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ABSTRACT 
 

It is very important to determine the seismic earth pressures to design a retaining wall. Because a small 
mistake in designing of retaining wall may cause a great loss. Since it is a public related civil engineering 
construction so should be safe even in very adverse situations. Reinforced soil retaining walls can tolerate high 
seismic loads and they are economical also. A finite difference programme, FLAC, is used to analyse the seismic 
behaviour of reinforced soil retaining wall models. Seven models of reinforced and unreinforced cantilever retaining 
walls are developed by using software FLAC. Length of reinforcement and number of layers are varied in difference 
reinforced wall models. In the analysis, behaviour of soil-wall interaction, soil-reinforcement interaction has also 
been considered. Seismic inputs are provided at the base of the foundation soil. Dry cohessionless soil is adopted as 
both the backfill and foundation materials. Seismic earth pressures and lateral displacement are observed from the 
numerical analysis. The comparison of these values with reinforced retaining wall and conventional unreinforced 
retaining wall are made. Various parametric studies have been performed on the models to understand the behaviour 
of soil wall system. The study shows that the number of geosynthetic reinforcement layers and its reinforcement 
length affect the residual pressure and residual lateral displacement of the wall under both the static and dynamic 
cases. 
 
INTRODUCTION 
 
Civil engineering constructions play a very important role in our life. Especially in the case of public concerned civil 
engineering constructions, it is very important to proper designing. Because in case of any failure of these structures 
may lead to great devastation. Soil retaining structure (ex. bridge abutment, anchored bulkhead, mechanically 
stabilized wall) is one of the public concerned structures. They are frequently used for various infrastructure projects 
like high way, bridges, port harbor transportation system, and at other civil engineering constructions. There are 
various types of retaining structures are in practice for different applications. Over the time, the classical gravity 
retaining walls transitioned into reinforced concrete cantilever walls, with or without buttresses and counter forts. 
These were then followed by a variety of crib and bin-type walls. All these walls are externally stabilized walls or 
conventional gravity retaining walls. Earthquake may cause negligible to severe deformation which may cause 
failure of these structures. For proper design of the structure we should also consider the seismic aspects.  
Geo-synthetics is the term used to describe a range of generally polymeric products used to solve civil engineering 
problems. The term is generally regarded to encompass seven main product categories: geotextile, geogrids, geonets, 
geomembranes, geosynthetic clay liners and geofoams. When geo- synthetic is used in back fill soil in the body of a 
soil retaining structure it is known as reinforced soil retaining structure. 
                                                                Use soil reinforcement or geo-synthetics in various constructions is proven 
to be effective and under practice from the last two three decades. Geo-synthetic reinforced soil retaining structures 
are functioned well during the past seismic events, compared to conventional retaining structures. The use of 
segmental retaining walls that include dry-stacked concrete block units as the fascia system together with 
inextensible steel reinforcement strips or extensible sheets of polymeric materials (geo-synthetics) that internally 
reinforce the retained soils and anchor the fascia has gained wide popularity. When geo-synthetic (like geo-grid, 
geo-textiles etc.) is used in soil retaining structures it is known as reinforced soil retaining structures.    
 
MODELLING 
 
A finite difference method is used to develop the reinforced soil retaining wall. The soil is Mohr model, retaining 
wall is modeled as elastic model and reinforcement is modeled as beam element. The software, Fast Lagrangian 
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Analysis of Continua (FLAC 6.0), is a two-dimensional finite difference program based on finite difference method 
is used this analysis. The soil is modelled using elasto-plastic Mohr-Coulomb constitutive model and the retaining 
wall is modelled as linear elastic material. The total mesh is designed as 8m x 8m grid. The whole medium is 
discredited into 80x80 of equal number of zones and the retaining wall was discretized into 3x70 of equal number of 
zones. Appropriate boundary conditions are applied at the boundaries for gravitational loading. At the bottom plane 
of the model all movements are restrained. The soil-reinforcement interaction is incorporated by the interface 
between the reinforcement and soil. Height of the wall is kept as 5.0 meter, having width 30cm and of unit length. 
Cohesion less soil is taken as the backfill material as well as foundation soil also. The reinforcement is made of 
strips of phosphorous material. There is one conventional retaining wall and six are reinforced soil retaining walls. 
Among these six reinforced soil retaining walls, two are of one layer, two are of two layers and remaining two are 
three layers of reinforcement.         
 

