil surface (Figure 1), and a geocell
layer with pocket dimensions of 110x110x100 mm (Figure
2).

In the reference study [3], the dimensions of the plate
anchor B, the width of the geocell layer b, and the distance
of the geocell from the soil surface were considered equal
to D, and laboratory tests were conducted for different
D/B ratios. In the current study, the model was simulated
in ABAQUS with ratios of D/B=2 and b/B=3. In other
words, the distance of the geocell from the soil surface was
considered as D=300 and the total width of the geocell layer
was considered as b=450 mm. In this study, only soil and
geocell were simulated, and the anchor was removed, and
instead, the effect of a plate anchor and its location on the
soil were created, and the resulting displacement was applied
to the model. The modeled soil was uniform sand with an
elastoplastic behavior model with the Mohr-Coulomb failure
criterion. Based on the reference study [3], the soil internal
friction angle (@) was selected as 40.5 degrees, the dilatancy
angle (‘¥) was 10 degrees, the modulus of elasticity € was 70
MPa, and the unit weight of sand (y) was 19.72 kN/m?. The
engineering properties of the geocell are also given in Table
1. The geocell used in the reference research was made of a
nonwoven polymeric geotextile [4].

The plate anchor was modeled as a square rigid plate with
width B. The thickness of the restraint was assumed to be
negligible compared to its dimensions, so that the restraint
effectively acts as a 2D rigid element. The dimensions of the
numerical model were considered large enough to minimize
the boundary effect. Specifically, the soil was defined as a
cube with lateral dimensions greater than 5 times the width
of the anchor (5B) on each side, and boundary conditions
including clamping the model bottom (no movement in all
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Fig. 2. Geocell layer geometry.

Table 1. The engineering properties of the geotextile.

Description Value
Type of geotextile Non-woven
Material Polypropylene
Area weight (g/cm?) 190
Thickness under 2 kPa load (mm) 0.57
Thickness under 200 kPa load (mm) 0.47
Tensile strength (kN/m) 13.1
Strength at 5% (kN/m) 5.7
Effective opening size (mm) 0.08

directions) and lateral restraint around the model (in the x
and y directions) were applied. These boundary conditions
prevented soil from escaping or moving around the model
environment, creating conditions similar to a semi-infinite
soil environment. Also, a 20 mm displacement resulting
from the displacement of the anchor plate in the z direction,
which was transferred to the plate anchor by the jack in the
laboratory model, was applied to its location. The mesh type
used for the geocell was S4R and the mesh used for the soil
was C3D8P. Following the modeling and after ensuring the
accuracy of the 3D numerical model, an extensive numerical
parametric study was conducted. The numerical models
include 22 models that are divided into five main groups. The
five main groups are as follows:

Group 1: Investigating the effect of the distance between
two geocells relative to each other;

Group 2: Investigating the effect of the distance between
the geogrids placed above and below the geocell;

Group 3: Investigating the effect of changing the height of
the geocell pockets;

Group 4: Investigating the change in the loading location
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from one area to two areas;

Group 5: Investigating the effect of the geocell’s
eccentricity relative to the area of application of the reaction
load.

3- Result and Discussion

In the first group, another layer of geocell was placed at
intervals of 5, 10, 15, 20, and 25 cm below the geocell of the
base model. By adding a layer of geocell at specific distances
from each other, the bearing capacity increases compared
to the base model, which has a bearing capacity of 2300 N.
Placing two geocell layers close together is most effective. As
the distance increases, the effectiveness decreases uniformly,
and as the distance between the geocell layers increases, the
advantage of having two geocells is minimized.

In the second group, a geogrid layer was added to the
basic model, which was placed above and below the geocell
at different distances, respectively. Despite the fact that the
geogrid is placed at a lower depth than the geocell, the trend
of changes in its bearing capacity increases and reaches from
19.5% to 39.1%. As the distance of the geogrid from the
geocell increases upwards, the trend of changes in bearing
capacity decreases; so that at a distance of 15 cm from the top
of the geogrid to the top of the geocell, only a 2.2% increase
in bearing capacity is observed.

