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Abstract – Geocells are a type of geosynthetic polymer 
manufactured in the shape of 3D interconnected cells, can be 
used as a reinforcement to the soil to enhance the behaviour of 
soil. Geocell helps in imparting lateral confinement to the soil, 
increases the stiffness and strength, and reduces the surface 
permanent deformation. This paper reviews the performance 
of shell footing resting on a geocell reinforced foundation bed, 
the effect of the influence of several layers of geocell imparted 
on the foundation soil. The results of the study indicates that 
conical footing gives better performance in considering the 
settlement and bearing capacity of the soil. As increasing the 
layers of geocell in weak soil, the settlement can be easy 
reduced. 
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1.  INTRODUCTION  
 
      The use of shells in foundation engineering came into 
existence in the 1950s. Shell foundations are a typical kind of 
structure that is capable of transferring the foundation load 
to the soft soil in a much wider area [4]. There are different 
kinds of shell footings are used like conical shell footing, 
pyramidal shell footing, etc. Many researchers have 
conducted the influence of shell footings in cohesive soil. And 
the result shows that shell footing is capable of carrying the 
loads that are acting on the foundation to the soft soil in a 
much wider area. Adding an edge beam at the bottom side of 
the shell footing increases the bearing capacity of the soft 
soil. Conical shell footing increases the ultimate bearing 
capacity of the soft soil and reduces the settlement behavior 
compared to the conventional flat foundation. Geocell-
induced conical shell foundation shows better results 
compared with the unreinforced soil [8]. 

 
      When a significant load is applied, conventional flat 
footings resting on weak soil create excessive settling. Shell 
footings, on the other hand, boost the soil bearing capacity 
and transfer heavy loads through weak soil. Conical shell 
footing performs better than pyramidal shell footing and 
shows an 80 percent reduction in settlement when the weak 
soil is strengthened or reinforced with geocell layers. With 
the addition of a geocell layer to the weak soil, the 
performance of the weak soil can be improved. This aims in 
boosting the foundation bed bearing capacity as well as its 
settlement behavior [17] [7]. Geocell is three-dimensional in 
shape, combined together to form a cellular-like network. 

The geocell layers are infilled with soil improving the 
bearing capacity, stiffness, and shear strength of the weak 
soil. Fig.1 shows the geocell filled with soil. They are 
manufactured from a polymer called high-density 
polyethylene. The cellular-like structure for the geocells 
gives all-round confinement to the infill soil. The cells or the 
pockets of the geocells are filled with locally available 
compacted soil as in the form of different layers [21].  
 
      Due to its three-dimensional shape, the geocell helps in 
distributing the vertical pressure acting on the soil to a 
larger area under the geocell layer [18]. Geocells are 
developed by the US army corps for military application in 
the 1970s to improve the performance of poorly graded soil. 
The cells of the geocell pockets are filled with locally 
available materials, like sand, finely graded aggregate, and 
soil. A settlement reduction of about 78% resulted in the 
case of geocell pockets infilled with aggregate. Moreover, soil 
and sand can also be used as the infill material for geocell, 
and the test result shows a settlement reduction of 73% and 
70%. [11]. Introducing stone columns and geocell mattresses 
in the soft soil also enhances the performance of the soil. The 
stone column has high stiffness and strength, due to that 
they are more capable of transferring the load to the soft 
foundation soil [3]. 

 

 
 

Figure 1: Geocell filled with sand 
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2. ANALYSIS OF REINFORCED FOUNDATION BED 

      Foundation bed reinforced with geocell was analyzed 
using PLAXIS 3D software. A quarter of the portion is 
considered for better accurate result. A geocell of 24 cm x 20 
cm x 15 cm was used. And the effect of conical and pyramidal 
shell footing reinforced with geocell layer was analyzed. The 
model parameters are summarized in Table 1 and Table 2. 

