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ABSTRACT: Soil is a material that exhibits good compressive strength but is weak under tension.
To overcome tensile weakness and enhance shear strength, various soil improvement techniques
are employed. Soil reinforcement is a common technique that uses natural or synthetic materials for
this purpose. In recent years, materials like geosynthetics have seen significant development in soil
reinforcement. Among the most common synthetic reinforcements are geogrids, which mobilize the

friction at the interface between soil and reinforcement materials, thereby increasing both the tensile and
shear strength of the soil. This study examines the effect of geogrid capsules on the bearing capacity of  Keywords:
strip foundations on sandy soils. The force-settlement variations were modeled and analyzed using the Geogrid
PLAXIS 2D finite element software to conduct sensitivity analysis for the research variables. In this

C . . . Settlement
study, after validating the numerical model, the impact of parameters such as capsule length, thickness,

number of layers, distance from the foundation, and spacing between capsules on the ultimate bearing Reinforced Soil

capacity of the strip foundation was investigated. The results of these analyses were presented in the ~Geogrid Capsules
form of dimensionless graphs, from which the optimal depth of placement, thickness, and number Bearing Capacity of Strip Founda-
of encapsulated reinforcement layers were determined. The analysis results indicate that the use of jon

geogrid capsules significantly improves the soil reinforcement outcomes compared to geogrid sheets.

Additionally, increasing the number of capsule layers considerably enhances the bearing capacity of the

strip foundation, with the highest bearing capacity observed at a depth ratio of 0.1. Ultimately, increasing

the length and number of capsule layers results in higher bearing capacity and reduced settlement, due

to the prevention of failure surface development beneath the capsule. Consequently, the optimal length

and thickness of the capsule were determined.

1- Introduction 2- Numerical modeling

In today’s diverse construction site conditions, the
method and performance of soil reinforcement are crucial.
Soil inherently has good compressive and shear strength
but is weak under tension. Various efforts have been
made to overcome this tensile weakness, notably using
geosynthetics in geotechnical engineering to improve soil-
bearing capacity. Researchers have conducted small- and
large-scale experiments and numerical studies to evaluate
the effectiveness of reinforced soil foundations and develop
rational design methods. Notably, studies have focused on
the impact of geogrid reinforcement on bearing capacity
and settlement behavior. This study explores the optimal
dimensions, layer count, and placement depth of geogrid
capsules, highlighting their economic advantages over other
geosynthetic reinforcements like geocells, while maintaining
similar applicability.

*Corresponding author’s email: Rostami@jiauh.ac.ir

The finite element software Plaxis 2D was used to
simulate the effect of the geogrid capsule on the ultimate
bearing capacity of the soil. For validation, the numerical
models were compared with the results obtained from an
innovative loading device in the Soil Mechanics Laboratory
of Islamic Azad University, Hamedan Branch. The geogrid
capsule was modeled by placing two layers of geogrid side
by side, filled with strong sand. The model dimensions were
determined to be 10 m high and 22 m wide, which included
loose and strong sandy soils. A 2 m wide strip foundation
was placed on the surface and centered on the loose sandy
soil. To investigate the factors affecting the bearing capacity
of strip foundations, 1 analysis in the unreinforced state and
30 analyses in the reinforced state were planned and carried
out. The number of layers and length of the reinforcements,
the distance of the reinforcements from each other and from
the bottom of the foundation, and the thickness of the capsule
were among the variables that were evaluated to investigate
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Fig. 1. The capsule used in the Experimental modeling

the effect on the bearing capacity of the strip foundation.

3- Experimental modeling

An innovative small-scale loading device was employed,
using silica sand and Rockshield geogrid. Tests were
conducted under dry conditions to analyze the effects of
parameters. The test tank was filled to a height of 30 cm
using the sand settling method to achieve the desired density.
A geogrid capsule, filled with strong sand, was placed and
buried. After testing, the soil for each test was drained and
refilled. A metal strip footing was then secured to the surface
without disturbing it. During load application, a hydraulic
jack applied a constant displacement with a constant soil-
specific gravity and a loading rate of 1 mm/min. Settlement
was the ultimate loading criterion, which continued up to 30%
of the foundation width (15 mm) and the bearing capacity
was considered at this final point.

4- Verification of results

The results of the numerical and experimental models
were verified and found to be similar, with only minor
differences, indicating that the results are correct.

