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Abstract— This paper presents a comparison of the various 

methods of analysis of retaining wallsunder seismic loads, 

which is considered to be very complex.As the soil-structure 

interaction during the earthquake is very complex,  the most 

commonly used methods for the seismic design of retaining 

walls are the Pseudo static method, Seed and Whitman 

method and Mononobe and Okabe method. The retaining 

wall analysis includes determining the factor of safety for 

overturning, and sliding as well as the resultant location of 

the forces, which must be within the middle- third of the 

footing,. A concrete retaining wall is considered with a 

certain height and base width, and then analyzed for the 

static case as well as the earthquake loading condition. 

Based on this study, it is found that factor of safety obtained 

by Seed & Whitman method (1970) is lowest as compared 

to others methods.  
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I. INTRODUCTION 

A retaining wall is a structure whose primary function  is to 

provide lateral support to soil or rock. Retaining walls are 

used to prevent the retained material from assuming its 

natural slope. It has been found that, the retaining wall may 

also support vertical loads in some specific cases. Retaining 

walls may be classified according to how they produce 

stability. The types of retaining walls are Gravity walls, 

Cantilevered walls, counter fort walls, and crib walls. The 

analysis of retaining walls includes calculation of Lateral 

earth pressures. Basically three types of soil pressures act on 

a retaining walls,(1) Bearing pressure, It is exerted on the 

bottom of the wall footing; (2) Active earth pressure, it is 

exerted on the backside of wall; (3) Passive earth pressure, it 

acts on the front side of wall footing. Seismic pressure is an 

additional horizontal pressure which acts on a retaining 

walls whose determination involves the role of seismic 

coefficient khE. It is a common practice to recommend that 

ultimate bearing pressure and allowable passive pressure is 

to be increased by a factor of one-third for seismic analysis 

II. LITERATURE REVIEW 

The most commonly used method of analysis of retaining 

walls under static as well as seismic loading conditions is 

summarized below: 

A. Without earthquake loading (Coulomb-1776) 

Coulombs (1776) was the first to study the problem of 

lateral earth pressures. Another theory was proposed by 

Rankine in 1857 for computing earth pressures. This static 

method of stability analysis includes determination of active 

earth pressure, passive earth pressure, sliding analyses and 

overturning analysis by methods proposed by Coulomb. 

1) Active earth pressure 

Active earth pressure occurs when the wall tilts away from 

the soil,It can be found    by the following relation: 

            (PA)   =   
 

 
kAγtH

2
 

PA = Active earth pressure resultant force 

kA= active earth pressure coefficient, 

γt=total unit weight of the granular backfill, 

H=height over which the active earth pressure acts, 

kA   = tan
2
( 45

0
 - 
 

 
ϕ) 

ϕ = Friction angle of granular backfill 

2) Passive earth pressure 

Passiveearth pressure occurs when the wall is pushed into 

the soil,It can be found       using 

following relation  

( Pp)  =      
 

 
kpγtD

2
 

PA = passive earth pressure resultant force   

Kp=  passive earth pressure coefficient,    

γt= total unit weight of soil located in front of the wall 

footing     

D =Depth of wall footing 

Kp   = tan
2
( 45

0
 + 

 

 
ϕ) 

3) Sliding 

 The factor of safety for sliding can be expressed as the 

resisting force divided by the driving force. 

F.S = 
          

  
 

N = Sum of the weight of the wall, footing and vertical 

component of the active earth pressure resultant force 

Pp = allowable passive resultant force divided by the 

reduction factor   

PH = Horizontal component of the active earth pressure 

resultant force 

For static conditions the typical recommendation 

for minimum factor of safety for sliding are 1.5 to 2. 

4) Overturning 

The factor of safety for overturning of the retaining wall can 

be calculated by taking moments about the toe of the footing 

and is: 

F.S =  Wa/(
 

 
PHH --Pve )    

a=lateral distance from the resultant weight W of the wall 

and footing to the toe of the footing   

PH = horizontal component of the active earth pressure 

resultant force 
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Pv = active earth pressure resultant force (vertical 

component)     

e =   lateral distance from the location of PVto the toe of the 

wall 

 

For static conditions, typical recommendation for minimum 

factor of safety for overturning is 1.5 to 2. 

