Gravitational
processes

Landslides, landslips
and other




Gravitational geological processes

Gravitational geological
processes, often called slope
processes, are expressed In
the movement of rocks along
the Earth's surface under the
Influence of gravity from
elevated areas of the relief to
lower ones.

Gravitational processes
develop only on steep slopes
with an inclination angle of
more than 30 °.
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LANDSLIDES

Landslides are classified by their type
of movement. The four main types of
movement are:

« falls (o6Bai)

« topples(o6Bai ¢
MepEBOPAYMBAHUEM TTOPOJIBI )

« slides (ckoamxenue)— rotational
and translational

«  flows (omibIBHHEI)

Landslides (omos3um)

Landslides can be classified as just
one of these movements or, more
commonly, can be a mixture of
several. Geologists also refer to the
type of material involved in the
movement e.g. rock, debris, earth.




FALLS

Falls

Falls are landslides that involve
the collapse of material from a
cliff or steep slope. Falls usually
involve a mixture of free fall
through the air, bouncing or
rolling. A fall type landslide
results in the collection of rock or
debris near the base of a slope.

Falls: the rock mass descends
mostly through air by free fall,
bouncing or rolling, after being
separated from the rest of the
slope.




Topples

Topple failures involve the forward rotation
and movement of a mass of rock, earth or

debris out of a slope. This kind of slope T Wy
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Topples: movements of rock, debris or earth e

masses by forward rotation about a pivot
point.

A topple often results in the formation of
debris or a debris cone at the base of the
slope; this pile is called a talus cone. New
talus cones don’t have any plants growing
on them. Old talus cone can have weeds
and even trees on them.




Slides
Slides are characterised by a
failure of material at depth and

two types of slide failure,
rotational slides (slumps) and
translational (planar) slides:




Rotational slides

A slide type landslide is a down-slope = ‘
movement of material that occurs along a
distinctive rupture or slip surface. If this slip
surface is listric (curved or spoon-shaped) the
slide is said to be rotational. The slip surface
tends to be deeper than that of other landslide
types and not structurally controlled. These
landslides are characterized by a prominent
main scarp and back-tilted bench or block at
the top with limited internal deformation. o
Below this, movement is more or less rotational =
about an axis. Sl

A good example of a rotational landslide is'the Holbeck Hall landslide, in
Scarborough North Yorkshire, England. The 1 million tonnes of cliff failed as
a rotational landslide over a couple of days in June 1993 and destroyed the
Hotel at the top of the cliff. The rotated blocks can be seen as grass covered
‘benches’ in the photograph.



Translational slides

A translational or planar landslide is a down-slope movement of material
that occurs along a distinctive planar surface of weakness such as a fault,
joint or bedding plane. Some of the largest and most damaging landslides
on earth are translational. These landslides occur at all scales and are not
self-stabilising. They can be very rapid where discontinuities are steep.
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Flows

Flows are landslides that involve the movement : T
of material down a slope in the form of a fluid.
Flows often leave behind a distinctive upside- N
down funnel shaped deposit where the B~
landslide material has stopped moving. There
are different types of flows: mud, debris and S N
rock (avalanches). Two of the most common Tl
In the UK are mud flows and debris

flows. Mud flows can be found on the south
coast of England, often associated with larger
complex landslides. Debris flows can be very
rapid and usually occur on steep slopes




Why do landslides happen?

A landslide may occur because the strength of the material is
weakened.

This reduces the power of the ‘glue’ that cements the rock or
soil grains together.

Located on a slope, the rock is then no longer strong enough
to resist the forces of gravity acting upon it.

a) Hillslope Debris Flow b) Channelsed Debrnis Flow



What can increase the chance of a landslide?

