


Earth Pressures

Bearing 

Capacity



Slope Stability



Three categories of 
problems typically 
analyzed using a 
description of 
failure conditions; 
namely

1. Earth pressures

2. Bearing capacity

3. Slope stability



Assuming a 
circular slip 

surface

Limit Equilibrium 

Method of Slices



Free Body 
Diagram

Only Sm changes 
from a saturated 

soil analysis

How can the NORMAL stress at 
the base of each slice be 

obtained?

Method #1: Method of slices

Methos #2: Switch on gravity



Free Body Diagram

Only Sm changes 
from a saturated soil 

analysis

Sm is the SHEAR 
FORCE MOBILIZED 
at the base of a slice



Approach #1

Approach #2



Summation of Forces in the Vertical Direction



Rearranging and solving for the Normal Stress at 
the base of a slice

Similar for saturated and 
unsaturated soils except tan φ’

becomes tan φb for an 
unsaturated soil

F in N makes Fm
and Ff nonlinear

Notes:



Summation of Moments About a Common Point

.



Summation of 
Moments about a 

Common Axis

F in N makes Fm
nonlinear



Summation of Forces in the 
Horizontal Direction

F in N makes Ff
nonlinear



Designation of an Inter-slice Force Function

Form of an Extended 
Error Function



Forms for the original Inter-
slice Force function 

suggested by Morgenstern-
Price (1965)



Finite Element simulation 
resulting from switching on 

gravity (Fan et al, 1986)



Designation of an Inter-slice Force Function

Form of an Extended 
Error Function

Depth Factor



All variables for 
the Inter-slice 
Force function 

can be estimated 
from the slope 

angle



Force Equilibrium 
Factor of Safety

Moment 
Equilibrium Factor 

of Safety

Bishop’s Simplified 

Janbu’s Simplified 

Morgenstern-Price



A grid of pressures has become the most 
satisfactory way to input pore-water pressures with 

the utilization of new computer technologies

Utilize the interpolation functions from the Finite element 
method to obtain the pore-water pressure



Matric suction can be converted into additional 
cohesion in the soil



60% Increase 
in Fs



Analysis of a typical 
slope from Hong Kong



All methods of slices show a similar increase in the Fs

14% increase



Example #1 from Hong Kong showing the 
analysis for Fs in unsaturated residual soils

Down -
slope

Fung Fai Terrace



Fung Fai Terrace



Extensive shear strength testing shows high 
angles of internal friction



Suction measurements made 
through the “chunam” on two dates

Fung Fai Terrace



Fung Fai Terrace



12%

Fung Fai Terrace

24%



Example #2 from Hong Kong showing the 
analysis for Fs in unsaturated residual soils

Thorpe Manor





Note: high angles of internal 
friction for the decomposed 

rhyolite



Fluctuations of 
suction near 

ground surface

Fluctuations in the 
groundwater table



Decomposed granite

Example to illustrate 
the inter-action 

between a seepage 
analysis and a slope 

stability analysis



Measured saturated 
coefficients of permeabilities



Soil-Water Characteristic Curves can be 
combined with the Saturated 

Coefficients of Permeability to give the 
permeability functions



Permeability 
functions for 
Decomposed 
Granite and 
Colluvium



Soil parameters used in the parametric study





Initial steady state conditions

2080 mm/ year = 6.6 x 10 -8 m/s



Initial steady state conditions 
along Section X - X

230
40 kPa



Initial steady state conditions

After 8 hours

After 1 day



After 120 minutes

Flux = 1.3 x 10 -5 m/s



After 480 minutes
When the rain stops

Flux = 0.0



After 1080 minutes



Heavy rainfall creates
a wetting front



Rain stops

Regain of strength

Loss of strength

50% of φ’


	Summation of Moments About a Common Point