5- Result and Discussion

The increase in bearing capacity due to soil reinforcement
is expressed as a dimensionless parameter BCR (bearing
capacity ratio) which is used to compare the bearing capacity
in reinforced and unreinforced conditions with each other.

BCR, =41 (1)
q
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Table 1. Sand and Gravel Characteristics

Soil type Parameter s;":l]):l Unit Value
Modulus of elasticity of soil Es KN/m? 15+103
Internal friction angle degrees (%) 34
Silica Sand
Choesion c KN/m? 1
(SP)
Poisson's ratio b} % 03
Soil specific gravity Y KN/m? 195
Modulus of elasticity of soil Es KN/m? 5*10*
Internal friction angle degrees (%) 38
Gravel N
Chession c KN/m* 1
(GP)
Poisson's ratio o e 0.35
Soil specific gravity Y KN/m? 20
1.28
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Fig. 2. Diagram of changes in BCR2 focusing on the ef-
fect of capsule height with h=0.05B, h=0.1B, h=0.2B,
h=0.3 B.

BCR, = ‘i’qi ()

In the following, in order to analyze the sensitivity of the
effect of parameters such as the distance of the reinforcement
from the level below the foundation floor, length, number
of layers of reinforcement, thickness of the capsule layer,
bearing capacity ratio (BCR) and bearing capacity in different
cases are plotted and compared. For this reason, the parameter
whose amount and manner of effect is to be determined in the
analyses is considered as a variable parameter and the other
parameters are considered fixed An evaluation of the effect
of reinforcement length on the bearing capacity of a strip
foundation, where both length and height were varied at a
constant distance from the footing, showed a 26% increase
compared to the unreinforced condition. Similarly, increasing
the capsule height to 0.3B resulted in a 26% improvement in
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bearing capacity. The optimal placement, with three capsule
layers near the footing, resulted in a 68% increase in bearing
capacity compared to the unreinforced condition.

6- Conclusions

Results from 2D PLAXIS finite element modeling of
a strip footing on sandy soil using geogrid encapsulation
indicate a significant improvement in bearing capacity due to
the structure of the capsules. Key findings include:

1. Optimal benefits are achieved when the top of the capsule
is 0.1B below the foundation. Greater depths can lead to
lateral spreading of the soil and reduced performance.

2. Increasing the capsule width to 4B effectively prevents
the development of the failure surface and increases load
distribution.

3.Capsule height increases stiffness, with optimal
performance at a height of 0.3B, preventing local buckling.

4. Adding more capsule layers improves performance by
preventing the development of the failure surface, with
best results at 1 to 3 layers at a distance of 0.1B and a
height of 0.3 B.

5. Bearing capacity increases continuously with geogrid
reinforcement, with the greatest improvement seen in
three-layer configurations.
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Fig. 1. Schematic image of single layer capsule modeling and related parameters
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Table 1. Properties of materials used in the numerical analyses
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Fig. 2. General layout of the numerical model for the reinforced footing and capsule
made in Plaxis 2D software
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Table 2. Summary of analysis program
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Table 3. Sand and Gravel Characteristics
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Fig. 4. Gran size curve for sand soil
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Table 4. Geogrid Characteristics
Sample No. Propenty Unit Test metod Value
Max Load at yield point KN/M ASTM D6637 9.83
Extension at Max Load % ASTM D6637 34.4
MD
Load at Ten percent
Extension of Gauge Length KN/M ASTM D6637 3125
Extension at 1/2 Max Load % ASTM D6637 0.05
Max Load at yield point KN/M ASTM D6637 6.54
Extension at Max Load % ASTM D6637 65
TD
Load at Ten percent
SI;(?CIE Extension of Gauge Length KN/M ASTM D6637 3.14
ie
Extension at 1/2 Max Load % ASTM D6637 11
Water absorption Y%owt ASTM D570 0
Mass Per Unit Are Gr/m? ISO 9864 878 £ 12
. MF]I(rate 190°C,5kg) Gr/10min ASTM D1238 1/05
Thickness mm - 371
Mesh aperture size mm - 10*10
Impact Strength (again) Kj/m? ASTM D256 38/5
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Fig. 6. The capsule used in the model
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Fig. 7. Comparison of the force-displacement diagram of h/B = 0.3, b/B = 3 and u/B = 0.1 in experimental
and numerical models
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Fig. 8. Comparison diagram of bearing capacity for geogrid and capsule mode with h=0.05B
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Fig. 10. Deformation of the capsule sample with h=0.3B
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Fig. 11. Comparison diagram of the bearing capacity of the foundation for the case of capsules with differ-
ent thicknesses h=0.05B, h=0.1B, h=0.2B, h=0.3B