 
Table 1 Properties of Retaining wall 

Properties Values 
Young’s Modulus (E) 
Bulk Modulus (K) 
Shear Modulus (G) 
Density ( �) 
Poisson’s Ratio (�) 

25000MPa 
1.19x1010  MPa 
1.08 x 1010 MPa 
2500kg/m3 
0.15 

 
 

Table 2 Properties of backfill Soil and foundation soil 
Properties Value 
Young’s Modulus (E) 
Bulk Modulus (K) 
Shear Modulus (G) 
Density ( �) 
Poisson’s Ratio (�) 
Angle of Internal Friction (�) 
Dilatance angle (�) 
Cohesion (C) 

60MPa 
60MPa 
22.5MPa 
1700kg/m3  
0.33  
37° 

0° 
0 KN/m 

 
 

Table 3 Interface properties 
Properties  value 
Normal Stiffness (kn ) 
Shear Stiffness ( ks  ) 
Cohesion (C) 
Angle of Internal Friction (�) 

1x 108 MPa 
1x107 MPa 
0 KN/m 
350  

                                        
 

Table 4 Properties of reinforcement 
Properties   Value  
Area 
Moment of inertia 
Young’s Modulus (E) 
Density(�) 

2 m2  and 4 m2 

0 m4  
1.2x1011 MPa 
88Kg/m3 

  
 
Dynamic analysis of the Retaining wall models 
           The performance of the numerical models mainly depends on the size of zones, parameters of the model, the 
boundary conditions and the duration of time step. Thus the minimization of error has to be done by choosing 
approximate size of zones, parameters of models, time step, and boundary conditions. For this reason it is important 
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to validate the model response with the existing field or numerical results. The validated model can be further used 
for thorough parametric analyses which may lead to effective design guidelines for reinforced soil retaining wall. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are two different length of reinforcement used via 2m and 4m. The typical model walls are shown in Fig 1(a) 
 
Validation for static analysis  
             A two dimensional finite difference numerical model was developed using the FLAC to predict behaviour of 
reinforced soil retaining structures. All the properties of soil and retaining wall are given in the Tables 1 and 2 
respectively. The soil profile is homogeneous throughout retaining wall and the water table is assumed to be at a 
great depth so there is no effect of ground water on the model response. For static validation of the model, earth 
pressure on the wall is calculated by using classic Rakine’s theory and it is compared with the pressures observed 
from the numerical analysis.The comparision is shown in the Fig 1. The figure shows a reseasonable agreement 
between the two results confirming the validation of the model under static condition.  
 
Validation for dynamic analysis  
              After attaining the static equilibrium state dynamic loading was applied to the numerical model in the form 
of boundary conditions. Dynamic loading inputs are applied in the sinusoidal form. Frequency of the wave is taken 
as 3 Hz. Amplitude of the sinusoidal wave is 0.2g. 
                                                                                   This wave is acting on the model for the time interval of 2.0 
second. Damping is taken as 5%. Dynamic input is applied at the base of the foundation soil in the form of velocity 
in x-direction. To confirm the proper application of dynamic loading in the numerical model, x-acceleration and x-
displacement histories were obtained from the numerical analysis at the velocity input points and compared with 
analytical values. 

  

  

2m 
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Fig 1(a) Model retaining walls 
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The equations of the wave used for the analysis are 
 
x-displacement =X�sin(2*pi*freq*dytime)                                                                                                                  (1)          
x-velocity = V�cos(2*pi*freq*dytime), where V�=X�(2*pi*freq)                                                                               (2) 
x-acceleration = -a�sin(2*pi*freq*dytime), Where a�=X�(2*pi*freq)*(2*pi*freq)  = 0.2g (taken)                            (3)    
                                                                          
The results are compared with the calculated values Fig 1 and 2. Thus it can be said  that the model took the input, 
which it is provided.It is said that model is validated with analytical result. Now the model has been validated with 
both the conditions static and dynamic. Now it can be used for further analysis.  
 
 STATIC AND DYNAMIC ANALYSIS 
  
The dynamic analysis is carried out for the model. The dynamic input wave is given in the model of the wave of 
eqn(2). 
 
One layer of reinforcement in the retaining wall 
            Variation of static and dynamic earth pressures walls are shown in Fig 3. The dynamic earth pressures are 
more than static earth pressures. The dynamic and static earth pressures on the reinforced soil wall having 
reinforcement length 2m is less than that of conventional retaining wall, but in case of reinforced soil retaining wall 
of 4 m length reinforcement both type of  pressures are  more lesser than conventional retaining wall. The lateral 
displacement on conventional retaining wall and and reinforced soil retaining wall having one layer of reinfocement 
are compared in Fig 4. Lateral displacementt is much more in dynamic excitation, but after providing 4m length of 
reinforcement it will reduce much.The lateral displacement on the reinforced soil wall having reinforcement length 
2m is less than that of conventional retaining wall. 
 
