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Abstract. The conventional single layer of geocell reinforcement, as a measure of ground im-

provement technique, has widely been accepted to strengthen weak soil into a competent foun-

dation layer. Since its inception, several researches are performed with such layer configuration 

and successfully applied in field. The performance factors of geocell-systems have been im-

proved with various laboratory/in-house investigations and their critical appraisals on paramet-

ric influences. However, it is noticed that most of the reinforcement volume (about one-third of 

the total with respect to loading size when full load transmission up to the geocell-bottom is 

allowed) remain unused in case of the single layer geocell system. Besides, compaction of soil 

at a greater depth of geocell experiences a great deal of difficulties. In addition, the thicker 

layers undergo considerable buckling at the top of geocell-walls (situated just under the load) 

affecting localized settlement without any appreciated improvement. Therefore, replacing the 

single layer, with a multi-layered stepped configuration, would mitigate this issue with an addi-

tional benefit in terms of material optimization. As of now, the mechanism of multi-layered 

structure has not been developed explicitly which thrusts more emphasis on this issue to be 

addressed. In this study, the performance of multi-layered system is envisaged to investigate 

through numerical simulation in Plaxis2D. In doing so, initially, the work reported in Biswas 

(2019) is validated to confirm the parametric considerations. Being successful, it has further 

been used and extended for the present objective. A comparative performance of single with 

multi-layered configuration is presented to confirm the usefulness of the proposed concept. 
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1 Introduction  

Geocell is one of the several types of ground improvement techniques favored by 

most of the geotechnical engineers of modern age. It has several advantages over 

conventional ground improvement techniques in terms of cost effectiveness, eco-

friendly and ease of use etc. Initiated through pavement application [1-5], several 

investigations are executed to find out the working mechanism of geocell by varying 

different parameters controlling the performance of geocell-reinforced structures as-

sociated in various civil engineering applications, such as embankments [6-10]; rail-

ways [11-12], footing/foundations [13-15] etc. However, such studies were focused 

on single layer of geocell system; while, a multi-layered system would be a viable 

option mitigating different difficulties identified [16]. Unfortunately, very few at-

tempts (mentioned hereunder), so far, are reported on this configurations and thus, the 

success and mechanism of multilayer geocell system has yet not explored properly.   
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Li et al. [17] has conducted a series of model experiments to compare the perfor-

mance of reinforced embankment with multiple geocell layers and other parametric 

variations. They have noticed and concluded that the bearing capacity of embankment 

has increased with the number of reinforcement layers, and accordingly, the vertical 

and lateral displacements were decreased. Similar observation has also been reported 

by Tafreshi et al. [18]. They have reported the performance of a series of cyclic plate 

load tests on unreinforced and reinforced beds by multiple-layers of geocell. The re-

sult indicated the performance, in terms of load-settlement behavior, improved with 

the number of geocell layers [18]. Sarkar and Biswas [19] have reported an analytical 

study with multi-layered geocell system and observed that multi-layer of geocell sys-

tem performs better in terms of reduced stress and settlement [20]. In present study, 

the authors have extended their previous work [19] with respect to effectiveness of 

multilayered geocell reinforcement. 

 

Fig. 1. Schematic Diagram of the model test set-up adopted by Biswas [16] 

2 Material Characterization and Methodology 

Biswas [16] addressed the various issues regarding single layer geocell-reinforced 

systems and presented a comparison for different reinforcements on varying founda-

tion configurations. Model tests were performed with a circular footing rested over 

unreinforced and reinforced sand layers overlying clay subgrades of different 

strengths (cu = 7, 15, 30, and 60 kPa). The properties of materials used in the test pro-

gramme are reproduced in Table 1 along with calculated geocell-properties used for 

present numerical analysis as per Latha and Rajagopal [10]. In the experimental study 
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geocells were assembled in chevron pattern with the help of bodkin joint. The geocell 

materials showed the maximum tensile strength as 20 kN/m at 11% of axial strain. 

