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(Determinate Problems)

FOR ANALYSIS AND DESIGN SLOPE FAILURE ARE DIVIDED INTO:

`
I Planar Failures

Small Depth, Long Failure Surface
Simple Wedge

I. Planar Failures
I- Infinite Slopes
II- Finite Slopes

1- Above the Toe
2- Through the Toe

(Determinate & Indeterminate Problems)

II. Circular Failures
3- Deep Seated 

M lti l Pl F il S fIII Wedge Failures Multiple Planar Failure Surface

Combination of Planar & Circular

III. Wedge Failures

IV. Complex Failures



FACTORS AFFECTING SLOPE STABILITY

1- Soil Type
2- Geometry of the cross section (Height slope angle etc )2 Geometry of the cross section (Height, slope angle, etc.)

3- Moisture Content
4- Pore water pressurep
5- Additional loads
6- Shear Strength reduction
7- Vibrations and Earthquake
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METHODS OF ANALYSISMETHODS OF ANALYSIS

A state of equilibrium is said to exist when the shear stress along 
the failure surface is expressed as:p

Shear Strength

Stress

Shear Stress Strain

Mathematical Representation of

S = τ / Fs

Safety Factor

τ = c + σn tanϕ
τ

Mathematical Representation of 
Stress vs.  Strain Relationship

σ

ϕ

c
σ



FACTOR OF SAFETY

1- For Shear Strength
/ FSτdeveloped = τ / FS

τdeveloped = (c + σ tanϕ) / FS

2 F Sh P t2- For Shear Parameters

cd = c / FS
tanϕ = tanϕ / FStanϕd = tanϕ / FS

3 For Height of the Slope3- For Height of the Slope

Hdesign = Hc / FS
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INFINITE SLOPE
H

INFINITE SLOPE

I. PLANAR FAILURE or Transitional Failure

b = 1 cosβb  1 cosβ

A- Dry Soil (ϕ soil)

b = 1 cosβ

Failure

β

β

W = γ H cosβ
Failure
SurfaceH Weight = W
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A- Dry Soil (ϕ soil) W = γ H cosβ b = 1 cosβγ β

Driving Force = FD = γ H cos β sinβ
Resisting Force = FR = γ H cos β cosβ tanϕ

G.S.
b = 1 cosβ

FS = FR/FD

H β i β

γ H cos β cosβ tanϕ
FS = 

β

γ H cos β sinβ

tanϕ
FS = 

tanβ

Failure
SurfaceH Weight = W

β

tanβ

By Kamal Tawfiq, Ph.D., P.E.



B- Submarged Soil (ϕ soil)
W = γ H cosβ

_

Driving Force = FD = γ H cos β sinβ
Resisting Force = FR = γ H cos β cosβ tanϕ

_
_

G.S.

Resisting Force  FR  γ H cos β cosβ tanϕ

FS = FR/FD

γ H cos β cosβ tanϕ
FS =

W.T
_

β

b = 1 cosβγ H cos β sinβ
FS = 

tanϕ
FS = 

tanβ

_

Failure
SurfaceH Weight = W

β

tanβ
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C- Seepage Parallel to Slope (ϕ soil)C Seepage Parallel to Slope (ϕ soil)

tanϕ
FS =

γw Z
(1- )

G S

FS = 
tanβ γsoilH cos2β

(1- )

G.S.
b = 1 cosβ

Failure
S fH

β

Weight = W

β

SurfaceH Weight = W

By Kamal Tawfiq, Ph.D., P.E.



D- Infinite Slope in c - ϕ soil (with seepage)

tanϕc u )

G S

tanϕ

tanβ
FS = 

c
γsoil H cosβ sinβ γsoil H cos2β

(1- u )

If no seepage: G.S.

β

b = 1 cosβ

If no seepage:
u = 0

If Submarged Slope:
u = 0 γ = γ’

Failure
SurfaceH

β

Weight = W

β

u = 0    γ = γ
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H

tanϕ

tanβ
FS = 

c
γ H cosβ sinβ γ H cos2β

(1- u ) = 1

Critical Height Hc       at     FS = 1

H
β

Weight = W

β

tanβγsoil H cosβ sinβ γsoil H cos2β

Hc = c
γ il cos2β (tanβ - tanϕ)

- u  tanϕ

Stability Number Ns

γsoil cos β (tanβ tanϕ)

Stability Number Ns

Ns = c
γHc

ru = u
γH

= pore water pressure ratio

Hc = c
[ i β β ϕ ( 2β )]

General Equation:

c γsoil [sinβ cosβ - tanϕ (cos2β - ru)]
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Stability Number

• A variety of charted solutions exist for the simple 
geometry considered above.

• For the undrained (total stress) analysis of slopes 
charts produced by Taylor are often usedcharts produced by Taylor are often used.

• The charts are based on the analysis of circular y
failure surfaces, and assume that soil strength is 
given by a Mohr-Coulomb analysis

• Tension cracks are not considered
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Taylor’s Chart
cu = 20 kN/m2

Example  - 1

H = ?
30o

u
φu = 10o

γbulk = 15 kN/m3

F.S. = 1.5

Since the factor of safety is given, then the problem indicates a design of a new slope

Solution: φmobilized = φdeveloped
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Taylor’s Chart
cu = 20 kN/m2

Example  - 2

H = 7 m
30o

u
φu = 10o

γbulk = 15 kN/m3

F.S. = ????

