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1011 and have serious

o Even relatively small changes of
the stability may trigger
landslides, especially in areas
where slides previously have
taken place.



SME ST sign of an Imminents
ignesiide ISttherappea se Of
SUldiaCE: Chal S f e upper part
PipLiE SIOPE, PErPEndIcUlar to the
cJJre tion of the movement. These
slicicksimay gradually fill with
Welters, Which weakens the soll
= and mcreases the horizontal force
—WhICh Initiates the slide.
!- Ereguently, inclined shear cracks
can also be observed on both
sides of the slide, as well as a
slight bulge at the toe of the
slope.
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glkangdslides are primarily caused;lay

gevitationalsierces I

gecasionally, seIsmic ferces can e
SRceRUABUING FACOr. " ATlandsiide 1s
Eigianily the result of a shear
lieliire along the boundary of the
fIeVINg mass of soil or rock.
s=—ailure is generally assumed to
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= Occur when the average shear
-~ stress along the sliding or slip
surface Is egual to the shear
strength of the soil or rock as
evaluated by field or laboratory
tests.




=hile geologrst regard landsii
OIETOI the many natural Ces‘SE'
WhIch act on the surface of the
el as part of the general
Jevlogical cycle.

=

: -‘ e engineer, on the other hand,
Trles to determine the maximum
angle at which a slope Is stable
and studies the stability of a slope
INn terms of a factor of safety.
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Plan of typical slide in cohesive material. (After Terzaghi
and Peck, 1967.)




Legend
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Slide at Ullensaker, December, 1953, (After Bjarrum, 1954.)
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f‘ffDry*Spells

_ R’apld Draw Down

' Seepage from Artificial Sources of Water

e Seepage from Artificial Sources of Water
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/7 Fall

Rotational slide

Translational slide

Flow

Main slide types.




Limestone, sandstone,
= lava or other bed
— resistant to erosion

Shale, tuff,
voleanic ash or
other easily
weathered bed

(a) Differential Weathering. (b) Frost wedging in jointed

homogeneots rock.

Water-filled joint -
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Overbreakage
and blast
fracturing

(c) Jointed homogeneous rock.
Hydrostatic pressure acting P
on loosened blocks.

(d) Homogeneous jointed fock.
Blocks left unsupported or
loosened by ovetbreakage
and blast fracture.

G Vertical joint - v i' ™~
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Lake or ocean level

P et River level A
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(e) Either homogeneous jointed
rock or resistant bed
underlain by easily eroded
rock. Wave cut cliff.

(f) Either homogeneous jointed
ck or resistant bed
underlain by easily eroded
rock. Stream cut cliff.

Examples of rockfalls. (After Varnes, 1957.)




Multiple rotation slide

Successive slips

Rotational slides.
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g\ Studies
J atories Studies
Lllty Calculations

2- mportant that the field and
oratory Investigations be
- pplemented by field measurements so
;.._ “that the behavior of a slope can be
—--ﬂ__ - checked and corrective measures be

- taken in times.

EIrst Step:

Collection of available information
geological, hydrological, topographical,
and soil maps.




S licli jometers

= eTehoIes Extensometer
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ﬁ"lglezometer
o Slide Warning Systems
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r strength

= Angle of internal friction

Cohesmn
. Undrained Cohesion

étermlnatlon of the slip surface

Depends on the geology
Bedding planes

Faults

Old sliding surfaces
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0e determined using

- eTrenches

~  eBoreholes

eTrial Pits

e[ heoretical Calculations
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0 Correct

%'étrical Methods
Flattenlng of slope

":  — Excavation at top of slope
= = ,_ — Fill at toe of slope
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Syeielegical Methods -

Surface drains:
= Diraln"Noles! :

_ Sand drains
fﬁverted filters
= Other methods

drainage of surface water and
lowering of ground water level.
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?- srouting

- — Rock Bolts
---.’_f _ Piles

- — Retaining Walls, Sheet Pile
Walls, and Toe Walls.
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ﬁ Excavation s

(b) Flattening of slope

(d) Driving of piles

(e) Lowering of groundwater level

() Erosion protection

Stabilization of siopes slong the CGiota River in Sweden.
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