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the principle that the slope is stable if the magnitude of the shear strength  exceeds its shear stress 

. The shear strength, which is the maximum shear stress the slope could withstand without undergoing 

. The shear strength, which is the maximum shear stress the slope could withstand without undergoing 

failure, can be determined based on the Mohr-Coulomb criterion: 

         

                   
Here, and   are the effective angle of internal friction, effective cohesion, and the effective normal 

stress acting on the failure surface, respectively. Shear stress

. The shear strength, which is the maximum shear stress the slope could withstand without undergoing 

failure, can be determined based on the Mohr-Coulomb criterion: 
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Skempton (1952) presented a simple method to determine the factor of safety, 
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Here, and  represent the unit weight of soil and unit weight of water, respectively. Equation (3) can be  and  
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Even with these developments, the hydrological mechanisms causing failure in shallow slides are not yet 
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As indicated in equations (7) and (8), rainwater infiltration in unsaturated soil plays a vital role in 

       

This is explained as above (pressure head based). 
This is explained as above (pressure head based). 
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This form is volumetric water content based, also explained as above. 
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s  

can be expressed as  
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Figure 1: Typical soil water characteristic curve 

Figure 1:
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MATERIALS AND METHODS

Stability model
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 is the spatial node at time stage ‘t’,  is the spatial discretization, 
j t

mBy introducing an iteration level ‘

 hj = h
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The equation (14) can be rewritten as a tridiagonal system of linear equations  

 

j-1 j + j+1 =            

A B C E
 are the respective coefficients of the linearized form after rearrangement. By solving 

the system of linear equations for j The Picard iteration is set to continue until convergence is 

ained for predefined error ( ). 
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Stability analysis 
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Table 1:

Figure 2:

Figure 3:

        

 

Figure 4: Stability analysis for case 1 (I = 0.1 m/day) 

Figure 4:
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RESULTS AND DISCUSSION

Case A: k
s1 

< k
s2   

       

 

 

Figure 5: Stability analysis for case A (I = 1 m/day

coarse soil (m/day) 

Failure depth (m) 

I = 0.1 m/day I = 0.5 m/day I = 1 m/day

100 2.75 2.75 2.73 

50 2.75 2.74 2.46 

10 2.74 2.31 2.27 

2 2.31 2.28 2.15 

Figure 5:
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Case B: k
s1

 > k
s2 
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Table 3: and I 
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Table 4: and I 

 

 
 

Figure 6: Stability analysis for case B (I = 0.1 m/day) 

of coarse soil (m/day) 

Failure time (days) 

I =  0.1m/day I = 0.5 m/day I =  2m/day

Figure 6:



Analysis of shallow landslides in layered soil 413

Journal of the National Science Foundation of Sri Lanka 50(2) June 2022

Table 5: and I 
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failure.  

 

Figure 7: 

CONCLUSIONS
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