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ABSTRACT: 

 

A Cantilever retaining wall is one of the most important types of retaining structures. It is extensively used 

in variety of situations such as highway engineering, railway engineering, bridge engineering and irrigation 

engineering. Reinforced concrete retaining walls have a vertical or inclined stem cast with base slab. For 

greater heights earth pressure due to retained fill will be higher due to lever arm effect, higher moments are 

produced at base, which leads to higher section for stability design as well as structural design. This studies 

the stability and performance for seismic response and evaluation of cantilever retaining wall with the help 

of a finite element method, STAAD.pro. While the following provisions of the Indian Standard Code, IS 

456:2000 and IS 1893: 1984/2002 for the sections. 
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1. INTRODUCTION: 

 

A cantilever retaining wall is one of the most important types of soil retaining structures. The primary 

purpose of retaining wall is to retain earth or other material at or near vertical position. It is extensively used 

in variety of situations such as highway engineering, railway engineering, bridge engineering, dock and 

harbor engineering, irrigation engineering, land reclamation and coastal engineering etc. Reinforced 

concrete retaining walls have a vertical or inclined stem cast monolithic with a base slab. These are 

considered suitable up to a height of 5 to 7m. It resists the lateral earth pressure by cantilever action of the 

stem, toe slab and heel slab. 

 

A continuous investigation and study is going on the various types of retaining walls for achieving optimum 

economy, developing speedy and easy construction processes, reducing section of wall components and 

ultimately to get the wall of maximum strength and durability. This is possible only by reducing the earth 

pressure behind the wall. Various techniques have been developed for reducing the earth pressure behind 

wall. 

 

The cantilever retaining wall bends as well as translates and rotates. They rely on the flexural strength to 

resist lateral earth pressures. The actual distribution of lateral earth pressure on a cantilever wall is 

influenced by the relative stiffness and deformation both the wall and the soil.  

 

2. METHODOLOGY: 

 

To perform the study of the topic of Seismic Response Evaluation of cantilever retaining wall. It considered 

two models 6m of cantilever retaining wall with identical property and geometry having M20 grade of 

concrete and load is applied for static and dynamic. It considered two models of cantilever  retaining wall 

with different zone one cantilever  retaining wall is located in seismic  zone IV and another retaining wall is 

located in seismic zone V and analyzed their  base pressure, displacement, reinforcement, cost of steel, earth 

pressure and stress  etc. Using STAAD.pro Static and Dynamic analysis has been performed considering 

dead load, live load and seismic load.   
. 

The dynamic and active earth pressure coefficients for the cohesion-less backfill computed from the Mono-

Nobe-Okabe method and Rankine’s theory analysis are in reasonably good with values developed in 

(model) structures. A cross section of cantilever retaining wall is analyzed by using limit state method for 

I.S. code (1893- 1984/2002 and 456 - 2000) and calculated the stresses, reinforcement, base pressure etc.  
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A 2D finite element modeling of the cantilever retaining wall analyzed and design in STAAD-pro and the 

Results obtained are compared with those obtained in between manual and fem for cantilever retaining wall 

zone IV and zone V.  

 

3. STRUCTURE MODELING: 

 

A design example is given here to understand the procedure used in the analysis of retaining wall in this 

study. Analysis and design has been carried out by considering the stated properties of cohesion less backfill 

and also height of backfill to be retained for cantilever retaining wall. The t dimensions for cantilever 

retaining wall are adopted based on prevailing thumb-rules. The detail calculations for cantilever retaining 

wall are given and the calculated results have been presented. At the end the calculated results for different 

cases are presented in the tabular form. 

 

For analysis, we have considered two models of cantilever retaining wall with varying 
zone locations in which both have identical geometry and property.  
 

Table 1.Geometric and geotechnical characteristics of reinforced retaining wall 
 

Type of wall Cantilever retaining wall  

Width of the wall                                                                        1m 

Model 1 retaining wall is located in seismic                               zone V (Z = 0.36) 

Model 2 retaining wall is located in seismic                               zone IV (Z = 0.24) 
Soil bearing capacity 200  
Height of retaining wall             6m 
Base Width of wall 4.5m 
Stem thickness at top 0.25m 
 

2 

Base thickness of wall 0.5m 

Soil type Hard-soil 

Clear cover 40mm 

Angle of internal soil friction  
Concrete grade M20 
Steel grade Fe415 

Angle of Wall friction 
 

Angle of back face of wall with vertical 
 

Reinforced concrete 25  
Unit weight of backfill soil 18  
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      Fig.1 Node to node distance                                  Fig.2 3D structure rendered view 

                           
   

          Fig. 3 Seismic Load and definition                                      Fig.4 
Seismic in X- direction   
 

                            
             

  Fig.5 Seismic in Z- direction               Fig.6 Load acted on different orientation 
4. RESULT AND DISCUSSION: 

 

4.1 Seismic Coefficient for Zone IV and Zone V: 
 
This table is an estimate of Horizontal, vertical, active, dynamic and passive coefficient has been tabulated 

which is as following: 