A8yl Oygo e g s & Cand G50l Lo 3YF g o )Y V/Y
gty (i 45 8,5 Ao g oo el Cunds gl 4 dngi b ol

3,5 555 /Y B iy JseaS £lisy) o8 sl iloj o sl 3, Shas

ol 04

S92 el b g o pj il S G518 alols 156 Y A
VO [ IV N iy calisee dlold By JaunS G cpl
@ow)sobﬁ'@.w%@@ﬁm"fump% = -/
W8S B s 90 P 2 Sk Sl > g lals
P 2 IV B oS elis) 5 2 =% S bl e 1
ol ol dzily oSS coli Wlod S dbul 1) (s0,b Cud )b oy i &S

5 (B = /N e IYD D VD D) GS 35 by S5 JgenS alols

B
0l 4y oSS it (A dw 5 Y 93 Y ) JounS lads¥ s

Ol b odd pdane S > Slas oS dad o L €Y IS5 » Ll
oSl dzily SBoSlos )3 (6 Saudn D0y JowS slaasY dlas
Y JSKs» 2 &S jalaslon .l oas S (o)L cud )b 4ol 38]
Soted 5 o S 5 315 51 o S el Sl 1 35550 o2l
dw g &Y 0 @Y ) JounS Golite slayY jd jloged s dlj

5 alol il b as cul ol 0aiS byl cpl b e EalS (4Y

Yoo

oS gebuns alolh 5 Cousl 0 &85 JLa5 )3 puit (1 =+ /o8 eo/) oY

ol €V IS > sl o ails o5 el (%

Sz dgu0 4,555 JounsS b odd e S 5 Slos o8 d> o0
SB b cud )l (il58l cow a5 cl atil S5 Slas 4 Cons

| =

2 S A Al By 5 555 JomS Y &l i b sl ol
2595 JpS Y eB)) Gl WS (o Jood 5 (oded )l g )
bl 585 JgmS 4 Gl S o S8 ol it culo @
» 50 aS jolailen Ml &) JouwS 0 Ladge LisleS oS Wb wsbl ol
2 410505 o dgly JgunS Culus i3l b 39 oo samlie €)Y S5
o 42yt by Gl ) o Maige I gl ol Jgb
Sl (651038 D) Caws g WD o Fy (B8] w0 ) Cuuls
Cuolus d p dS Jad o i €)Y S » 00,8 o SB 5 JguaS oy
ol bl I3l e e I3l Y B &y /0 Bl JgunS
e b Gl o s o 325 B = VI slae
g & ¥ By /YB /N Bee/d B cubus glp Y B Jsb o
Slp BY Jsb 55 5 10 3YY/0 § 3o VMY o 2IY/Y o p> YIA
WIY o MO iy & +/Y B g +/Y B /Y Bee/+0 B cwls
Cwlus 6l ¥ B Jsb 30 coles )3 5 2oy VYA 5 0o, 0VA/F o

5..\..9).) \a/Y ‘M).)\'/a t:»\:‘::‘)s 4\{ '/Y‘ B 9 '/Y B c'/\ B v/’& B



FEV B YFY doio VFF Jlo o oyl AV S yual 3l pos swdiges it

3000
- 2B =——— 3B —— 4B °
2900 s
- &
&
~2800 | 5
g
= -
=
<2700 o
2600 - L
- L
[}
2500 L 1 1 1 1 1 1 1 1 1 L 1 L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
h/B

h=+/8 B h=+/) B B=+/Y B g h=+ /¥ B &sliie glacuelins b JounS s 615 o 6205 S yb dunlio lg09 1) JSi5

Fig. 11. Comparison diagram of the bearing capacity of the foundation for the case of capsules with differ-
ent thicknesses h=0.05B, h=0.1B, h=0.2B, h=0.3B
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Fig. 14. Diagram of BCR changes in horizontal bed reinforced with geogrid and capsule with h=0.3B
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