In the third group, in the basic model, the height of the
geocell pocket is 10 cm. In the third group, pocket heights
of 5 and 15 cm were investigated. The results showed that
increasing the pocket height leads to an increase in the
bearing capacity of the plate reinforcement.

In the fourth group, the loading area was changed from
one 150x150 mm plate to two 150x150 mm plates with a
distance of 150 mm. Numerical analysis of this case showed
that the bearing capacity of the plate anchor increased from
2300 N in the base model to 7000 N, which represents an
increase of more than 204% in bearing capacity.

In the fifth group, the eccentricity of the geocell layer at
distances of 5, 10, 15, 20, and 25 c¢cm from the center of the
soil mass, where the uplift force is applied, was analyzed and
investigated. The eccentricity of the geocell relative to the
loading location has a positive effect on the bearing capacity
of the plate restraint. As the geocell’s eccentricity increases
relative to the point of application of the uplift force, the
efficiency also increases; so that the bearing capacity at an
eccentricity of 25 cm has increased by about 30% compared
to the basic model.

In Figure 3, the results obtained from numerical analyses
in terms of the bearing capacity improvement ratio of the
loading plate against the normalized and dimensionless
parameters relative to the width of the anchor in the current
study are presented, and as can be seen, in most cases the
parameters studied have increased the bearing capacity of the
plate. In Figure 3, s/B is the ratio of the distance between two
geocells to the width of the reinforcement, h/B is the ratio of
the pocket height to the width of the anchor, /B is the ratio
of the eccentricity distance to the width of the anchor, z1/B is
the ratio of the vertical distance of the geogrid position at the
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Fig. 3. Diagram of bearing capacity improvement ratio
against normalized parameters.

bottom of the geocell to the width of the anchor, and z2/B is
the ratio of the vertical distance of the geogrid position at the
top of the geocell to the width of the anchor.

4- Conclusion
The main findings show an increase in bearing capacity

of up to 30% with two geocell layers close together, up to

39% with the incorporation of a geogrid in the lower geocell

position, 13% with increasing the pocket height, 204% with

two-zone loading, and up to 28% with geocell eccentricity.

These improvements are mainly due to 3D confinement,

stress distribution, and expansion of the failure surface, which

confirms the effectiveness of geosynthetics as an economical
solution in geotechnical projects.

1- The role of various geosynthetics: Not only does
reinforcing the soil with a geocell layer significantly
increase the tensile capacity of the plate reinforcement;
but adding an additional geocell layer also causes a
very significant increase in the bearing capacity of the
reinforcement. The combined use of geocell and geogrid
is also better than using either type of geosynthetic alone;
so that if the geogrid is placed under the geocell, it will
have the greatest effect in limiting lateral deformations
and increasing bearing capacity;

2- Effect of the placement of the reinforcing layer: The
location of the geogrid in the soil-anchor-geosynthetic
system is important. The results showed that geogrids
in contact with the geocell layer or closer to it, if placed
below the geocell layer, are much more effective than
when placed above the geocell layer;

3- Dimensions and eccentricity: Geocells with higher pocket
heights increase the bearing capacity due to the increased
volume of the soil mass involved in yielding and greater
interaction between the soil and the geocell. Also, the
eccentricity of the geocell relative to the uplift force
application area and the use of two load application areas
increases the bearing capacity.

1699


https://dx.doi.org/10.22060/ceej.2026.24800.8350

S. Sh. Shariati et al., Amirkabir J. Civil. Eng., 57(9) (2025) 1697-1722, DOI: 10.22060/ceej.2026.24800.8350

References [3] M. Rahimi, S.N. Moghaddas Tafreshi, B. Leshchinsky,

[11AK. Choudhary, S.K. Dash, Uplift behaviour of A.R. Dawson, Experimental and numerical investigation
horizontal plate anchors embedded in geocell-reinforced of the uplift capacity of plate anchors in geocell-
sand, in: Proceedings of Indian Geotechnical Conference, reinforced sand, Geotextiles and Geomembranes, 46(6)
Roorke, India, 2013. (2018) 801-816.

