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Abstract:  One of the important retaining structures used in civil engineering is retaining wall. It finds application in highway 

engineering, irrigation and bridge engineering. The objective of current research is to evaluate the strength and lateral earth 

pressure on cantilever retaining wall using techniques of Finite Element Method. The FEA analysis of cantilever retaining wall is 

conducted on retaining with shelves and without shelves using dolomite as backfill material. The FEA simulation on the structure 

is conducted using ANSYS simulation package. The FEA simulation enabled to determine the critical regions of high stresses and 

deformation for cantilever retaining wall. The vertical earth pressure is evaluated for the design. From the evaluation of vertical 

earth pressure significant difference in pressure distribution can be observed for retaining wall with shelves and without shelves. 

The retaining wall with shelves has shown reduction on earth pressure at the corner regions of shelves and at the base of retaining 

wall. 

 
 

IndexTerms – Retaining wall, FEA 
 

I. INTRODUCTION  

For thousands of years the lateral support is provided to terraced field on steep slope. This lateral support is provided using 

retaining wall. The purpose of retaining wall is to hold back soil for any elevated topography where elevation changes abruptly.  

 

Figure 1: Cantilever Retaining Wall Terminology 

The major function is to provide lateral backfill support. The material of steep slope tends to slide after threshold angle. There are 

basically 3 types of retaining wall i.e. hybrid, embedded and gravity type with each having its own set of benefits and limitations. 
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II. LITERATURE REVIEW 

 

Donkada et. al [1] have conducted research on of reinforced concrete retaining walls using numerical techniques. The se 

numerical techniques involve use of genetic algorithms and parametric studies. The optimum dimensions of wall for minimum 

cost is evaluated. Besides, the advantages of reliving platforms are also presented.  

 

Patil et. al [2] have presented extensive studies on retaining wall structure which can be used for highway engineering etc. The 

structure of vertical stem which is casted to the slab at the base. The retaining wall structure resists lateral earth pressure due to 

action of heel slab and toe slab. The FOS value preferred to prevent sliding is 1.5.  

 

Patil et. al [3], have found that a “retaining wall is a structure designed and constructed to resist the lateral pressure of soil when 

there is a desired change in ground elevation that exceeds the angle of repose of the soil. The most important consideration in 

proper design and installation of retaining walls is to recognize and counteract the tendency of the retained material to move down 

slope due to gravity. This creates lateral earth pressure behind the wall which depends on the angle of internal friction (ø) and the 

cohesive strength (c) of the retained material, as well as the direction and magnitude of movement the retaining structure 

undergoes. In many cases we have to come across the retaining wall of 7m, 8m, 9m height. The data presented here in following 

sections clearly indicates that changing spacing of counter-forts for retaining wall results in, reduction of spacing of counter forts 

will result in reduction in bending moments in heel slab and stem wall, reduction of spacing of counter forts will result in 

reduction in thickness of heel slab and stem wall. It is also observed that for 1m, 1.5m, 2m, 3m, 3.5m, 4m spacing of counter-forts 

the concrete and steel quantities per meter length of retaining wall is more than at 2.5m spacing. So optimum spacing of counter-

forts for 7m, 8m, 9m height retaining wall is observed to be 2.5m” [3].  

 

Tamadher Abood et. al [4] have conducted research on retaining wall structure using analytical and experimental techniques. The 

change of ground elevation exerts pressure on retaining wall which tends to push it. The retaining wall investigated was steel-

reinforced inverted T shaped. The FOS values against overturning and sliding are determined. Apart from these output the shear 

base resistance and tension stresses are evaluated using ACI codal provisions.  

 

Inder Kumar et al[5] have conducted research on counter fort retaining wall using experimental techniques. The cost evaluation is 

conducted on retaining wall on the basis of structure volume. The best economical design is finally presented on the basis of high 

FOS and low cost.  

 

III. OBJECTIVES 

The objective of current research is to evaluate the strength and lateral earth pressure on cantilever retaining wall using techniques 

of Finite Element Method. The FEA analysis of cantilever retaining wall is conducted on retaining with shelves and without 

shelves using dolomite as backfill material. The FEA simulation on the structure is conducted using ANSYS simulation package.  

 

IV. METHODOLOGY 

 

The methodology of FEA analysis of retaining wall involves 3 different stages. The CAD design of retaining wall is developed 

and imported in ANSYS design modeler as shown in figure 2.  

 

 
Figure 2: CAD design of retaining wall structure 
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Figure 3: Loads and boundary condition on retaining wall structure without shelves 

 

The retaining wall structure is applied with structural loads and boundary conditions. The boundary conditions include fixed 

support at the bottom and standard earth gravity as shown in figure 3 above.  

 

 
 

Figure 4: Loads and boundary condition on retaining wall structure with 

 

The loads and boundary conditions are applied on retaining wall with shelves as shown in figure 4 above. After defining loads 

and boundary conditions, the simulation is run. During the process, the stiffness matrices are formulated and interpolated for 

entire element edge length.  
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V. RESULTS AND DISCUSSION 

 

The FEA simulation is run to determine shear stress, deformation. The shear stress plot is generated for dolomite material as 

backfill.  

 

 
Figure 5: Shear stress on retaining wall with backfill 

 

The shear stress plot of retaining wall with dolomite shows higher stress at the corner regions and at the mid center region of the 

base. The maximum shear stress obtained is 1.5MPa as represented in red color and is lower on other regions as shown in green 

colored region.   

 
Figure 6: Total deformation on retaining wall with backfill 

 

The lateral and vertical deformation induced on retaining wall is evaluated and shown in figure 5 above. The deformation 

obtained is more than 140mm observed at the cantilever retaining wall structure as represented in red colored region.  

 

http://www.jetir.org/


© 2022 JETIR September 2022, Volume 9, Issue 9                                                    www.jetir.org (ISSN-2349-5162) 

 

JETIR2209195  Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b774 
 

 
Figure 7: Normal stress plot on retaining wall 

 

The normal stress plot is generated from the FEA analysis of retaining wall as shown in figure 6 above. The normal stress is 

observed to be maximum at the bottom base of retaining wall and is almost uniform on other regions as shown in dark yellow 

colored region. The normal stress obtained is more than .01954MPa 

 

VI. CONCLUSION 

The FEA simulation enabled to determine the critical regions of high stresses and deformation for cantilever retaining wall. The 

vertical earth pressure is evaluated for the design. From the evaluation of vertical earth pressure significant difference in pressure 

distribution can be observed for retaining wall with shelves and without shelves. The retaining wall with shelves has shown 

reduction on earth pressure at the corner regions of shelves and at the base of retaining wall.  
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