Two layers of reinforcement 
             In the analysis conventional retaining wall and reinforced soil retaining wall having two layers of 
reinforcements are used. Length of both reinforcements layers are kept equal. Two length of reinforcement are taken 
into account, these of 2m and 4m length. The material properties of the reinforcement are kept same Variation of  
static and dynamic earth pressures walls are shown in Fig 5. The dynamic earth pressures are more than the static 
earth pressure. Pressures on conventional retaining wall and two layers of reinforced soil retaining wall are taken 
into account in the analysis. 
 

  

Figure 1.  Comparision of static pressure obtained from 
                 numerical analysis with that of theoretical 
                 calculations 

 

Figure 2. Comparision of input velocity taken by FLAC 
                with the analytically calculated velocity 
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The dynamic and static earth pressures on the reinforced soil wall having reinforcement length 2m is less than that 
of conventional retaining wall, but in case of reinforced soil retaining wall of 4 m length reinforcement both type of  
pressures are  more lesser than conventional retaining wall.The lateral displacement on conventional retaining wall. 
and and reinforced soil retaining wall having equal length of two layers of reinfocement are compared in Fig 6. 
Lateral displacementt is much more in dynamic excitation, but after providing 4m length of reinforcement its value 
will reduce but  more. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Fig 3. Static and dynamic earth pressures in different cases 
          of one layer of reinforcement in retaining wall and 
          convetional type retaining wall 
 

Fig 4. Lateral displacement of one layer of 
           reinforcement in retaining wall and convetional 
           type retaining wall 
 

  

Fig 5. Static and dynamic earth pressures distribution on  
          two layers of  reinforcement in retaining wall and 
          convetional   type retaining wall 
 

Fig 6. Lateral displacement on two layers of      
          reinforcement in retaining wall and 
          convetional type retaining wall 
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Three layers of reinforcement 
          In the analysis conventional retaining wall and reinforced soil retaining wall having three layers of 
reinforcements (of same length) are used. Length of each reinforcement layer is kept same. Two lengths of 
reinforcement are taken into account, these of 2m and 4m length. The material properties of the reinforcement are 
kept same. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The dynamic earth pressures are more than static earth pressure. Pressures on conventional retaining wall and three 
layers of reinforced soil retaining wall are compared  in the analysis.The dynamic and static earth pressures on the 
reinforced soil wall having reinforcement length 2m is less than that of conventional retaining wall, but in case of 
reinforced soil retaining wall of 4 m length reinforcement both type of  pressures are  more lesser than conventional 
retaining wall.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Fig 7. Static and dynamic earth pressure distribution on 
          three layer reinforced soil retaining walls 
 

Fig 8. Lateral displacement on three layer reinforced 
          soil retaining walls 
 

  

Fig 9. Lateral displacement for different numbers of layers of 
          reinforcement length 2 m 
 

Fig 10. Earth pressure for different numbers of 
            layers of reinforcement length 2 m 
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The lateral displacement on conventional retaining wall and and reinforced soil retaining wall having equal length of 
three layers of reinfocement are analised. Lateral displacementt is much more in dynamic case, but after providing 
4m length of reinforcement its value reduces much but  more than that of static case. Now parametric studies are 
carried out for reinforced soil retaining wall. There are three numbers of layers and length of the each reinforcement 
is 4m.the results are shown in fig 9. & 10. 
 
CONCLUSION 
 

A model has been developed based on finite difference programmers. Seismic analysis of the reinforced soil 
retaining wall has been done. Numerical simulations of the models are carried out using FLAC. Seismic earth 
pressures and lateral displacement of the reinforced soil retaining wall and unreinforced soil retaining wall are 
compared. In the analysis, behaviour of soil-wall interaction, soil-reinforcement interaction has also been 
considered. Seismic inputs are provided at the base of the foundation soil. Dry cohesion-less soil is adopted as both 
the backfill and foundation materials. Seismic earth pressures and lateral displacement are observed from the 
numerical analysis. The comparison of these values with reinforced retaining wall and conventional unreinforced 
retaining wall are made. The number of geosynthetic reinforcement layers and its reinforcement length affect the 
residual pressure and lateral displacement of the wall under both the static and dynamic cases. Reinforced soil 
retaining wall has lesser earth pressures than that of conventional retaining wall under similar condition. Earth 
pressures decreases with increase in number of layers keeping other parameters constant. Longer length of 
reinforcement gives lesser value of the earth pressures. The variations of lateral displacement of the wall in both the 
cases (static and dynamic condition) are linear. Reinforced soil retaining wall gives lower value of lateral 
displacement than that of conventional retaining wall. Longer reinforcement gives lower value of lateral 
displacement. Lateral displacement also decreases with increases in number of layers keeping other parameter 
constant. Similar behavior was noticed with increase in the number of reinforcement layers. 
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