[2]S.S. Shariati, Numerical study of the uplift behaviour [4] S.N. Moghaddas Tafreshi, A.R. Dawson, A comparison
of plate anchor in reinforced soil, Master of science of static and cyclic loading responses of foundations on
thesis, Islamic Azad University, Mashhad, Iran, 2022. (In geocell-reinforced sand, Geotextiles and Geomembranes,
Persian) 32 (2012) 55-68

1700


https://dx.doi.org/10.22060/ceej.2026.24800.8350

785 500 ()] yo (o kien & i

WYY BASRY Slomio VF-F Lo & 0)lad B )53 S peal (e svio &3
DOI: 10.22060/ceej.2026.24800.8350

S0k Cudyb (gilwais i SB > laiuo jlen (IS 1 )18, (63,2,5 9 (§348 Julod

Y PC IR N W I KVPSIADON EVOSY ] R N SV | A P X W

U‘)"I 5.)..@(».9 aunM.wI .)I)T oKl 4..\.@(.“4: ..\>I$ (WA g @.‘3 0aSisly &ul).o._c (ewAe oa)f =)
lrl gz (Gl Jle (Bigel dusge clres (cwdine 09,5 =¥
Ol olied dws (e g olSiily o wiine 008Ul ¢l yos wligo 09,5 =Y

18,913 4 ,U
VEoF/-VY bl

VE ¥/ AN 10,555
VEFINIYY il
AR ZARVARIERH PV

1S Clols
e S

Sl o b gliomiio oo (1S 2 (598 o8 SB gk byl 100,565 9 o] (65 4 3l gy nl 3 1o
o5 S ) 1 555 Camgn s sty alold 3l Joki Gilisko (glage i 5 0y ABAQUS 53 sims
9 ot Slaclls 3 oad aidlo (g33e Jao 9 bl jglate (s 8 (bl Jwgis 350 Jl 293 5 )L (Al ol
L o g dunlie (S b (gjladde ) ol Candd ol b w39 o a3l ABAQUS )53l o5 15 4" Jursss 4 grdase
s oty &Y 99 35580 05 S ol 2,5 g b e st 535 (Sosial sl bl o 5 505

gy o5 G e s AT s 5 a5 5L )] 1 29 TTAB S8 '

Egomo 28 yidiy IVA 3910 U1y byl gy 350 5l s Glliél g ol 21X+ g0 1ot 2500 99 42 S 5L

L) )
S s oy SS9y Oy 9 3 ) (2 LB jsba |y (slamio Jlae 3 Slos Wlgi g0 2,555 9 Joghs Sl 9 )] sl Sl
sk sl ) e S slagis (b )3 39250 lody sblg) Ll o pol> sy mls gy 54 (SiSS55 sl b 5 J5e
led )
ol L{bd d)f)l-f u.»s)b uwl)ﬁlu.e?ow@mp uly&tb odlawl 40-\5.0—‘

€9 32 ply ) Cuglin jolated o8 ol ()b (o e g

b sl 48,5 )15 ojlu )3 & (S65ly )sliiS b (oIS gy 5950
d9ib e 48,5 SaS o SIS 0l ) Ciliee slag s Jlil (sl
L;.u.kus L;Lm”..: ).31).3 5O LMBL(LO d]).s &S Ld L;:L’bb)L.» LQ)LQ(o [\]
oo ) Hgien S 8 bosmliish 5 g 5> VL @,
by des jlcwl mly Hlow SSSB; wiine jd 88l glaxin
5 by iS Glhl lee ol slaojls e Jil sla JS>
dlo?"j)’\Swlw\gdamu}alydqdlm@)v&dxfx

