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LANDSLIDES

BASIC PRINCIPLES OF SLOPE STABILITY

Landslides occur when the driving forces  tending to pull soil and rock downhill equal or exceed
the resisting forces  holding it in place.

Driving forces:  The driving forces are either: 1) that part of the weight of the soil and rock acting either
parallel to the slope; 2) that part of the weight that tries to rotate the material out of the slope; and 3)
seismic shaking.  Driving forces increase with increasing slope steepness and rock density, and, in the
case of rotational failures, with increasing slope height.

Resisting forces:  The resisting forces are due to: 1) the strength  of the slope materials; 2) strength
added by roots; and 3) buttressing of the lower part of the slope by materials that have to be pushed or
rotated out of the way before the upper part of the slope can move.

Factor of safety:  The factor of safety of a slope is the ratio of resisting forces to driving forces, i.e.

F = 
resisting forces
 driving forces

If the factor of safety is less than or equal to 1 ( i.e., F ≤ 1), the slope will fail because driving forces will
equal or exceed the resisting forces.  If F is significantly greater than 1, the slope will be quite stable.
However if F  is only slightly greater than 1, small disturbances may cause the slope to fail.  For
example, if F = 2, the slope has resisting forces twice as large as the driving forces, and it will be
extremely stable.  If, on the other hand, F = 1.05, the slope’s strength is only 5% greater than the driving
forces, and slight undercutting or steepening, or very heavy rain, or seismic shaking may easily cause it
to fail.

Strength of rock and soil:  The strength of materials is made up of 1) cohesion, and 2) internal friction.
We can write this as an equation:

strength = cohesion + internal friction

Cohesion is the innate “stickiness” of a material, the attraction of its molecules for each other.  For
example, clay and granite are both cohesive.  Dry sand, on the other hand is cohesionless, that is, its
cohesion is zero.

Internal friction is due to the grains of the material rubbing against each other.  The friction depends on
1) how slick the grains are (the coefficient of friction or angle of internal friction), which depends on the
particular material, and 2) how hard the grains are being forced against each other by gravity (the normal
stress).  If there is water in the pore spaces between the grains, the water pressure forces the grains apart
and reduces the frictional strength.  Note that this is not lubrication.  Rather than making things slicker,
the increased pore pressure reduces the normal stress ( reduces how hard the grains are forced together),
thus reducing the frictional strength.

As an equation:

internal friction = coefficient of friction x (normal stress - pore pressure)

All the strength of dry sand comes from internal friction.
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FACTORS CAUSING LANDSLIDES

Factors causing landslides to occur fall into two categories: 1) things increasing driving forces, and 2)
things reducing resisting forces.  Human activities affect both of these.

Things increasing driving forces:

1. Steepening the slope
2. Adding weight to (loading) the slope, especially the upper parts
3. Increasing the height of a slope (either by human or natural downcutting)
3. Seismic shaking

Things reducing resisting forces:

1. Adding water to the slope  --> causes increased pore pressure --> reduces frictional strength
2. Steepening the slope  --> reduces normal stress, and thus reduces internal friction
3. Bedding, jointing, or foliation parallel to slope or dipping out of slope  --> these discontinuities

are low-strength zones along which the rock can fail and slide out of the slope
4. Intrinsically weak materials  (e.g., deeply weathered, sheared, unconsolidated, or clay-rich

materials)
5. Undercutting the slope  --> reduces support
6. Removing vegetation, especially trees  --> loss of root strength, also increased water in soil due

to reduced evaporation losses
7. Seismic shaking
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