Table 1. Material Properties 

Material Material Properties Values 

Clay (CL)
#
 Max unit weight (kN/m

3
) 17.3 

OMC (%) 19.7 

Sand (SP)
#
 Max unit weight (kN/m

3
) 16.43 

Friction angle (from triaxial test)(°) 40 

Geocell* Equivalent Diameter (mm) 120 

Modulus of elasticity Eg (kPa) 92719 

Poisson’s ratio 0.3 

Cg  (kPa) 92.73 
#From Biswas [16]; *Derived as per Latha and Rajagopal [10] 

Table 2. Details of test series and parameters considered in Biswas [16] 

Foundation types Test parameters 

Homogeneous clay and sand 

bed 

cu = 7, 15, 30 and 60 kPa 

Dr = 80 % 

Unreinforced sand layers on 

clay subgrades 

cu =7, 15, 30 and 60 kPa; Dr = 80 % 

H/D = 0.63, 1.15, 1.67, 2.19 

Geocell-reinforced sand 

layers on clay subgrades 

cu = 7, 15, 30 and 60 kPa;  Dr = 80 % 

H/D = 0.63, 1.15, 1.67, 2.19; Z = 0.1D; d/D = 0.8 

3 Multilayer stepped geocell System 

Till now, single layer of geocell is used in most of the soil reinforcing systems. But 

studies have revealed that difficulties in filling arises where thickness of the geocell 

layer is high. As per the authors, it can be addressed if multilayer of geocell system 

can be used (Fig. 2a). Therefore, in this study, geocell reinforced sand, having H/D = 

2.19, overlaying clay subgrades is considered (as Biswas [16] has reported all the 

difficulties were prominently found for this configuration). In this study two layers of 

geocell is placed and a sand cushion of thickness z is considered in between the lay-

ers. 

The conventional consideration in geocell reinforcing system is that the geoell is 

placed for full width of the area concern, instead as per the applied loading dimension 

only. Therefore, it has been found that in such configuration most of the portion of 

geocell remain unused. Hence, it could be an effective measure if the geocell length is 

curtailed as per the load transmission. To address this issue and to find out the effec-

tive mechanism to provide multi-layer stepped geocell, the configuration of geo-

structure having H/D = 2.19, is splited into two and top-layer of the geocell is cut at 

its 1/4
th

 width from the edge (from both ends; Fig. 2b). 
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Fig. 2. Proposed configuration (a) Multi-layer Geocell, (b) Multi-layer stepped Geocell  

4 Simulation and Validation  

4.1 Composite Geocell-Soil Layer 

All the finite element analysis reported in this paper are performed using the 

PLAXIS
2D

. In the analysis, axi-symmetric model is used where soils are modelled 

using a nonlinear elastic-plastic constitutive model following Mohr-Coulomb yield 

criteria and non-associated flow rule (as per Wulandari and Tjandra [20]). The Geo-

cell layers are modelled as an equivalent composite layer as proposed by Latha and 

Rajagopal [10]. In this method, the geocell-soil layer is simulated as a composite-soil 

having higher cohesion with unaltered internal friction angle. The geocell-induced 

cohesion is termed as apparent cohesion (cr) and calculated as Eq. 1. With the modi-

fied shear parameters, the equivalent stiffness of geocell (Eg) layer is calculated (Eq. 

1-3); where, ‘Δσ3’ is the additional confining pressure due to membrane stress, ‘εa’ is 

the axial strain at failure, ‘Do’ is the initial diameter, ‘M’ is secant modulus of mem-

brane, ‘Kp’ is coefficient of passive earth pressure and ‘Ku’ is the dimensionless 

modulus for the unreinforced sand. 

   
   

 
√   ……………. (1) 
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  √    
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 A sample calculation for the input parameters are shown hereunder. 

a b 
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Let, εa is the axial strain at failure = 0.125, Do is the initial diameter = 0.12 m, M = 

Secant Modulus at failure = 75 kN/m,  

Hence,     
  

  
(
  √    

    
)  

      

     
(
  √       

       
)           

   
   

 
√   = 

     

 
√            kPa 

 cg = cr + c = 92.78 kPa, and, 

     Eg = 4σ3
0.7

(Ku + 200M
0.16

) = 4×86.9
0.7

 × (550 + 200×380
0.16

) = 92719 kPa 

Thus, following are the parameters used in the analysis to define the materials. 