IS5 g olal (s edte Bes lae SLLI S aniish 4 g e

1. Anchor
2. Uplift Forces

3 8as wyp 0 SB g ond Jate e 4 Coles 0 bojle Hb il
Pl Gl Sl ausl i iz e balyd )y ol
o3l g Ci b « SSTPS awdige ple jd iy didlw lBlusT 5 laaisly
Chnd o iy g (Soglie (gl ol daups g WoniiS s glgil 5l
Bias 45 lncSattiogss 5l o5gpel Cunl pdl amd Lz 3 ¢S 5 S
l{ ..39;::64 ol 4)La.~° 3)1911 9 u.wS\h) sb]) d)Lva) ¢UL.é(i: dLhO)LM
g S Jug sl ord adye Jlil & OV gase g5 ol jl ilisee
pll Jb 3 ol 59y g Dlalllas o590l &5 sl o Sizin s ¢l
(Sl oigy 0 S wg) 5l edlitul pre 3)lse I (Sl

a.tabaroei@eshragh.ac.ir :olsle Jsosge odiwng ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )


https://dx.doi.org/10.22060/ceej.2026.24800.8350
https://orcid.org/0000-0001-9686-0870
https://orcid.org/0000-0002-1324-2397
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

WYY B ASAY doio VFF Jlo & oyl AV S yual lpos soigen 4 s

laged g )l (i8S cudbo Il Juwgsy il (0] ofySen
298> 3 (k5 R Sgute 08I 93y 8 Widged () Bl
hioxdio SIl 28y Cd)l Gicmen [F] 0dg) ImoriS e g5 (]
5 (L/D = VeveY 5 ¥) caliseo  Sasygdte os Comd Hlo b dwlo 5
2595 o 5l s glgsl 3)hos g 05 g dwlo glate (slaeSTy
A duglie aly 2 S5 L olper Jusg g Juwgi) Vgd b5 955 VST
S 0 byl dge oy oSS VL )3 0oy < Juwg] I oaliu
e b JSB g P (St 4l (S o 935 dbx]
oo €L olmla—)b b8, culys (5,5— (i Sy dlai
Soyles g5y 365 glailejl 3 [V] (o)ber 5 (55 [F] 8 i
e Glibl o Jwgss 4Y S 09580 a8 ol i (gdges (lazan
Joo 1) 253 gyl 2oy Ve B e ol (S sl olbnle Sl
Ao e ks Ggb o & s o] o)l bl & Jlo o S
oogl Canday Cap |y Jus aine bl izmen Shmgly ol g2 0
cph Jugl eyl g (o Jgb) 35 pasuie (ygepe i
wogllas 3 Slas (gl aS 2l L 5 (oo g5yl plp YA 5 ¥ @ 390>
2 2gd QB e dlal b eldees b Jug lraeis ojlul
o3l 48" A saalie (gdmdw (g3 Judod il ealatwl b (6,505 imeh
dolin olulp 1) (B8] glazio oo (255 Cad )b S5 oo Juogh) |l
e Ao ol Bl e e b gl (pain B (Sadghie 3ee
2 5 oot olee ) ol alols j2alS 5 g S i) )3
SR> UigR ) ilio jobdy [A] cudly SB- aglio IS g3l gl
35 B dgim0 plall Julos 5 JolS L5 ol 5 Linlejl oo 1
D9 e Sy Cuoglie Rl s o (VL )3 Sy (6518 &S
o ol (59 oten g5 Y 030 15 o A5 00l (L5 eizpon
3945 5o gkl (9 Sl &y S (S 3 (98 30> OO LY+ (o33
Se0 e (3o (333 Bos l38 b jlee Sl (a8 555 L oS diz 2
Hdy cgdde amdw dalllas > [¥] Wb o talS (g350 U s |
oS 1 et g aloo st b oddgedune duslo > 8] (glioio Jlgo
7 5] Gt ) G 5 b o Wl o Juugh iy i Ll o5
YU 53 B> ooy o 03 snlio loj IS o yites 103 il
Olee wose 2l YIVZ 51 i) Juogis ope ol 9 2565 518 Jlae
byl Sy £l5)) IRl iped Bl b by 25 B 5L