B. With earthquake loading 

In the seismic analysis of retaining wall the active , passive 

earth pressures, factor of safety for overturning and sliding 

are calculated using methods illustrated below  

1) Pseudo Static Method: Terzaghi (1950) 

The first explicit application of the pseudostatic approach 

has been attributed to Terzaghi. Pseudo static method is the 

most commonly used method for the analysis of retaining 

wall under earthquake conditions. This method ignores the 

cyclic nature of the earthquake and treats it as additional 

static force acting laterally upon the retaining wall, and it is 

easy to understand and apply. For the determination of the 

lateral force, it is assumed that it acts through the centroid of 

the active wedge.  

PE  =  ma =
  

 
  =

     

 
 =  khEW   …..(1) 

the only unknowns in the pseudo static method are 

the weight of the active wedge W and the seismic coefficient 

kh. Because of the usual relatively small size of the active 

wedge, we have assumed the seismic coefficient kh to be 

equal to amax/g .Weight of the active wedge can be 

calculated by:  

W =
 

 
HLγt  =

 

 
H [ H tan(45

0
 -
 

 
 ] γt = 

 

 
  

 
 H

2
γt …..(2) 

 By substituting the value of  „W‟ in the previous 

equation we get : 

PE=khW = 
 

 
kh     

 
 H

2
γt = 

  

  
  

 
 (
    

 
) ( H

2
γt )  …..(3) 

PE   = horizontal pseudo static force acting upon the retaining 

wall. This force can be assumed to act through the centroid 

of the active wedge.  

m     =      Total mass of the active Wedge 

W    =      Total weight of the active wedge 

a   =   Acceleration, maximum horizontal acceleration at 

caused by earthquake 

amax    =      commonly referred to peak ground acceleration 

amax/g = Seismic coefficient or Pseudo static coefficient  

H      = Height of Retaining wall 

L       = Length of active wedge at top of retaining wall,  

L       = H tan( 45
0
- 
 

 
)H  

 
  

γt      = Total unit weight of the backfill soil (unit weight of 

soil comprising active wedge) 

Factor of safety for sliding: 
         

     
 

Factor of safety for overturning: 
    

 

 
        

 

 
    

 

2) Seed and Whitman Method (1970): 

Seed and Whitman in 1970 derived an equation which can 

be used to find the lateral pseudo static force acting on the 

retaining wall: 

PE  =
 

 

    

 
H

2
γt    ……(4) 

Comparing equations (3) and (4) , we can see that two 

equations are similar for the case where 
 

 
  

 

  = 
 

 
 

According to Seed and Whitman the location of the 

Pseudo static can be assumed to  be acting at a distance of 

0.6H above the base of the wall 

Factor of safety for sliding: 
         

     
 =  

Factor of safety for overturning:  
    

 

 
               

   

3)  Mononobe and Okabe Method (1926,1929) 

Mononobe (1929) and Okabe (1926)developed an modified 

relation which can beused to calculatelateral pseudo static 

force acting on the retaining wall. This method is often 

referred to as the Mononobe-Okabe method. 

PAE  =  PA  + PE  = 
 

 
KAEH

2
γt 

PAE=  the sum of the static (PA) and the pseudo static 

earthquake force (PE).  

ψ = tan
-1

khE = tan
-1    

 
 

The original approach was to assume that the force PAEacts 

at a distance of H/3 above the base of the wall. 

Factor of safety for sliding: 
         

  
= (         )       

        
 

Factor of safety for overturning: 
    

 

 
                    

 

III. ANALYSIS OF A TYPICAL RETAINING WALL FOR 

STATIC AND SEISMIC CONDITIONS 

We have considered a  retaining wall shown in Fig. whose 

height is 4m and  thickness of the reinforced concrete wall 

stem  is0.4 m, the reinforced concrete wall footing is 3 m 

wide by 0.5 m thick,  the unit weight of concrete =23.5 

kN/m
3
. The wall backfill will consist of sand having ϕ =32° 

and γt=20 kN/m
3
. We have also assumed that there is sand in 

front of the footing with thesesame soil properties. The 

friction angle between the bottom of the footing and the 

bearingsoil is δ=38°. We will find factor of safetyfor sliding, 

and factor of safety for overturning for static conditions and 

earthquake conditions by   different methods and a 

comparison between them is shown. We haveassumed the 

wall to be present in the earthquake critical zone(IV) of 

north east where KhE =0.36 . Factor of safety was 

determined by considering static as well as seismic loading. 
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Fig. 1: Sketch of Typical Retaining Wall 

