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ABSTRACT:  This paper investigates the influence of properties of infill material on the load - settlement behaviour of geocell 

mattresses by carrying out a series of laboratory scale-load tests on a model strip footing resting on clay reinforced with confined 

geocells. The parameters varied include aspect ratio of the aperture of geocell, infill materials and relative density of the infill 

material. The infill materials used in this study are sand, 6mm aggregates and 12 mm aggregates. The experimental results are 

compared with the results obtained from Finite Element Analyses, carried out using the software Plaxis 2D. It  is observed that the 

load-settlement behaviour is considerably influenced by the properties of infill material. An increase in grain size of the infill 

material considerably improved the load- settlement response of the geocell. However an increase in the aspect ratio of the 

aperture of the geocell caused a reduction in bearing capacity. It is also observed that an infill material of sand, compacted to a 

relative density of 88%, gives better improvement t han 6mm aggregate. 

Keywords: Geocell, Load – Settlement behaviour, Infill material, Laboratory Scale Load Tests, Finite Element Analyses 
            

1 INTRODUCTION 

Due to rapid urbanization, there has been an increase in 

demand for land space all over the world. This has 
resulted in an increase in the need to construct on soft 

soil grounds, which were considered unsuitable for 
construction a couple of decades ago. The stability of 

such structures on soft soil deposits is a challenging 
task due to high settlement and heaving tendency of 

soft soil. In such cases, ground improvement 

techniques have to be adopted to improve the load 
carrying capacity and to reduce the settlement of the 

soft foundation bed. (Zou and Wen (2008)) The 
introduction of geosynthetics as reinforcement has 

significantly reduced the cost of ground improvement 
and simplified the construction procedure. Geocell is 

the latest development in the field of geosynthetics and 

its benefits have been highlighted by several 
researchers (Pokharel (2010), Dash et. al., (2004)). 

   Geocell is a three dimensional, polymeric, 
honeycomb like structure of cells interconnected at the 

joints that provide effective confinement of the 
encapsulated soil against being pushed away from the 

region under loading. The filled cells being 
interconnected, the panel acts like a large mat that 

spreads the applied load over an extended area leading 

to an improvement in the overall performance 

(Bathurst et. al., (1998), Carter and Dixon (1995))as 
shown in Figure 1. 

 

  (a)                             (b) 

Fig. 1: a) Geocell b) Soil reinforced with geocell  

Webster (1979) mentioned in his studies that the 
concept of lateral confinement by cellular structures 

dates back to 1970s where the United States Army 

Corps of Engineers developed this idea for providing 
lateral confinement to soil to improve the bearing 

capacity of poorly graded sand. At present, high 
density polyethylene (HDPE) is the most common 

polymer used to make geocells by welding extruded 

HDPE strips together to form honey combs (De 

Garided and Morel (1986)). The geocell reinforcement 
arrests the lateral spreading of the infill soil and creates 

a stiffened mat to support the foundation thereby 
giving rise to higher load-carrying capacity (Bush et. 

al., (1990), Latha et. Al., (2009)).  

In this investigation, a series of Finite Element 
Analyses is carried out to investigate the influence of 
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ratio of the aperture of geocell, infill materials and 
relative density of the infill material on the load - 

settlement behaviour of a geocell mattress. The results 
obtained are compared with laboratory scale loading 

tests for validation. 

2 LABORATORY MODEL TES TS 

2.1 Test Setup 

Model tests are conducted in a test bed comprising of a 

test tank, a loading system and dial gauges to measure 
deformation. The general arrangement of the laboratory 

test setup is shown in figure 2. The testing tank is 
designed as a rigid box 1000 mm in length, 750 mm in  

height and 750 mm in width, encompassing the 
reinforced soil and model foundation.  

 

Fig.2 Laboratory Test Setup 

The loading system includes a loading frame and a 

mechanical jack of 50 kN capacity. The loading frame 
consists of four stiff and heavy steel columns and a 

horizontal cross head that supports the mechanical 
jack. Settlements are measured using two dial gauges 

placed diametrically opposite to each other. 

2.2 Materials 

Locally available clay is used as weak soil in all the 
tests. Infill materials used are sand, 6mm aggregate and 

12 mm aggregate. 

2.3 Reinforcement 

Vertical and horizontal geogrid elements are prepared 
by cutting geogrids to the required length and height 

from full rolls. The geogrid elements are then joined 

together using threads resulting in the formation of 
geocell mattress. The properties of geogrid used is 

given in table-3  

2.4 Test Parameters and Testing Program  

The width of geocells adopted in the study is 3B, where 
B is the width of the footing. The width of model strip 

footing is taken as 100 mm in this study. Various 

aspect ratios of a/b = 0.33, 0.5 1, 2 and 3 are adopted in 
this study.The geocell mattress is placed centrally 

below the footing without any eccentricity. The infill 
materials of various particle sizes were used in the 

geocell mattress. Geocell mattresses were prepared 
from geogrids and geotextiles. The geometry of geocell 

for the load test is shown in fig. 3. The length of the 

aperture opening is taken as ‘a’and its width as ‘b’.  

 

Fig. 3: Geometry of geocell for the load test  

Aspect ratio is defined as the length to width  
ratio of the geocell aperture. Sand is compacted for 

two relative densities to understand the effect 
density of infill material on the load settlement  

behaviour of the geocell reinforced footing resting 
on clay. The parameters studied are indicated in  

Table 4. 