Table 2 Seismic Coefficients  
 

Seismic coefficient Zone V Zone IV 
Horizontal seismic coefficient 0.15  0.10 
Vertical seismic coefficient 0.1 0.06 
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Active pressure coefficient 0.33 0.33 
Dynamic pressure coefficient 0.43 0.35 
Passive earth pressure 
coefficient 

3 3 

 

4.2 Static and Dynamic Lateral Earth Pressure for Zone IV and Zone V: 
This parameter is an estimate of the maximum expected lateral force that will occur due 
to seismic ground motion at the base of a structure. 
The forces acting at different heights of two models have been tabulated which is as 
following: 

Table.3 Static and Dynamic Lateral Earth Pressure Difference 
 

Cantilever retaining wall in 
zone V 

 Cantilever retaining wall in 
zone IV 

 

Active earth pressure at height 
(H/2) 

32.67 Active earth pressure (H/2) 32.67 

Dynamic pressure at height 
(H/3) 

42.57 Dynamic pressure (H/3) 34.65 

Dynamic  pressure increment 9.9 Dynamic  pressure increment 1.98 

Maximum base pressure 152.01 Maximum base pressure 131.32 

Minimum base pressure 27.88 Minimum base pressure 48.57 
 

4.3 Maximum Deflection: 

 

Maximum nodes deflection of two structures has been analyzed by transferring the structure to post 

processing in STAAD-pro and the respective deflection have been represented in tabular form which is as 

following:   

 
 

Fig. 7 Nodal displacement  
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4.3.1 Graphical Representation  

 
A line graph has been plotted to represent the maximum nodal displacement in all two 
cases with displacement in mm verses number of nodes of the structure.  

 
Fig. 8 Deflection of models  

4.4   Cantilever Retaining Wall Stress: 

 

The following figures shows the plate stress contour for load combination dead load , live load and seismic 

load of zone V and zone IV for maximum absolute stress which can be seen by transferring the project to 

post processing . The value of maximum absolute stress in plates varies from 1.18534  to 3.4316 

 in zone V. The value of maximum absolute stress in plates varies from 0.844222  to 

2.75351  in zone IV 

 

Minimum Stress difference for zone V and IV =   1.18534 – 0.844222 = 0.34 N/mm2 
Maximum Stress difference for zone V and IV = 3.4316 – 2.75351 = 0.67 N/mm2 

 
Fig. 9 Stress graph for zone iv and v 

4.5 Reinforcement Detail for Cantilever Retaining Wall: 
 
% Difference of steel for zone IV and V of manually   =     
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 % Difference of steel for zone IV and V of Staad.pro    
 
Steel in zone V for manually                 =   59.86 Kg/m 

 

Steel in zone V for Staad.pro                 =   50.59 Kg/m 

 

Steel in zone IV for manually                =   54.92 Kg/m 

 

Steel in zone IV for Staad.pro               =   45.65 Kg/m 

 
Cost of steel for zone V manually         =   2394.4 Rs/m 

 
Cost of steel for zone V Staad.pro        =   2023.6 Rs/m 
 
Cost of steel for zone IV manually        =   2196.8 Rs/m 
 
Cost of steel for zone IV Staad.pro       =   1826 Rs/m 
 

4.5.1 Graphical representation: 
 This graph is represented reinforcement of two models of cantilever retaining wall have 
been plotted below:  

 
Fig. 10 Reinforcement graph for zone v and iv 

4.5.2 Graphical representation: 
This graph is represented cost of reinforcement of two models of cantilever retaining wall 
have been plotted below:  
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Fig. 11 Cost comparison for zone v and iv 
5. CONCLUSION: 

 

The Conclusion for the work that we have carried out in this project are as following: 

 

1. The structures having symmetric cantilever retaining walls are subjected to less displacement. In 

zone IV as compared to zone V. The maximum displacement in zone IV is 14.675mm and 

displacement in zone V is 18.14mm.  

 

2. Stress on cantilever retaining wall zone IV is less as compared to zone V. Line graph have been 

plotted to comparison of cantilever retaining wall. 

 

3. The vertical stresses at wall base increased on the toe side and consequently reduced towards the 

heel side due to tilting of wall base caused by lateral seismic loads on wall stem. 

 

4. The residual wall top displacement was large for seismic loads in X- direction. 

 

5. The variation of this stress followed the residual wall top displacement profile. For very high seismic 

loads, the wall top displacement and the stresses developed in the wall stem-base joint were seismic 

loads. 

 

6. Difference in value of dynamic coefficient (by Mono- Nobe – Okabe method) at zone IV is 0.35 and 

zone V is 0.43. The value of dynamic coefficient is based on seismic zone. 

 

7. The structure having symmetrical cantilever retaining walls are subjected to less Reinforcement in 

zone IV as compared to zone V manually and STAAD.pro.  

 

8. The structure having symmetrical cantilever retaining walls are subjected to Cost of cantilever 

retaining wall of zone IV is less as compared to Zone V manually and STAAD.pro. 

 

9. Plate stress contour is shown in figure 25 and 26. This contour diagram is showing that the Top 

(stem) plate element are most stressed and the bottom (toe and heel) elements are least stressed. 
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