1. Belled Piles

g 3 2 5 gy Su Olgieds 0jg el 350 3 Sles g canlio 4y g
ORRgR I Bua Cunl 485 13 dagi 3)90 SB SGSe la Shy
oo 0k byl I3l 2 0555 g Jugss span b ) oSS
Cod b Cond 390 ) o] Y )] 18 g awsle )3 (b (Slaieo
9 i 2D 4 cpl CojSpe il zes 5l (8L sasely 5 il
V] sl 380 gy oSSy 55 yo3
Coglie (al8l slashg) bl amd s )3 (eaasie Slaingh
o ol ledls HIE sy 0y0 |y S j0 glazis slaylpe (1S p
355 o (Seittaoss] (elmoriiS pelua ] o3litsl 45 1m3 oo Ui o stmgls
> Gl (g pKeda jgba |y laxio e (RS p cud)b
Sl SeS 4 el S5 )l G QST 3500 0l
Ceaglio ialjal g (SBunS ghaw (b S 4 yoxie oS Cunl oS Cy o
aS e ol b 48> Ges il sboay Bly 10 &S 25 o Sl
SN L Gl s (See o)lgen 2l 2] 5 oladl

2595 9 Jwss s I Glojen edlitl )3 Gimgg nl pleS 424
Silbedse bolyon (S 59y cod (B (glaiio o alelo
DS 2 2l edsb o sl Wepllss LS g (3.5 (gamdw
5 g S 55 b ok S S po Yy 45 iy oyl ]
rian ol 48515 b5 3050 gl aliElen e g 5555
sloyiehly I lasgerme (Jugi eyl boslul  dgame 35505 sl
L5 P s Cupmge Jugss sy (e dlold Jols oad )y a8
s Ao e anb 90 0 )L (Jeogs b bog YU )
el o pitosiy S el adllas Sy B 5 oriS e laily 95
5 Uil laygils ol gamaw gl I (o pSosme b ogMeds (Lloss
Taw (S 05 g Y5 Jlb (2l SisenS piolle (obul>
ol ool 5 035 alolid 4595 Jogi) a5 ypi 1>
T Sl 05955 canlio Gos dayY iy alold sloidin sl iy,
Sl sldgl slive Slg5 0 a5 Canl 003 W)l (28 cd ) S e ]
395 oguime (Sl GBCSE 3 ohbgrhe (Shimios (slaylya b
ol 3l Gl 3 (Jug dhsgay S ganaw (gjlogdue
S plp > o (slalae 3,8Mas dgp S 28 (5K,
ogygpaliiod (sl )3 lojag 20)8 &5 Canl 485 )13 a2 g5 35

9 i eide g [Y] 55 g (6ylgn ) o)y culs g lajy S

ey



s 5 0S5 b SB s o5 sl LS s Genen

Onzed amd o Sl 1) glamio glajlee (iS5 cud )b (535
938 &5 2 G55 e (gilwand 5 (Sojd Jae slagilejl b
P Slodio oo (S b )b drgs B Gl cage S5 4
ddly SE b Al g )l (595 o 4 o] ke g 0550 aule
20555 Cadbsa g )b Jlosl gl loe wtin JSb 535 [10] Cand
—lBlejl pimes G 3 dwle 3 hlo (slimiio (sla)lpe 3Slos
YL 5 05,8855 51 eolatwl aS oy LS s .Cawl 0dd )y (g32e
Sl g o> Gl e g BB jgba 1) (S p cud)l (ble e
pasudie g oAb 3 Ses dguty rge (4250 Fr g YO 1) oo asls
2 1) 586 oy dole s Al 5 e (SAB0ige oo &S 45
S8y awolio g FLAC 3D Jl5dle 5 L (g3as Jolod i)y (S s bl
ol olis g8 JUml 5> o Gl el 5 )l sl pgrelish
wlie (63 )Shos 05 Fos ;> Wlgicco 2555 b odpduns blo slalae
V] Bl Sy clag s plp g Coglie )3 lagedd I yige (> b
e 0 blo LisS oK jl edlatul b alBiolejl Limgh K,
2585 9 (25955 sbjly Jl ol aisle) (slad)y Stiwsss 59y S
25 bl (JSe-Log JSa-T jeme jl )l sloylae 3 0dd dpss
O <ol SISl 5 (Sl )3 Glaomiio) osiS s g5 &S
w2 g W)l e (iiS Cd)bo g (KBS el )3 (oS e
S 5 700 Ly IS oo 5555 3 b 5 Sy Sttt 5o
297 3 S o & e (85 S 59y 74 Ly JSa-L

