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Abstract 

Geocell can be used as a reinforcement to increase bearing capacity of a soil foundation and reduce its 

settlements by using its cellular structure. A three dimensional numerical study on the behavior of 

geocell-reinforced soil during a plate load test was conducted in order to investigate the factors 

influencing the stiffness and bearing capacity of multiple geocell-reinforced soil cushion. The infill soil 

was modeled using the Duncan-Chang model which can simulate non-linearity and stress dependency of 

soil. The Numerical results include the distributions of displacements in the soil and geocell walls. The 

load-displacement responses of reinforced soil are compared to those for soil without geocell. The results 

compared well with the experimental test data existing in literature. 
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1. INTRODUCTION  

 

The term geocell is a generic term describing a class of geosynthetic products manufactured from thin 

strips of polymeric material (usually high density polyethylene). These strips are interconnected to form a 

three-dimensional honeycombed structure that can be filled with compacted soil. The effect of cellular 

confinement on the infill soil is to increase the stiffness and shear strength of the confined soil. The 

composite geocell-soil layer in several applications has been demonstrated to act as a stiffened mat that 

provides greater load bearing capacity and stiffness than the same granular base constructed without cellular 

confinement [1---6].  

Many experimental and numerical studies have been conducted on the performance of geocell 

reinforcement in the last few decades. Krishnaswamy et al. [2] conducted a series of laboratory tests to 

investigate the influence of parameters such as tensile stiffness, height, and pocket-size of the geocell layer, 

length of the geocell layer, and type of fill material inside geocell on the behavior of embankments. 

Experimental and finite element procedures have been adopted to study the efficacy of the geocell alternative 

and the effect of the cell geometry and relative density of the backfill [3]. Bathurst and Knight [4] presented a 

series of numerical simulations using a large strain non-linear finite element model to investigate the load-

deformation response of mid-span and eccentrically loaded steel conduits with and without reinforced 

geocell-soil covers. Latha et al. [5] proposed a simple method for the design of geocell-supported 

embankments. Most of the reported works deal with the bearing capacity of geocell reinforcement. In many 

cases the design of foundation is controlled by settlement rather than bearing capacity. Therefore for a case 

study, a general approach which considers these two is required. The finite element method is an efficient 

tool to simulate nonlinear behavior of geomechanical materials together with their interaction behavior in 

three-dimensions. The numerical analysis of geocell reinforced soils requires truly 3dimensional simulation 

because of all round confinement of soil by geocell pockets. In this paper a numerical model in a commercial 

finite element software package called ABAQUS, is developed to study the features of geocell reinforcement 

together with the capability of soil stress dependency simulating. 

 

2. THEORY 
2.1 NONLINEAR STRESS ANALYSIS 

 

Nonlinear, stress-dependent stress-strain behavior may be approximated in finite element analysis by 

assigning different modulus values to each of the elements into which the soil is subdivided for purposes of 

analysis. The modulus value assigned to each element is selected on the basis of the stresses or strains in each 

element. 
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2.2 DUNCAN-CHANG MODEL 

The soil model is a modified Duncan-Chang hyperbolic model [6-8]. This model is a nonlinear model that 

includes the influence of the stress level on the stiffness, strength, and volume change characteristics of the 

soil. The parameters necessary for the soil model included seven parameters to describe the loading path 

tangent Young’s modulus Et, plus two parameters to describe the Poisson’s ratio t . The seven parameters for 

Et included the unit weight  , the initial tangent modulus factor K, the stress influence exponent n for the 

tangent Young’s modulus, the failure ratio Rf, the effective stress friction angle  , the friction angle 

parameter   and the effective stress cohesion C. The two additional parameters for t  were the initial bulk 

modulus Bi and the asymptotic value of the volumetric strain u . The tangent Young’s modulus Et is defined 

as the instantaneous tangential slope of the triaxial stress strain curve:  
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where 1  and 3  are major and minor principal stresses in a soil element, respectively; and   is the 

major principal strain for that same soil element. The expression that gives Et for the hyperbolic model is 
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where pa = atmospheric pressure. The tangent Poisson’s ratio t  is defined as 
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where the tangent bulk modulus Bt is given by 

2

1 m
t i

i u

B B
B





 
  

 
 (4) 

where m  is the mean effective stress. Seed and Duncan [7] suggested a lower-bound value of Bt 
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This in essence forces the Poisson’s ratio to remain higher than K0 /(1 - K0) and helps to prevent the 

tendency of the model to underestimate lateral stresses at small confining pressures. Poisson’s ratio was also 

kept lower than 0.49. To avoid tension problems a lower bound for Et was set at [9]: 

  min 0.25 0.02
n

t aE Kp  
(6) 

The tangent modulus modeled in this manner increases with increasing confining stress, 3  . Another 

issue of using the Duncan-Chang model in a three-dimensional numerical analysis is that the influence of the 

intermediate principal stress σ2 is missed, because this model was originally developed to analyze triaxial test 

data. A simple modification adopted by researchers is to substitute all the (σ3/pa) terms by (σ2+ σ3) / (2pa). 

This modification was also accepted in this study. 
 

3. Numerical modeling 
A laboratory plate load test [10] was numerically simulated. A quarter of the test box was modeled due to the 

symmetry of the test setup. The general purpose code ABAQUS [11] was used for all the runs. 



1323 October 20-Iranian Conference on Geotechnical Engineering, 22 stThe 1 

University of Mohaghegh Ardabili, Ardabil, Iran 

   

                             

 

 3 

 

Fig. 1. Schematic view of test setup [8] 

 

 

3.1 MODEL DEFINITION 

The infill soil was simulated with 3D eight-noded brick (C3D8) elements. The soil model was Duncan-

Chang hyperbolic model which is described previously. The Geocell wall was simulated with conventional 

general purpose shell (S4) elements. The shell elements were given the thickness and the modulus of the 

Geocell material. For the sake of avoiding the numerical instabilities, a modified geometry of geocell was 

used (see Fig. 2). 

