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CHAPTER FOUR 
Retaining Walls: Analysis and Design 



Retaining Walls 

• Retaining walls are structures used to retain mainly earth but also other 

materials which would not be able to attain its natural slope.  

 

• Various types of retaining are widely used in civil engineering works ranging 

from their use in road and rail construction to support cuts and fills where 

space is limited to prevent the formation of appropriate side slopes, to the 

construction of marine structures such as docks, harbors, and jetties.  



Retaining Walls 



Various types of retaining walls are available based on the method of 

achieving stability. 
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Retaining Walls 

Gravity Retaining Walls 
• Resists the earth pressure exerted by backfill by its own self weight. 

• Stability of wall depends on their weight. 

• Usually built in stone masonry, and occasionally in plain concrete. 

• Proportioned so that no tension is developed anywhere. 

• Plain concrete gravity walls are not used for heights exceeding about 3m.  

•   

 



Retaining Walls 

Semi gravity Retaining Wall 
• Similar to gravity walls but a small amount of reinforcements are added to 

reduce the mass of concrete.  

• Resists external forces by the combined action of self weight, weight of soil 

above footing and the flexural resistance of the wall component. 

  



Retaining Walls 

Cantilever Retaining Wall 
• Reinforced concrete walls that utilize cantilever action to retain mass of 

earth or any material behind them.  

• It consists of vertical stem, and a base slab, made up of two distinct 

regions, a heel slab and a toe slab.  

• Economical up to a height of 8m.  

• Stability is provided by the weight of structure and earth on an inner base 

or the weight of the structure only when the base is constructed externally 

  



Retaining Walls 

Counterfort Retaining Wall 
• For large heights, in a cantilever 

retaining wall, the bending moments 

developed in the stem, heel slab and 

toe slab become very large and require 

large thickness.  

• The bending moment can be 

considerably reduced by  introducing 

transverse supports, called counter-

forts.  

• Stability is provided by the weight of the 

structure and earth on the base 



Retaining Walls 

Buttress Retaining Wall 

• Similar to counterfort retaining walls but the bracing is in front of the wall 

subjected to compressive force instead of tension.  

• Stability of provided by the weight of the structure.  

• s 

 



Retaining Walls 

Sheet Pile Wall 
• Sheet pile walls are thin retaining walls constructed retain earth, water, or any 

other filling materials.  

• Stability is achieved by passive earth pressure resistance. 

 



Retaining Walls 

• The design of retaining walls to EBCS 7 involves checking that the 

ground beneath the wall has sufficient: 



Retaining Wall Analysis and Design 

1. Initial sizing/proportioning of the 

wall 

 

2. Stability Failure Analysis and 

Design. 

 

3. Ground Failure Analysis and 

Design. 

 

4. Bending Failure and detailing.  
 



Proportioning of Retaining Walls 



Proportioning of Retaining Walls 



Proportioning of Retaining Walls 



Stability Failure Analysis and Design. 

• Design against overturning  

1. Gravity Wall 

• Resisting ≤ Acting 

• Resisting: self weight, Gk 

• Acting: Active earth pressure, Hk,  

             Surcharge, Sk 

• γuf Hk .y ≤ γf Gk .x  

 

 

 

2. Cantilever Wall 

• Resisting ≤ Acting 

• Resisting: Self weight of wall, weight of soil on the base 

• Acting: Active earth pressure, surcharge 

 

 



Stability Failure Analysis and Design. 

• Design against overturning 

2. Cantilever Wall 

• Cohesion less Soil, c=0 

 

 

 

 

• Cohesive soil, ϕ=0 

 



Stability Failure Analysis and Design. 

• Design against sliding 

1. Gravity Walls 

• Resisting: Friction and Adhesion, passive pressure 

• Acting: active pressure and surcharge 

2. Cantilever Wall  

• Cohesion less soil 

• Resisting: Friction, R = μ.ƩW, μ = tanϕ, passive pressure,P2 

 

 

 

 

• Cohesive soil 

• Resisting: Adhesion, R = β.b, β = 0.5 to 0.7C, passive pressure, P2 

 

 

  

γfP1 < P2 +R 



Ground Failure Analysis and Design. 

• Design against bearing failure 

 









Bending Failure and Detailing 

• Structural design 
• For the wall and base. 

• Based on this re-bars are 

provided based on the flexure 

formula and max. moment on 

each component.  

• Not necessary for gravity 

walls.  

 



Example 



 






















