1) (Calculations-Static analysis 

 

kA   =  tan
2
( 45

0
 - 
 

 
) = 0.307  and  kP   = tan

2
( 45

0
 

+ 
 

 
) =3.25 

(PA)   =   
 

 
kAγtH

2
= (0.5) (0.307) (20) (4

2
) = 49.2 kN/m 

(PP)   =   
 

 
kPγtD

2
= (0.5) (3.25) (20) (0.5

2
) = 8.14 kN/m 

By applying reduction factor = 2,            

PP = 4.07kN/m 

Footing Weight = (3) (0.5) (23.5) =   35.3 kN/m 

Stem     Weight = (0.4) (3.5) (23.5) = 32.9 kN/m 

N = Weight of concrete wall = 35.3 + 32.9 = 68.2 kN/m 

By taking moments about the toe of the wall to determine 

location of N 

Nx = -PA (4/3) +W (moment arms) ….This gives x= 1.165m 

Factor of safety for sliding: F.S = 
          

  
 = (68.2 

tan 38
0
 + 4.07) /49.2 = 1.17 

Factor of safety for overturning: 

F.S =  Wa/(
 

 
PHH) = 

(    )(   )  (    )(   )
 (    )( )

 

  = 2.2 

2) Pseudo Static Method 

PE = 
  

  
  

 
 (
    

 
) ( H

2
γt ) = 31.91 kN/m  

Now, PE is at a distance of 
 

 
H above the base of the wall = 

2.67 m 

Now the resultant value of N and distance of N from the toe 

of the footing are found to be 

x = 0.48 m, hence „N” not in the middle 3
rd

 of the 

foundation 

Factor of safety for sliding: = 0.811 

Factor of safety for overturning: = 1.14 

3)  Seed and Whitman Method: 

PE  =  43.2 kN/m 

Factor of safety for sliding: 
         

     
 =  0.7 

Factor of safety for overturning: 
    

 

 
               

 = 1.0 

4) Mononobe and Okabe Method: 

 

KAE = 0.739   

PAE  =  118.24 kN/m   

ψ = 19.8 

Factor of safety for sliding         =       1.06 

Factor of safety for overturning =        1.31 

The values of factor of safetyfrom the static and seismic 

analysis using KhE = 0.36 are summarized below. 

Type of  loading 

condition 

PE  or  

PAE 
Locatio

n of PE  

Facto

r of 

Factor of 

safety for 

 

kN/m 

or PAE 

above 

base of 

wall(m) 

safety 

for 

slidin

g 

overturnin

g 

Static Loading PE = 0 -- 1.17 2.2 

 

 

Seismi

c 

Loadin

g 

(KhE = 

0.36) 

Pseudostati

c 

PE   =    

31.91 

2H/3 

=2.66 
0.81 1.14 

Seed and 

whitman 

PE   =    

43.2 

0.6H = 

2.4 
0.7 1.0 

Mononobe 

--okabe 

PAE =   

118.2

4 

H/3 

=1.33 
1.06 1.31 

Table. 1: Factor of safety for sliding and overturning 

For the analysis of sliding and overturning of the 

retaining wall, it is common to accept a lower factor of 

safety (1.1 to 2.2) under the combined static and earthquake 

loads. It is evident from Table 1 that Seed & Whitman 

method (1970) gives lower value of factor of safety as 

compared to other methods considered in this study. Thus, it 

is recommended method for the design of retaining walls in 

earthquake prone region 

IV. CONCLUSION  

 It has been observed that for the seismic analysis of 

retaining wall with different methods we obtain different 

results for the sliding and overturning. In the Table 1, It is 

evident that the factor of safety in overturning is equal to 0.7 

based on the Seed and Whitman method. This factor of 

safety obtained is lowest as compared to one obtained using 

other methods considered in this study. It is also found that 

the factor of safety under seismic loading is more critical 

than in case of static aseismic loading. Thus, it is highly 

desirable to design the retaining walls in earthquake prone 

regions by Seed and Whitman method. 
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