 

  

 

Figure 2. The modified geometry for geocell used in numerical model 

 

 

Vertical movements were fixed at the bottom of the model, and horizontal movement was fixed at the 

four side boundaries (see Fig.3). A circular rigid plate was modeled on top of the infill soil in order to apply a 

uniform load. Rough boundary was assumed between the steel plate and the sand. 
3.2 UMAT 
An important module in a Finite element code is that relating to material behavior; in other words, the 

constitutive stress response of the material given prescribed conditions of deformation. Several commercial 

finite element software packages provide the facility for users to specify their own material models. In 

ABAQUS, the user is required to provide a FORTRAN subroutine called a ‘UMAT’ in which a range of 

information is passed into the material module relating to both the beginning and end of a time increment. 

In particular, stress, strain, and deformation gradient are provided at the beginning of the time 

increment. In an incremental procedure the change in loading is analyzed in a series of steps, or increments. 

Because the modulus values depend on the stresses and the stresses in turn depend on the modulus values, it 

is necessary to make repeated analyses in every increment to insure that the modulus values and the stress 

conditions correspond for each element in the system. 

At the beginning of each new increment of loading an appropriate modulus value is selected for each 

element on the basis of the values of stress or strain in that element. Thus the nonlinear stress-strain 

relationship is approximated by a series of straight lines.  
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Figure 3. Numerical model for test 

 

 

The job of UMAT is to update the stresses and state variables to the end of the time increment and to 

provide the Jacobian [12]. The subroutine is called at every material integration point in each iteration. The 

flowchart of the programmed code for Duncan-Chang model is shown in Fig. 4. 

 

Start of increment

Input Data
Current stress state, state 

variables, etc. 

Calculate integration point field 

variable
“tangent Young’s and Bulk modulus”

Start of iteration 

Calculate Δε 

Calculate 

 , əΔ/əΔε 

Define Loads

Return
 

Figure 4. The flowchart of implementation a UMAT 
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3.3 LOADING 

In numerical analysis, the initial equilibrium state is of great importance. The specified initial stress 

distributions should match with the calculation based on the self-weight of the material. After the initial step, 

an applied loading was simulated by the application of a uniform vertical load on the top of the infill soil. 
3.4 CONTACT MODELING 

The ABAQUS interface modeling technique using a slip element, which is based on slave-master simulation, 

was used to simulate slippage at the Geocell–soil interface. Generally, ABAQUS uses the Coulomb frictional 

law, where frictional behavior is specified by a coefficient of friction   and a limiting displacement crit  or 

a limiting shear stress crit .  

3.5 VERIFICATION 

3.5.1  CALIBRATION OF MATERIAL PROPERTIES 

In order to calibrate the material properties of the infill soil, the triaxial compression tests were simulated at 

different confining stresses. The triaxial laboratory test data of Kansas River sand [10] are plotted in Fig. 6 

together with the calculated results by the numerical Duncan-Chang model. The calibrated parameters for the 

Duncan-Chang model are listed in Table1. 

 

Table 1. Duncan-Chang parameters for the Kansas River sand [10] 

Parameter Symbol Value 

Initial tangent modulus factor K 555 

Initial tangent modulus exponent n 0.37 

Strength ratio Rf 0.76 

Initial friction angle (o) 
0
 40.9 

Friction angle parameter (o)    0 

Cohesion kPa c 1 

Initial bulk modulus kPa Bi 3039 

Bulk modulus exponent 
u
 0.02 

unit weight kN/m3   18 

 

 
3.5.2 NUMERICAL RESULTS 

The load-displacement curves from the numerical model were compared with the test curves in Fig. 6. 
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Figure 5. Triaxial compression test data of Kansas River sand [10] in comparison with numerical 

results 

 

 

In general the numerical results matched well with the test data of the sand with and without geocell 

reinforcement. According to the test data, the failure of the sand is occurred approximately at the pressure of 
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120 and 160 kPa for the unreinforced and reinforced mattress respectively. As can be seen from Fig. 6, the 

load-displacement curve keeps its slope after failure of the soil. This is due to the hardening behavior of the 

soil model (see Fig. 5). 
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Figure 6. Load-Displacement curves, test data and numerical results 

 

 

 
(a) 

 
(b) 

Figure 7. Horizontal displacement contours 

 

 

Since the infill soil was subjected to additional confining stress provided by geocell, the displacement 

of the reinforced sand is much lower than the equivalent unreinforced sample. In addition as can be seen in 

Fig. 7 the horizontal movement of soil was restricted by the geocell wall. 



1323 October 20-Iranian Conference on Geotechnical Engineering, 22 stThe 1 

University of Mohaghegh Ardabili, Ardabil, Iran 

   

                             

 

 7 

 
(a) 

 
(b) 

Figure 8. Vertical displacement contours 

 

 

4. CONCLUSION 
A numerical three dimensional model was developed in this study in order to analyze the single-geocell 

reinforced soil. In this model the infill soil was modeled using a nonlinear elastic hyperbolic stress-strain 

relationship and the geocell was simulated using linearly elastic shell elements. The contact between soil and 

geocell follows the Columb friction law. After verifying the programmed code for soil model with a typical 

triaxial test, a plate load test was modeled to analyze the behavior of reinforced soil in comparison with the 

unreinforced sample. Comparing the numerical results with experimental data shows an overall similarity in 

their behavior. As a result the settlement of a mattress can be well controlled by using geocell-reinforcement. 
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