Table 3. Material Properties and Parameters  

Material Poisson’s ratio Undrained Cohession 

(kPa) 

Modulus of Elasticity (kPa) 

Clay 0.45 7, 15, 30 ,15 600cu 

Sand 0.3 0 13000 

Geocell 0.3 92.78 92719 

4.2 Validation  

Biswas [16] presented a comparative report of laboratory tests performed with cir-

cular plate (footing) rested on different surface foundations. The foundations are con-

figured with unreinforced and reinforced sand (Dr = 80%) layers of varied thicknesses 

overlying a wide range of clay subgrade, from very soft (cu = 7) to stiff (cu = 60 kPa). 

The reinforced layers are comprised of an interface geogrid, geocell and combinations 

of geocell-geogrid of different thickness. It is reported that the performance of foun-

dations improves with reinforcement superiority. However the reinforcement benefits 

were reduced with an increase in clay stiffness and thickness of overlying sand layers. 

In this study, initially, the work of Biswas [16] is validated using PLAXIS
2D

 to get the 

confidence on the parameters to be considered in the numerical analysis. On getting 

the comparable agreements between the experimental and numerical results (Figs. 3-

6) for the soil parameters, they are further used for present objectives. In modelling 

the geocell-soil layers, it is considered as a composite soil layer with modified shear 

parameters [10]. In Fig. 6, it may be noticed that responses of numerical and experi-

mental observations are deferring in a considerable margin for geocell-systems. How-

ever, as the present objective is to compare the performance of single and multi-layer 

(with and without stepped configuration) geocell-reinforced system, thus, this disa-

greement is neglected (as the performance will be evaluated through the ratios of 

bearing capacity and settlement levels). 

a b 
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Fig. 3. Comparison between Experimental (Biswas [16]) and Numerical result (for Homogene-

ous clay bed having cu  = 7 kPa) 

 

Fig. 4. Comparison between Experimental (Biswas [16]) and Numerical result (for Homogene-

ous sand bed with 80% relative density 
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Fig. 5. Comparison between Experimental (Biswas [16]) and Numerical result (for Unrein-

forced layered configuration for cu = 7 kPa) 

 

Fig. 6. Comparison between Experimental (Biswas [19]) and Numerical result for geocell   

reinforced layer of different thicknesses for cu = 7 kPa 

5 Numerical Analysis for Multi-Layer Geocell System 

On successful validation for soil parameters, the study has considered the geocell 

reinforced foundation for multi-layered systems. Numerically, not much variation 

with respect to bearing pressure-settlement responses (for cu = 7 and 15 kPa) is found 

(Fig. 7-8) for a single and multi-layer geocell system. This indicates that, practically, 

the multi-layered geocell system should be fruitful for thicker geocells where compac-

tion and buckling is a defining factor. Besides, it may also be noticed that the stepped 

geocell system have performed as good as the other two; whereas, due to the curtail-
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ment, a huge savings on the material consumption is made. Thus, as per the objective 

of this study, it may be concluded that the stepped configuration would be much more 

effective than a conventional use of single layer geocell without compromising the 

benefits (laboratory experiments, as the companion, are planned to be conducted as 

future scope of this study). 

 

 

Fig. 7. Comparison between Single Layer of Geocell System, Multilayer of Geocell System 

and Multi-layer stepped geocell (cu = 7 kPa) 

 

Fig. 8. Comparison between Single Layer of Geocell System, Multilayer of Geocell System 

and Multi-layer stepped geocell (cu = 15 kPa) 
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6 Conclusion 

This study has numerically investigated the comparative performance of single and 

multi-layer geocell systems. Though, the study is in primary stage, however, a clear 

indication is noticed that a multi-layer geocell system, with stepped configuration, 

would be a better consideration as compared to conventional single layer geocell sys-

tems (Fig. 8). It is observed that for the selected configuration at higher deformation 

(settlement level), soil system collapses for a single-layer system; while for multi-

layer stepped geocell system, this phenomena has not been observed. However, a 

concrete conclusion can only be drawn after a validation programme can be per-

formed through physical laboratory investigation.  
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