Table 1: Parameters of geocell reinforced foundation bed 

Parameters Pyramidal Conical 

Number of elements 9248 7822 

Core sand   

Young’s modulus, E (kN/m2) 11000 11000 

Poisson’s ratio, ν 0.3 0.3 

Cohesion, c (kPa) 0.35 0.35 

Friction angle, ɸ (°) 37 37 

Dilatancy angle, Ψ (°) 7 7 

Unit weight, γ (kN/m3) 17.6 17.6 

Bed sand   

Young’s modulus, E (kN/m2) 11000 11000 

Poisson’s ratio, ν 0.3 0.3 

Cohesion, c (kPa) 0.35 0.35 

Friction angle, ɸ (°) 37 37 

Dilatancy angle, Ψ (°) 7 7 

Reference depth 0 0 

Unit weight, γ (kN/m3) 17.6 17.6 

 
Table 2: Parameters of geocell reinforced foundation bed 
 

Parameters Pyramidal/ 
Square 

Conical/ 
Circular 

No. of elements 14540/14359 14686/14523 

Footing  

Material model Linear elastic 

Young’s modulus 1.61 x 1010 

Poisons ratio, ν 0.25 

Width, D/B (mm) 1.60 

Geocell  

Material model Isotropic elastic 

Axial stiffness (Kn/m2) 300 

Cell size (mm) 240 x 200 

Cell height (mm) 150 

Embedded depth 20 

 
      The main difference between the shell foundation and a 
conventional flat foundation in reinforced soil is that the 
shell footing improves the bearing capacity of the foundation 
bed as well as transfers the load to a much wider area. The 
geocell used in the study is of size 24cm x 20cm x 15 cm and 
is inserted at a depth of 2cm below the top surface of the soil. 
The foundation has a base size of 100 mm x 100 mm for 
pyramidal footing and conical footing has a base diameter of 

100 cm. since the model has a symmetric dimension, a 
quarter of the portion is used for the analysis. The pyramidal 
footing having a number of elements equal to 35539 and the 
conical footing has a number of elements equal to 36100. 
Fig.2 shows the model of geocell reinforced conical and 
pyramidal shell footing. 

 

 
 

Figure 2: Geocell reinforced conical and pyramidal shell 
footing 

 
      The validation of the above model shows a significant 
variation in the settlement behavior for the reinforced and 
unreinforced cases. The graphs below show the settlement 
behavior for the reinforced and unreinforced beds shown in 
fig.3 and fig.4. The validation and corresponding graph 
indicate that, a reduction in settlement for the soil which is 
reinforced with geocell. A foundation bed reinforced with 
geocell helps in improving the bearing capacity of the soil. 
The higher increase in the bearing capacity of the geocell can 
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be achieved by widening the depth of the foundation soil 
bed. And there shows a significant reduction in settlement 
for the conical shell footing compared with the pyramidal 
shell footing. The conclusion of this research is that there 
shows an improvement in the bearing capacity of the soil 
and a reduction in settlement with the addition of geocell for 
the weak soil for conical shell footing compared with the 
pyramidal shell footing. The reduction in settlement for the 
conical and pyramidal shell footings are 80% and 74% [1]. 

 

 
Figure 3: Applied pressure v/s settlement curve for 

reinforced and unreinforced foundation bed 
 

 
 

Figure 4: Settlement ratio v/s improved factor for 
reinforced and unreinforced foundation beds 

 

3. EFFECT OF INFILL MATERIALS 
 
      Normally geocell pockets are filled with sand or finely 
graded aggregate. Many researchers have conducted 
experiments on geocell filled with sand, aggregate, and river 
sand. The test results obtained from the experiment were 
that the geocell pockets filled with sand show better 
performance under static loading conditions. And geocell 
pockets filled with aggregate are more effective under 
dynamic loading conditions. Researchers also conducted 
experiments on a mixture containing sand and tyre scraps, 
and the result obtained affected the performance of the 
geocell [11].  

3.1 Experimental set up 

      Hedge and Sitharam conducted an experiment test 
regarding the soil reinforced with geocell. 900mm x 900mm x 
600mm test tank is used for the preparation of the 
foundation bed. 150mm sides rigid steel plate with 20mm 
thickness was used as the footing, ie. Square footing. With the 
help of epoxy glue, the base of the footing was made rough by 
coating a layer of sand. Loading is applied with the help of a 
hydraulic jack. The applied load is measured with the help of 
the proving ring. The model test setup is shown in fig.5 . 

 

Figure 5: Model test setup 

3.2 Materials used 

      The foundation bed was prepared with silty clay of 
medium compressibility.   The specific gravity of the soil was 
2.66. The soil was having a plastic limit and liquid limit of 
40% and 19%. The geocell was made of polyethylene 
material and had a density of 0.95g/cm3. The dimension of 
the geocell was 250mm in length, 210mm in width, and 
150mm in thickness. Geocell is having an ultimate strength 
of 20 kN/m. A geogrid of 35mm x 35mm aperture size 
geogrid was used at the base of the geocell which is made 
from a material called polypropylene with an ultimate 
tensile strength of 20 kN/m. For the test purpose, locally 
available red soil, aggregate and sand were used. The chosen 
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red soil was having a liquid limit and plastic limit of 33% and 
16%. From the direct shear test, the sand was found to be a 
friction angle of 35°.   Fig.6 shows the tensile load strain of 
geocell and geogrid. Table 3 shows the properties of geocell 
and geogrid [10]. 