Several factors can increase a slope’s susceptibility to a landslide event:

water — adding water to the material on a slope, makes a landslide more
likely to happen. This is because water adds weight, lowers the strength of
the material and reduces friction, making it easier for material to move
downslope

erosion processes — such as coastal erosion and river erosion — if the
bottom of a slope is continually eroded by the sea or a river, the slope will
eventually become too steep to hold itself up




What can increase the chance of a landslide?

steepness of slope (kpyru3na ckinona)— the slope angle is a key factor as far
as landslides are concerned. Any change to this that makes it steeper (such as
coastal erosion) increases the likelihood of a landslide

type of ‘rocks’ (Tum mopox) — soft rock such as mudstone or hard rock such
as limestone — the type of rocks in the slope, and their combination

shape of the rock ‘grains’ (hopma 3epeH nopo;ibn)

jointing and orientation of bedding planes (opueHTamnus 3aeranus mIacToB
nopojbl), arrangement of the rock layers
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What can increase the chance of a landslide?

/
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weathering processes (BbiBeTpuBaHue)— for example freeze-thaw
reduces the stickiness (cohesion) between the rock grains

» lack of vegetation (oTcyTcTBue pacteHuin) which would help bind
material together

Flooding (HaBoaAHEHNS)
volcanoes and earthquake activity nearby (ByrkaHn4yeckagd
aKTMBHOCTb U 3eMIeTPsICEHNS)

» human activity (oestenbHoOCTb Yenoseka)— mining, traffic vibrations
or urbanisation which changes surface water drainage patterns
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What can increase the chance of a landslide?

** Human activity, such as agriculture and construction, can increase the
risk of a landslide. Irrigation, deforestation, excavation, and water
leakage are some of the common activities that can help destabilize, or
weaken, a slope.

¢ Near populated areas, landslides present major hazards to people and

property. Landslides cause an estimated 25 to 50 deaths and $3.5 billion in
damage each year in the United States.




Other Factors

Another factor that might be important for describing landslides is the
speed of the movement.

\/

*» Some landslides move at many meters per second, while others creep along
at an centimeter or two a year.

» The amount of water, ice, or air in the earth should also be considered.

» Some landslides include toxic gases from deep in the Earth expelled by
volcanoes.

s Some landslides, called mudslides, contain a high amount of water and
move very quickly.

» Complex landslides consist of a combination of different material or
movement types
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Landslide control methods:

1. ogpepHoOBKa

2. opeBoHacaxgeHue

3. nepexBaTbliBatoLme CoOopyXeHne anga atmocdepHbIX ocaakoB (NOTKN,
KIOBETHI M Ap.) U NOA3EMHbIX BOA (FOpI/I3OHTaJ'IbeII/I NN BEPTUKANbHbIN
OpeHax), g
4.noanopHbIE COOPYXKEHMUA

5. OYHbI

6. BOJTHOJNIOMbI

7. HabepeXxHble N BONTHODOWHbIE CTEHKU
8. opraHusauus cean n gp.

9. 3awimnTa NoBEPXHOCTU CKIMOHA OT pa3spyLUeHus

leopeweT«a ¢ HanonHuTenem
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Landslide control methods:

grassplanting

tree planting

Intercepting structures for atmospheric precipitation (trays, cuvettes,
etc.) and groundwater (horizontal or vertical drainage),
supporting structures %,
Guns

the breakwaters
embankments and wave walls
organization of piles, etc.
Protection of the surface of the slope from destruction
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Landslide control methods:

Mepbl 3aWmTel OT 06BarioB U BbiBanos
BKI1HOYAlOT BO3BeAEHNE
KaMHeynasnmBatoLLMUX COOPYXKXEHUN.
[1py NPUHATUN NPOEKTHBLIX PELUEHUN -
BbIOOpE napamMeTpoB U PaCrOSIOXKEHNS
NPOTUBOOOBANbHbLIX KOHCTPYKLWNN -
YUYUTbIBAETCA KPYTU3HA U BbICOTA
CKITOHa (0TKOoCa), OT KOTOPbIX 3aBUCUT

nanbHOCTb OoTneTa Mbid.




Landslide control methods:

Protection measures against landslides
and falls include the construction of
stone trapping structures. When
making design decisions - choosing the
parameters and location of the anti-fall
structures - the steepness and height
of the slope (slope) are taken into
account, on which the distance of the
blocks flying away depends.




Landslide control methods

3alMTa NnoBepXHOCTU CKIMOHa OT paspyLUeHus

Protection of the slope surface from destruction




Landslide control methods

BonHonowmbl, 6yHbI
Breakwaters, groins




