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3 Stability of Slopes

3.1 Movement in slopes

3.2 The shear strength

3.3 Drained and undrained slopes

3.4 Failure mechanisms in cohesive soils

3.1 Movement in Slopes

e Inall slopes there is a level of instability
Are always trying to come to a horizontal state
Forces in play are gravity and seepage
Resisting forces are the shear strength and the mass of the soil itself
Movement of slopes happen when;
o The shear strength between particles is lost along an internal surface, or
o The effective stress between particles is lost causing full or partial liquefaction
e Mainly three types of movements;
o Falls
= movement away from existing discontinuities — fissures and planes etc.
= are mostly caused by water or ice pressures

o Flows
= when the soil mass loses its friction (the shear strength) due to pore
water pressure
= usually happens on weak saturated soils
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= no distinct failure surfaces
= acts almost as a fluid

o Slides — two main types
= Translational slide
e movements along planes
e quite closer to the surface
e mostly on sloping surfaces

= Rotational slip
e Insoft rocks or cohesive soils
e Takes place along curved surfaces
e Slumps at the top and bulges at the toe

3.2 The Shear Strength

e Shear strength due to frictional resistance between adjacent particles
e The friction model
o A normal force (N)
o Atangential force (T)
o When slip occurs, the ratio of T/N has reached the limiting value of “coefficient
of friction”
o Coefficient of friction is a measure of the roughness of the surfaces in contact
o Is also defined as the tangent of the angle of friction (¢’)
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T=pN=Ntan ¢
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e The friction model is also valid for soils, but with the limitations that;

(0]

Loading a soil mass changes the volume and the pore pressure

o Water may seep out depending on the permeability

(0]

o The stress history of the soil can play a part
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Permeability of soils are vastly different between different types

residual stress

—

displacemant (mm)

e and amount of strain applied
gth tests

o Two main parts to the test

o
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= Consolidation stage

large displacements { = 1000)

Influenced by the drainage conditions during tests

e One dimensionally or isotropically
e Achieves an initial stress state or a full saturation state

Could be instant or hours for finer soils

e Shearing or axial loading stage - Direct or triaxial

Un-drained tests

= No drainage of water from the specimen is allowed
= Un-drained shear strength (c, is determined)
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o Drained tests
o Test types:
= Laboratory
e Direct Shear test
e Triaxial test
= Field
e Standard penetration test (SPT)
e Cone penetration test (CPT)
Direct shear test (shear box test) — normally drained
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e Apparent cohesion (c’)
e Angle of friction (¢’)
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Triaxial test - can be both undrained as well as drained

Axial load
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3.3 Undrained and Drained Slopes

3.3.1 Undrained Slopes (assume infinite length)
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Weight of the soil element
W=yxzxbxcosf

Normal reaction on the slip plane

N=W xcosf
Tangential force down the slope
T=W Xsinf
Shear resistance force up the slope
R=c,Xb
For equilibrium
R=T

cuXb=W Xsinf

cuXb=yxzxXxbxcosf xsinf
1.
Cy Xb= y><z><b><§><sm2ﬁ

22Xy
Z_yxsinz,b’

Example:
Soil in a long undrained slope has shear strength of 50 kN/m? and a unit weight of 18 kN/m?.
Estimate the depth at which a shear slip may occur when the slope angle is 22°.

Example:

An undrained slope is 1 vertical: 1.5 horizontal. At 1.8 m deep there is a weak layer of cohesive soil,
for which undrained shear strength is 24 kN/m? and the overburden has a unit weight of 18.5 kN/m?3.
Calculate the factor of safety against collapse.
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3.3.2 Drained Slopes (assume infinite length)

From a similar calculation process as above

Yw X
Y Xz

h
]xtanCD

tanp = [1—

Example:
Adopting a factor of safety of 1.5, determine the maximum permissible angle for a slope in
the following sandy soil: ®' = 36°, ¢’ = 0,y = 20 kN /m3,

1. Whendry

2. When just waterlogged with steady seepage parallel to the surface
Calculate the factor of safety of the waterlogged slope against failure along a slip plane
parallel to the surface at a depth of 4m, if at this depth there is a thin layer of cohesive soil
with the following properties: @’ = 24°, ¢’ = 12 kN/m?,y = 20 kN /m3

3.4 Failure Mechanisms in Cohesive Soils
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Disturbing moment
W xd
Mobilised shear strength along the arc length of AB
cy XRX0
Where 6 is in radians

Moment generated by the shear strength
CuXRXRX0
The factor of safety

_CuXR?*x0
T Wxd

References Used:
Whitlow, R. (2001), “Basic Soil Mechanics”, Pearson Education Ltd, ISBN:0582-38109-6
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