
Stability of Embankments 

on Soft Bangkok Clay 



Two types of analysis 

1.Total stress analysis – 

fu = 0 method 

2.Effective stress 

analysis --- use 

effective cohesion & 

effective friction angle 



SHEAR  STRENGTH OF SOILS  

Safe Conditions 

Unsafe conditions-- Failure 



Section -9 : Part 1(a) 

 Mohr-Coulomb Strength Envelops in  Effective 

stress  

      (i) for sand (chesionless soil—only    )         

(ii) clays (Cohesive soils-           )    

 

Mohr-Coulomb Strength Envelops in Total 

stress for only clays:  
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Coulomb was the first to express shear 

strength. Subsequently with the invent of 

effective stresses the equations below are 

applicable for sand and clays 

respectively; sand is cohesionless while 

clay possesses cohesion and friction 
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Total stress strength Parameters 

only for clays: cu , fu = 0  
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Total stress analysis: 

At failure 

Effective stress analysis: 

At failure 
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Total stress analysis: 

Limit equilibrium analysis 



This analysis, in terms of total 

stress, covers the case   of a 

fully saturated clay under 

undrained conditions.  

That  is for the condition 

immediately after construction.  



For this analysis, the undrained 

strength of the sub-soil  is taken 

as the in-situ strength prior to 

the construction activities and 

since the time is short there is no 

increase or decrease in strength  

due to the pore pressures 

developed during the 

construction stage.  



Only the moment equilibrium is 

considered in the analysis. 

 In a cross-section where the 

failure is shown, the potential  

failure curve is assumed to be a 

circular arc. A trial failure  

surface (with center O, radius r 

and length L) is shown in Fig. 1.  











Fig.6.2 The fu = 0 analysis 



Potential instability is due to 

the total weight of the soil  

mass (W per unit length) 

above the failure surface.  



. For equilibrium the shear 

strength, which must be 

mobilized along the failure 

surface, is expressed as 
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F is the factor of safety with 

respect to shear strength. 

Equating moments about O: 
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Design Criteria  

for Embankment Stability 

• Minimum FoS = 1.3  

   at construction stage (short term) 

• Minimum FoS = 1.5  

   at service stage (Long term) 

• Minimum FoS = 1.0 when reinforced 

embankment is analysed without reinforcement 



Soil Model 
Unit Weight  

(kN/m3) 

Phi  

(degree) 

Cohesion  

(kN/m2) 

Height/Depth  

(m) 

Embankment Fill Mohr-Columb 21 30 5 3 

Weathered Crust Undrained 18 0 30 1 

Soft Clay Undrained 17 0 5.5-12 4 

Sand Mohr-Columb 17 30 0 5 

Embankment Fill 
Crust 

Sand 

Soft Clay 

1:2 Slope 

FoS = 1.08 
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Embankment Fill 
Crust 

Sand 

Soft Clay 

Reinforcement 

150kPa Tensile 

Strength 

1:4 Slope 

FoS = 1.56 



Soil Model 
Unit Weight  

(kN/m3) 

Phi  

(degree) 

Cohesion  

(kN/m2) 

Height/Depth  

(m) 

Embankment Fill Mohr-Columb 21 30 5 3 

Loose Sand Mohr-Column 18 28 0 1 

Soft Clay Undrained 17 0 15 2 

Sand Mohr-Columb 17 30 0 7 
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Soil Model 
Unit Weight  

(kN/m3) 

Phi  

(degree) 

Cohesion  

(kN/m2) 

Height/Depth  

(m) 

Embankment Fill Mohr-Columb 21 30 5 5 

Loose Sand Mohr-Column 18 28 0 1 

Soft Clay Undrained 17 0 15 2 

Sand Mohr-Columb 17 30 0 7 

1.039
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FoS = 1.04 



Approach embankment 



Soil Model 
Unit Weight  

(kN/m3) 

Phi  

(degree) 

Cohesion  

(kN/m2) 

Height/Depth  

(m) 

Embankment Fill Mohr-Columb 21 30 5 8 

Loose Sand Mohr-Column 18 28 0 1 

Soft Clay Undrained 17 0 15 2 

Sand Mohr-Columb 17 30 0 7 

1.180
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Loose Sand 
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3.5(H)x6.5(W) Berm 

FoS = 1.18 



Soil Model 
Unit Weight  

(kN/m3) 

Phi  

(degree) 

Cohesion  

(kN/m2) 

Height/Depth  

(m) 

Embankment Fill Mohr-Columb 21 30 5 8 

Loose Sand Mohr-Column 18 28 0 1 

Soft Clay Undrained 17 0 15 2 

Sand Mohr-Columb 17 30 0 7 

1.382
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Embankment Fill 

Loose Sand 

Sand 

Soft Clay 

3.5(H)x6.5(W) Berm 

Reinforcement 

100kPa Tensile 

Strength 

FoS = 1.36 



FoS = 1.32 

FoS = 1.35 



Embankment Built to Failure 

on Soft Clay 

E.W.Brand 





Prof Lambe had a prediction

symposium of an

embankment

in Boston Blue clay at the

M.I.T. Campus

















































Effective stress analysis: 

Limit equilibrium analysis 



The method of slices  

 

In this method the potential failure 

surface, in section, is again assumed to  

be a circular arc with center O and 

radius r. The soil mass (ABCD) above 

 a trial failure surface (AC) is divided 

by vertical planes into a series of slices  

of width b, as shown in Fig. 6.5.  