TABLE 4: PARAMETERS VARIED  

 

3  FINITE ELEMENT ANALYS ES  

Finite element analyses are carried out using the FE 
software PLAXIS 2D. The width and depth of soil 

mass is taken as 1000mm x 750 mm and the width of 
the strip footing (B) is taken as 100 mm. The size of 

soil mass is taken equal to the test tank and width of 

strip footing equal to the size of model strip footing 
used for the laboratory – scale load tests. The 

settlement of the rigid footing is simulated using 
vertical prescribed displacements and the foundation 

system is simulated using plain strain model. The 
boundary conditions are taken as full fixity at the base 

of the geometry and smooth conditions at the vertical 

sides. To simulate the behaviour of the soil, material 
parameters and appropriate soil model are chosen. 

Mohr–Coulomb model is adopted as the soil model for 
all analyses. The properties of materials used for the 

laboratory tests are assigned as the material parameters 
in the FE analyses. The soil is modeled using 15-node 

triangular elements. Poisson’s ratio of the soil is taken 
as 0.25 for all cases. The geogrid reinforcement is 

combined with an interface to appropriately model the 

interaction with the surrounding soil. The parameters 
varied for the finite element analyses are also the same 

Aspect ratio of the aperture(a/b) 0.33, 0.5, 1, 2, 3 

Infill materials 
San d, 6 mm and 12 

mm aggregates 

Relative Density(Sand) 64%, 88% 
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as those varied during the laboratory model study as 
given in Table 4. Figures 4, 5 and 6 shows the 

deformed mesh, stress dis tribution in soil and typical 
distribution of vertical stress along a horizontal section 

through the bottom of geocell during the finite element 
analyses 

 

   Fig. 4 Deformed mesh after loading 

 

Fig. 5 Typical Stress distribution in soil after loading 

 
Fig. 6 Typical Distribution of vertical stress along a    

horizontal section through the bottom of geocell  

4 RES ULTS AND DISCUSS IONS 

4.1 Effect of gradation of infill material 

Figure 7 represents Vertical stress Vs normalized 
settlement curves obtained from experimental and 

finite element results on the effect of different infill 
materials on the load – settlement behaviour of 

footings for aspect ratio 0.5. It is seen from the figure 
that geocell with infill 12 mm aggregates gives better 

results than other infill materials. It is seen from the 
figure that the improvement in load carrying capacity is 

more for 6 mm aggregates than for sand compacted to 

a relative density of 88%. A similar variation of 
bearing pressure with footing settlement is observed for 

other aspect ratios 0.33, 1, 2 and 3 

 

Fig 7: Effect of gradation of infill material for aspect ratio 

0.5 

4.2 Effect of As pect ratio 

 

Fig.8: Comparison of aspect ratio of the aperture of 
geocell for sand with relative density 88% 

Vertical stress Vs normalized settlement curves 

for various aspect ratios of aperture of geocell made 
with geogrids with infill material of sand compacted 

to 88% relative density is presented in figure 8. It is  
seen that an increase in aspect ratio reduces the load 

bearing capacity. The ultimate load taken by the 

geocell increased with the relative density of in fill 
material. It can also be seen from the figure that the 

there is improvement in load – settlement behaviour 
as the aspect ratio reduces upto 0.5 and a further 
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reduction in aspect ratio is not beneficial. The 
experimental results were in good agreement with  

the finite element results. Similar behaviour is seen 
for geogrids with infill material sand compacted to a 

relative density of 64%. 

 

Fig. 9: Comparison of aspect ratio of the aperture of 

geocell for 12 mm aggregates  

From figure 9, which presents the behaviour of geocell 
with infill material of size 12 mm, it is seen that 

improvement in load-settlement response is maximum 
when aspect ratio is equal to one. A similar behaviour 

is observed when 6mm aggregate is also used as the 

infill material. It is also seen that the load carrying 
capacity of geocell with infill material of 12 mm 

aggregate is more than that with infill material of 6 mm 
aggregate. 

As the aspect ratio increases the number of reinforcing 
geogrid elements within the geocell mattress decreases 

which results in a decrease in the efficiency of the 
geocell mattress to distribute the load laterally. As the 

aspect ratio decreases, the height of the geocell 

increases, the beam or plate effect and confinement of 
the geocell increases the stiffness of the reinforced base 

thus having a wider stress distribution. 

4.3 Effect of Relative Density of the infill 

Vertical stress Vs normalized settlement curves with 
two different relative densities, for different aspect 

ratios are presented in Fig 5.21. The curves for sand 
with relative density 88% is shown in solid lines and 

that with relative density 64% is shown in dotted lines. 
It is seen that the load-settlement behaviour improves 

with an increase in the relative density of infill 

material. It is seen from the figure that sand compacted 
to a relative density of 88% for aspect ratios 0.33, 0.5 

and 1 gives more improvement than sand compacted to 
a relative density of 64% for aspect ratio 0.5.  

 

Fig. 12: Effect of relative density on bearing capacity of 
footings 

 

5 CONCLUS IONS  

From the results of loading tests carried out, the 

following conclusions are drawn. 

Due to three-dimensional structure, geocell mattress 

provides lateral confinement to soil particles within the 
geocell which is due to friction between the infill 

material and the geocell. As particle size of infill 
material increases there is an improvement in soil 

properties. It is also observed that sand when 

compacted to a relative density of 88%, it could take 
more load than for 6mm chips . 

As the aspect ratio of the aperture is increased, the 
number of reinforcing geogrids in the geocell decreases 

which results in the decrease in bearing capacity of the 
soil. As the aspect ratio decreases, the height of the 

geocell increases, the beam or plate effect and 

confinement of the geocell increases the stiffness of the 
reinforced base thus having a wider stress distribution. 

It is observed that the load-settlement behaviour 

improves with an increase in the relative density of 

infill material. Sand when compacted to a relative 

density of 88% for aspect ratios 0.33, 0.5 and 1 

gives more improvement than sand compacted to a 

relative density of 64% for aspect ratio 0.5.  
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