 

 
Figure 6: Tensile load strain behaviour of geocell 

and geogrid 
 

Table 3: Properties of geocell and geogrid 

Parameters Quality 

Geocell  

Polymer Polyethylene 

Cell size (mm) 250 x 210 

No. of cells/m2 40 

Cell depth (mm) 150 

Strip thickness 1.53 

Cell seam strength (N) 2150(±5%) 

Density (g/cm2) 0.95(±1.5%) 

Short term yield strength (kN/m) 20 

Geogrid  

Polymer Polypropylene 

Aperture size (MD x XMD) 35 x 35 

Ultimate tensile strength (kN/m) 20 

Mass per unit area (g/m2) 220 

Shape of aperture opening Square 

 
3.3 Bearing pressure settlement curve 

      Fig.7 shows the bearing pressure variation curve 
corresponding to different infill materials. And the result 
from the graph shows that there is a failure for the 
unreinforced foundation bed. And there shows no failure for 
the foundation bed reinforced with geocell material 
corresponding to different infill materials. Geocell directly 
transfers the footing load to the foundation soil. Since there 
was no failure occurred to the footing, at S/B = 45% the tests 
were stopped. Geogrid was placed below the geocell layer, 
this helps in strengthening the clayey bed and restricts the 

movement of the soil. Aggregate shows better performance 
among the three infill materials. Aggregate is having higher 
friction compared to red soil and sand [11] [18]. 

 

Figure 7: Footing settlement v/s bearing capacity curve for 
reinforced and unreinforced foundation 

4. SIZE AND SHAPE OF GEOCELL 
 
      The circular shape geocell shows better performance 
compared to other shapes. Circular-shaped geocell increases 
the bearing capacity of the weak foundation beds and shows 
higher stiffness than other shapes. Based on the elastic 
modulus of the geocell layer, the performance of the geocell 
reinforced foundation bed can be enhanced [11]. Increasing 
the number of layers of geocell also increases the 
performance of the foundation soil [20]. In order to get 
better performance for the geocell reinforcement, the width 
of the footing selected should be 13 – 27 times the medium 
grain size of the material [5]. Increasing the height and width 
of the geocell and increasing the number of layers of geocell 
in the weak soil, helps in increasing the characteristics of the 
geocell, the ultimate bearing capacity, and reduction in the 
settlement of the soil [14]. Different shapes of geocells are 
available in the market like circular, box-type, elliptical, etc. 
Sanat, Jie, Dov, Robert, and Izhar conducted an experimental 
investigation on an elliptical-shaped geocell having a 
dimension of 260mm x 185 mm. The test result obtained 
was that, the elliptical shape was changed to an almost 
circular shape with a dimension of 235mm x 200mm. Fig.8 
shows the change in the shape of the geocell. Then they 
conducted an experiment on circular-shaped geocell having 
a diameter of 205mm. and the test obtained was, circular-
shaped geocell implementation on weak soil improves the 
performance of the foundation bed [17]. 
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Figure 8: Change in shape of geocell 
 
      When the geocell is laid on a crushed stone bed, there 
shows an increased bearing capacity of the soil [15]. A 
combination of geocell and geogrid shows better results for 
the soft soil than implementing geocell alone [12]. Increasing 
the height of the geocell increases the bearing capacity and 
performance of the geocell reinforced foundation bed. For 
the unreinforced and reinforced bed, decreasing the 
thickness if the geocell increases the bearing capacity of the 
foundation soil. Geocell of section thickness 120mm shows 
ultimate bearing capacity and stiffness of 1.9 and 1.6. And for 
geocell section thickness of 170mm, it shows an ultimate 
bearing capacity and stiffness of 1.6 and 1.3 [17]. Geocell 
offers greater apparent strength to non-cohesive soil also 
[19]. 

 

5. EFFECT OF FOOTING 
 
      Geocell offers better performance for shallow foundation 
[2]. Increasing the value of the coefficient of variation and 
decreasing the value of correlation length in the horizontal 
and vertical direction, shows a significant increase in the 
randomness and spatial variation with a reduction in load-
carrying capacity. If the value of soil friction increases, the 
soil dilatancy can be found significant. Increasing the 
dimension of the footing helps in increasing the bearing 
capacity as well as reducing the settlement behavior of the 
weak soil if the soil is reinforced with geocell and geogrid [3]  
 

CONCLUSION 
 
      With the inclusion of geocell and shell footing in the weak 
soil, there is a significant increase in the bearing capacity and 
reduction in the settlement ratio under cyclic load. 
Increasing the height and width of the geocell and increasing 
the number of layers of geocell in the weak soil, helps in 
increasing the characteristics of the geocell, the ultimate 
bearing capacity, and reduction in the settlement of the soil. 
Reinforcing the soil with geocell increases the strength of 
cohesive soil as well as non-cohesive soil. When the geocell is 
laid on a crushed stone bed, there shows an increasing 
bearing capacity of the soil. To get better performance for 

the geocell reinforcement, the width of the footing selected 
should be 13 – 27 times the medium grain size of the 
material. Load-carrying capacity is one of the main factors 
that affect the randomness and spatial variation in soil. 
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