Slpde p ¥ &ds a0 5l S (g b L]l b .aiS o b

ua&u&asw)ﬁuﬂb'mdh&‘j).ﬁ A;)§9§)bo.\wal“n ‘wlo)s 6)193
3935 B )loe (sVh 13 420 ¥O aygli b 0y 555 Y S5 (65,08 5 0
Sh as dad o iol38l pine put sy o 1) 1S cud )b VAV
0550y ying 45 Lol Ll SaS sdte Bes Ll38l el o (g3laidl
gl b g e YU 50 lasditus ()] (655,08 w5655 (5,18 gl>
(oS p Cud )b a5 BB g Coge i &S 6ysbdy fCuul 4 FO
2l @ Cas olpl glanis Gl ) 655 (i aSh g e

Sogeil 3 xSope b simony > DA 3)b 35 s sl

Y-y

S g sy Joogy e o Jo 3 b il s &g
@ e sloyloe o5 laalllan ;3 3] ol Cueglio B 3gs ge (h5)S
Juogh} ypi o8 Ab oanlie WAd )y (Mo (HIS)L cod g
089yt (S £585 | e Sl (1S cad)l GiliSl negMle
F o sl sibul 5 35 (oo 55l gl slas ISk cod SLSU
lotlesl plos] b 3 [ ] amde LIl 30 1y (o )iS )l (slaas o
5 02 G oo xSl Cuns SIS L5l sl SasS el
Sloxio gyl (1S 5 518 5 bjlee oiin JS5 5 Jug) i)
5l oslawl a8 as ealy LS codipus e S sddpduns oS a8l
DNV ] oo S 3 bl Jal 38l s BoseS Jloe Sl > g
o Jua s b @8 SOl g o ol Lt (oae g 2L}l @l
| (KBS ghaw g 3980 (A )b )b a2 BB 13
O oo oS SE gl b (e Sppody Judf LS
Sk ojlul g (cawlio gyl g yoye (Jsb) Juwgsy dlul &8 Ad jaseie
b Gl g (NS maw 6pS US> GloaiS s (18
58 2l Gl cage S (39 S)n s il G g S b
Cumbye g ol L) Jwsiy 65,84 conlple D] 0980 (KSeus
Sl 3Skos dg0 Car Fhe )] plyisa Sy (ordaie
2y )8 edlatul 3)90 (SESSHS slaofgy 3 (slaie

2523 gyl g Juwsis 5 olelss odlial amd e oLt W iagl gl
Hgboo laxdo bl GRSy Cudib Sy o (Sl
Bl o SO, (k] Glagh o Jke Glgiee
oxio jlad o Subojgde Bes yuii Jold il Lulpd > GesnS
b Ui @l A5 ooy p bS] 5 Juwsy | edlitel 5 SK- g
ORIP (qwguie jobdy ) S Cd)b o jlad g Ges 38
e S8 LS i cage hlnSSg) g Jug) jpas g a3
S 5 (imen D9 g0 (S p Cuaglie a3 BB LRl 5 (bl )l
2 DS dbnl 1y 5 Slas dgue oty hlwsSg) 9 Jwss plojor
S5 g Jugs 3l oslitl g 1Sy S8 ol o 2Ble]] Limgh
hoglie Cudsls gy ol (lis ol S (o) hluSSSS b Jogi
Cod plp YU S)i abmle 33 9l VO I Gl Sy dad 31,
RSP 5 Juwgi oS 5 izmen w300 Il ano et b
i 5 Cagh Sl S @y GLbl s Y slis il
LVF] 5505 0bul |y iiS py Cenglin



WYY B ASAY doxio VF+F Jlo & oyl @Y e el lyas uoie 4y

2200mm

1000mm

o~
[ slee axio 555,158 Jous |

()

Jwsis al dwaid (@ (SE 03¢5 dwsiar (WIHABAQUS 38105 4 vmceno Cua ([F]) ao o pidgi w0 Gadrie Jubo dwaid ) JSUS