Fig. 6.5 The method of slices 



The base of each slice is assumed to be a 

straight line. For any slice the 

inclination of the base to the horizontal 

is a and the height measured  on the 

center-line, is h. The analysis is based on 

the use of a lumped factor of safety (F), 

defined as the ratio of the available 

shear strength (f) to the shear strength 

(m), which must be mobilized to 

maintain a condition of limiting 

equilibrium. 



That is,  

m
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The factor of safety is taken to be the 

same for each slice, implying that 

there must be mutual support 

between slices that is forces must act 

between the slices. 



The forces per unit dimension normal to 

the section) acting on a slice are: 

The total unit weight of the slice,  

W = gbh ( gsat).  The total normal force on the 

base, N (equal to l). In general this force  

has two components, the effective normal 

force        (equal to       ) and the  boundary 

water force U (equal to, ul), where u is the 

pore water pressure at the center of the base 

and l is the length of the base.  

N  l 



The shear force on the base, T=  

 

The total normal force on the sides, E
1
 

and E2. 

 

The shear forces on the sides X1 and 

X2. 

 

Any external forces must also be 

included in the analysis. 

lm



The problem is statically 

indeterminate and in order to obtain a 

solution assumptions must be made 

regarding the inter-slice forces E and 

X: in general the resulting solution for 

factor of safety is not exact. 



Considering moments about O, the sum of 

the moments of the shear forces T on the 

failure arc AC must equal the moment of 

the weight of the soil mass ABCD.  

For any slice the lever arm of W is r sin a, 

and therefore 
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For an analysis in terms of effective stresses 
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La is the arc length AC 

Equation 6.3 is exact but 

approximations are introduced in 

determining the forces       .  
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The Fellenius (or Swedish ) 

solution 
In this solution for each slice it is 

assumed that the resultant of the 

 inter-slice forces is zero. The solution 

involves resolving the forces on each 

slice normal to the base, that is 

ulWN  acos



Hence the factor of safety in terms of 

effective stress (Equation 6.3) is given 

by    

a

af

sin

)cos(tan

W

ulWLc
F








The components Wcosa and Wsina can 

be determined graphically for each slice. 

Alternatively, the value of a cab be 

measured or calculated. Again, a series of 

trial failure surfaces must be chosen in 

order to obtain the minimum factor of 

safety. This solution underestimates the 

factor of safety: the error, compared with 

more accurate methods of analysis is  

usually within 5 to 20 percent. 



For an analysis in terms of total stress 

the parameters cu and fu are used and 

the value of u in equation 6.4 is zero. If 

fu = 0, the factor of safety is given by  

     

asinW

Lc
F u


 An exact value of 

F is obtained 



The Bishop Routine Solution 

 
In this solution it is assumed that the 

resultant forces on the sides of the 

slices are horizontal, that is 

021  XX



For equilibrium the shear force on 

the base of any slice is 

 

  

 

Resolving the forces in the vertical 

direction:   
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It is convenient to substitute 

 

   

From equation 6.3 after some re-

arrangements  
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PLAXIS analysis: 

Continuum approach   



FINITE ELEMENT METHOD  

IN STABILITY ANALYSIS 

Embankment sand  fill 4m 

Peat  3m 

Clay 3m 

Dense sand 

 Backfill Increment = 2m x 2 

 C - f Reduction Stability Analysis :  

(1) Immediate After First and Second Backfill 

(2) After Long-Term Consolidation 

 

8 m 12 m 20 m 



THE CONCEPT OF C ~ f REDUCTIONS  

SLOPE STABILITY ANALYSIS 
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 Material zones 

 Element types 

 Initial and boundary 

    conditions 

 Mesh generation 

    (coarseness) 

FINITE ELEMENT DICRETIZATION 

 Simulation :  

(phase 1) 1st stage construction 

(phase 5) C ~ f  reduction  

(phase 2) 200 days consolidation  

(phase 3) 2nd stage construction 

(phase 6) C ~ f  reduction 

(phase 4) consolidation to u=1kpa 

(phase 7) C ~ f  reduction 



MATERIAL PROPERTIES OF THE 

ROAD EMBANKMENT AND SUBSOIL 

Parameter Name Clay Peat Sand

(Embankment)

Unit

Material model Model MC MC MC -

Type of  behavior Type undrained unrained drained -

Dry soil weight gdry
15 8 16 kN/m3

Wet soil weight gwet
28 11 20 kN/m3

Horizontal

permeability
x

1x10-4 2x10-3 1.0 m/day

Vertical permeability y
1x10-4 1x10-3 1.0 m/day

Young’s modulus ref 1000 350 3000 kN/m2

Poisson’s ratio  0.33 0.35 0.3 -

Cohesion Cref 2.0 5.0 1.0 kN/m2

Friction angle  24 20 30 o

Dilatancy angle  0.0 0.0 0.0 o



Phase 1-- 1st stage construction 

maximum settlement v=1.61cm 

Phase 2 -- 200 days consolidation 

maximum settlement v=2.93cm 

Phase 3-- 2nd stage construction 

maximum settlement v=4.14cm 

Phase 4 -- consolidation to 

u=1kpa 

maximum settlement v=6.10cm  



Phase 1-- 1st stage construction 

maximum excess pore pressure 

u= 34.88 kPa  

Phase 2-- 200 days consolidation 

maximum excess pore pressure 

u= 8.9 kPa  



SAFETY FACTOR OF EMBANKMENT  

AND DISPLACEMENT AT TOE 

SF=1.42 after long term consolidation 

SF=1.17 immediate after first backfill 

SF=1.07 immediate after second backfill 

Displacement at embankment toe 
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POSSIBLE FAILURE MECHANISM 

Shear Concentration Zones with 

Maximum Total Displacement 

Increment in Final Stage 
