Since the factor of safety is not given, then the problem indicates an existing slope that we need 
to analyze its safety.

Solution: φmobilized = φdeveloped
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2- Use the chart with i = 30o and φ b = tan-1 ( tan 10o) = 10o
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This means the assumed factor of safety was not the right one.  So we need 
to assume another FSφ and solve the problem again for FSc.

( tan 10o

1- Assume FSφ = 1.5
Trial # 2

2- Use the chart with i = 30o, and  φmob =  tan-1 ( tan 10o

1.5
) = 6.7o

SN = 0 1 =
cmob

3- Go to the chart and find SN for φmob = 6.7o

SN = 0.1 =              
15 x 7

4- cmob =  15 x 7 x 0.10 =  10.5 kN/m2
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1- Assume FSφ = 1.8
Trial # 3

2- Use the chart with i = 30o, and  φmob =  tan-1 ( tan 10o

1.8
) = 5.5o

1 Assume FSφ  1.8

3- Go to the chart and find SN for φmob = 5.5o

SN = 0.11 =              
cmob
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Since we complied three different trials, we are ready to find the right 
f t f f t b i th 45o li th dfactor of safety by using the 45o line method

Assumed FSφ Calculated FSc

1 0 2 51.0                                            2.5
1.5                                            1.9
1.8                                            1.73

3

2.5

3

So the correct FS is 1.75

1.5

2

1.75

0.5

1

0
0 0.5 1 1.5 2 2.5 31.75



Taylor’s Chart - example

• Zones are marked on the chart indicating whether the 
failure mode will be shallow or deep-seated.

• If a deep-seated failure is indicated the soil layer 
must be sufficiently deep to enable this mechanism tomust be sufficiently deep to enable this mechanism to 
occur.

• There is a second chart due to Taylor which can be 
used when the depth of soil below the base of the 
slope is limitedslope is limited

• This chart is only valid for φ = 0y φ
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Taylor’s Chart - example with finite depth

cu =  20 kN/m2

8 m
30o φu  =  0

γbulk =  15 kN/m3

2 m

Rock

Calculate the Depth Factor D



Taylor’s Chart - example with finite depth

cu =  20 kN/m2

8 m
30o φu  =  0

γbulk =  15 kN/m3

2 m

DH

Rock

Calculate the Depth Factor D

DH = 10 m



Taylor’s Chart - example with finite depth

cu =  20 kN/m2

8 m
30o φu  =  0

γbulk =  15 kN/m3

2 m

DH

Rock

Calculate the Depth Factor D

DH = 10 m, H = 8m

D = 1.25D  1.25
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Taylor’s Chart - example with finite depth

cu =  20 kN/m2

8 m
30o φu  =  0

γbulk =  15 kN/m3

2 m

DH

Rock D = 1.25

=
Cdev Cdev = 0.165

Hγ 15 x 8

C 0 165 15 8 19 8 kN/ 2 FS 1 01Cdev = 0.165 x 15 x 8 = 19.8  kN/m2 FS = 1.01



STATICALLY INDETERMINATE PROBLEMS

METHOD OF SLICES

Center
XiCenter

1234
5

6
7

81011

∆x

R

αi

891011

Si

S + ∆S

R

Ei

E + ∆E

ϕ

Wi
αi

Wi

αi

Resultant

Ni = Neffi + ui L

αi

Ni = Neff + ui L
ϕ
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XiCenter

∆xi

Unknowns Associated with Force Equilibrium 

n = Resultant normal forces Ni on the base of each slice or wedge
1 = Safety factor, which permits the shear forces Ti on the base of each 

slice to be expressed in terms of Ni
n-1 = Resultant normal forces Ei on each interface between slices or wedges

SiS + ∆S

R

n 1  Resultant normal forces Ei on each interface between slices or wedges
n-1 = Angles αi which express the relationships between the shear force Si 

and the normal force Ei on each interface

Wi

Ei

Ei + ∆E

θi

Ei  ∆E

bi

αi
ϕ

Ni = Neffi + ui Li

αiαi

αi

Resultant
αi

ai
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FELLENIUS METHOD (ORDINARY METHOD, SWEDISH METHOD)

XiCenter

αi
Wi

∆xi

R

Si

S + ∆S

R

Ei

Ni = Neffi + ui L

Wi

Ei + ∆E

bi MR ∑CLi +(wicosθi -uiLi)tanϕ
M ∑ i θ

==F

αi
ϕ

Ni = Neffi + ui Li

αi

MD ∑wi sinθi

Resultant
αiαi

i

ai
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F th i fi it l h

Quiz # 4
Fall 2009

b Soil Surface
For the infinite slope shown 
below, what is the pore 
water pressure at point A ?

Water Table

d dw

W
Assumed 
failuredw

T

N’

failure 
surface

N’

U
dwcos α

A U

α



Center of failure Surface

R = 30 ft

γ = 125 lb/ft3
c = 90 lb/ft2
φ  32

1.5

1.0

φ = 32ο

20 ft

Stiff LayerDrain
