Fig. 1. Model geometry according to reference research ([4]) for validation in ABAQUS software: a) Soil mass geom-
etry; b) Geocell layer geometry
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(1) Test pit (9) Anchor Model (17) Wheel

(2) Reaction Beam (10) L.SPC (18) Leg

(3) Column (11) R.SPC (19) Hydraulic Pump
(4) LoadingRam  (12) Actuator (20) Oil Hose

(5) Load Cell (13) Strip Footing (21) Data Logger

(6) LVDT (14) Hinge (22) Monitoring System
(7) Anchor Rod (15) Bolt & Nut

(8) Geocell (16) Base Plate
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Fig. 3. Schematic of the reference research laboratory
model ([4]).
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Fig. 2. Using the Embedded Region constraint in the nu-
merical model to define the geocell within the soil mass
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Fig. 4. Model schematic for: a) unreinforced; b) reinforced with geocell.
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Table 1. Mechanical properties of soil mass used in

Table 2. Geotextile engineering properties ([4]). . >
numerical analysis ([4]).
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Fig. 5. Floor binding and lateral constraint around the
model.
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Fig. 6. Model meshing: a) Geocell layer meshing with S4R mesh type; b) Soil mass meshing with C3D8P
mesh type.
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Fig. 7. Load-displacement results diagram in the refer-
ence study for different D/B ([4]).
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Fig. 8. Comparison of load-displacement results for the unreinforced state at D/b=2 and b/B=3.
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Fig. 9. Comparison of load-displacement results for the reinforced state with geocells at ratios
D/b=2 and b/B=3
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Fig. 10. Vertical displacement contour obtained from ABAQUS software: a) Unreinforced state; b) Geocell
reinforced state.
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Table 3. Numerical modeling program performed in the current research.
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Fig. 12. Numerical model geometry with two geocell
layers S cm apart.
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Fig. 11. The position of two geocells relative to each
other.

Table 4. Results of the first group: Effect of the distance between two geocells relative to each other
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Fig. 13. Load-displacement diagram of the first group: Effect of the distance between two geocells
relative to each other.
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Fig. 14. Example of displacement distribution contours in the direction of load application (z) of the first
group: a) Two layers of geocell with a distance of 10 cm; b) Two layers of geocell with a distance of 25 cm
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Table 5. Geogrid material properties along the weak axis.
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Table 6. Results of the second group: Effect of the distance of the geogrid placed above and below the geocell.
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Fig. 16. Load-displacement diagram of the second group: Effect of the distance of the geogrid placed
above and below the geocell.
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Fig. 17. Sample displacement distribution contours in the direction of load application (z) of the second group: a)
geogrid below the geocell at a distance of 10 cm; b) geogrid below the geocell at a distance of 40 cm; c) geogrid at-
tached to the top of the geocell; d) geogrid above the geocell at a distance of 15 ¢cm
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Fig. 19. View of a 15 cm-high geocell Fig. 18. View of a 5 cm-high geocell.
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Table 7. Results of the third group: Effect of changing the height of geocell pockets.
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Fig. 20. Load-displacement diagram of the third group: Effect of changing the height of geocell pockets.
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Fig. 21. Displacement distribution contours in the direction of load application (z) of the third group: a) Geocell
pocket height 5 cm; b) Geocell pocket height 15 cm.
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Fig. 22. View of the model geocell with load applied to two anchors.
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Fig. 23. Load-displacement diagram of the fourth group: Effect of changing the loading location from one area to
two areas with a distance of 15 cm
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Fig. 24. Displacement distribution contour in the direction of load application (z) of the fourth group.
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Fig. 25. View of the model geometry with the geocell 10 cm eccentricity.
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Table 8. Results of the fifth group: Effect of geocell eccentricity relative to the area of application of uplift load.
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Fig. 26. Load-displacement diagram of the fifth group: Effect of geocell eccentricity relative to the area of applica-
tion of the uplift load.
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Fig. 27. Example of displacement distribution contours in the direction of load application (z) of the fifth group: a) 5 cm
eccentricity; b) 20 cm eccentricity
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Fig. 28. Diagram of bearing capacity improvement ratio against normalized parameters
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