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Landslide Hazard Assessment & Mitigation

Subject Code: DML-502
Course Title: Landslide Hazard Assessment & Mitigation

“To understand mapping and hazard assessment techniques of landslides and protection against
landslide.”

S.No?2

Causative factors of landslides — natural including inherent factors and external factors as well as
anthropogenic factors; Impacts of natural causative factors like lithology, structure, slope morphometry,
relative relief, hydrogeological conditions and land use and land cover on stability of slopes ; Impacts of
external factors like concentrated rain fall and earsb quakes on slope stability; Various causes of slope
instability in Himalaya; extreme hydro- meteoroloﬂ conditions leading to landslide dams and related
damages; e
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Bedrock exposed to surface is Outcrop Weathering

What is weathering?
the breakdown of rocks at or near the surface through physical, chemical and

biological processes.

Weathering breaks it down.

Physical Chemical Biological
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Geological Processes leading to natural hazards Physical Weathering

Physical Weathering: the mechanical or physical breakdown of rock into
smaller pleces(sedlments) W|thout a change in the mineral’s chemical
composition. ‘ | ' :

.....

Frost action: water freezes in a crack of the rock surface,
expanding and splitting the rock. Changes-alternating hot and Spinran , . |
cold temperatures weaken the rock as it expands and contracts. 3/18



Physical Weathering

Rock outcrops experience weathering

Freezing Air

Alternate freezing and thawing form potholes and
el frost heave.
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Weakening of rock is a long process Physical Weathering

" Plants and Animals-plant roots force their way into cracks, animals uncover
rock and expose it to the elements.




Environmental conditions play big role Physical Weathering

= Exfoliation Dome-
layers of rock peel
off the main body of
the rock.

*" Abrasion-pieces of
rock collide with
each other due to
transportation by
wind, ice, water and
gravity.




Chemical reactions take place under suitable conditions

Chemical Weathering

" Chemical Weathering-the
process by which
chemicals breakdown rock
through a change in the
mineral’s
composition, happens
fastest in a hot, moist
climate.

= Oxidation-occurs when
oxygen from the air
combines with iron-rich
minerals of the rock,
oxidation = RUST
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Presence of water is required for chemical weathering

Carbonation-occurs
when water combines
with carbon dioxide in
the air to form carbonic
acid.

Carbonic acid easily
dissolves rocks like
limestone and marble.
Hydrolysis-water
combines with
minerals i.e., mica and

feldspar found in granite,

to form clay, the rock
weakens and deformes.

Chemical Weathering
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Factors affect weathering are many Rate of Weathering

" Factors Affecting the Rate
of Weathering
" Exposure-rate and type
of weathering are
dependent on exposure —L |
] o Single boulder, approximately | m on a side
to air, water and living s e N
things. .
. . . 8 fragments, each approximately 0.5 m on a side
= Particle Size-an increase Volume = (0.5)3 X 8 = | m3
. Surface area = 12 m?
in surface area
increases the rate of
weathering

Breakup along
fractures
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Fast and slow weathering

Fast

Rate of
Weathering

Slow

Surface Area

Rate of Weathering

Pieces half the original size.
Twice the surface area

Fast
8‘ e Mool sl th“ 'e”i;;mm ihe original size
[Rp— ] ight times the surface area
| -
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o < : _
o 5 Mineral Composition-rocks made
5 g of harder minerals weather
(a4
slower than rocks made of softer
minerals.
Slow

—

Mineral Hardness
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Weathering: function of weather/climate! Rate of Weathering

Weathering Determined by Climate
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Soil Formation

Soil Formation-end product of weathering and biologic activity

(1) (2)

Longer exposure leads to higher weathering

%o ¢35 ]  A-Horizon top soil
: B-Horizon silicsoil
6. 4 P T partly weathered bedrock
Bedrock solid bedrock

Time increases
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Soil Formation

Good soil profile in older geological formations

Soil Formation-end product of weathering and biologic activity

Topsoil
richest in
organic matter

=m0 0 Horizon (humus) U, oo
1Zoneol leaching
{most leached in

humid climates)

A Harizon (topsail)

E Horizon (eluviation layer)
B-horizon

e Zone of accumulation

seaie=s ) (contains soluble minerals

B Horizon (subsoil) like calcite in drier climates)

C-horizon
» Coarsely broken-up
bedrock

C Horizon (regolith)

r (Bedrock)

R Horizon (bedrock) Generalized relationship of soil

horizons in soil development
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Newer geological formations experience more erosion

Soil Formation-end product of weathering and biologic activity

Soil Formation

e m e e e e m e === . COMPOSITION AND STRUCTURE

A. Thick bedded, very blocky sandstone
The effect of pelitic coatings on the bedding
planes is minimized by the confinement of
the rock mass. In shallow tunnels or slopes
these bedding planes may cause structurally

~~ % | G. Undisturbed silty

R Horizon (bedrock)

or clayey shale with b
< | orwithout a few very
% | thin sandstone layers

clayey shale forming a chaolic
structure with pockets of clay.

Thin layers of sandstone are
transformed into small rock pieces.
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! ) p SuU SOl this does not change the strength. - folded/faulted, sheared clayey shale
. Tectonic deformation, faulting and ~ | or siltstone with broken and deformed
1 _ _ loss of continuity moves these sandstone layers forming an almost
: C Horizon (regolith) categories to F and H. - .| chaotic structure
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Rock outcrop is conditioned by surface weakness

ntact Uniaxial Compressive Stren

m
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Field E stimate of Strenath

Specimen can only be chipped with
a geological hammer.

Specimen requires many blows of a
geological hammer to fracture it.

Specimen requires more than one
blow of a geclogical hammer to
fracture it.

Cannot be scraped or peeled with a
pocket knife, specimen can be
fractured with a single blow from a
geological hammer.

Can be peeled with a pocket knife
with difficulty, shallow indentation
made by firrm blow with point of a
geological hammer.

Crumbles under firm blows with point
of a geclogical hammer, can be
peeled by a pocket knife.

Indented by thumbnail.

Examples

Fresh bazalt, chert, diabasze,
gneiss, granite, quartzite.

Amphibolite, sandstone, basalt,
gabbro, aneiss, granodiorite,
limestone, marble, thyolite, tuff,

Limestone, marble, phyllite,
sandstone, schist, shale.

Claystone, coal, concrete, schist,

shale, siltstone.

Chalk, rocksalt, potash.

Highly weathered or altered rock.

Stiff fault gouge.

Strength (MPa)

»250

100-250 |

50-100

25-50

15

ROCk Type: IGene[al LI SURFACE COND'TIONS
) VERY VERY
GSI Selection: 50 0K GOOD GOOD FAIR POOR POOR
STRUCTURE DECREASING SURFACE QUALITY =—>
INTACT OR MASSIVE - intact /
rock specimens or massive in N/A N/A

situ rock with few widely spaced
discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

N\

[/

7

/

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

,

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

~ N
\\ \\\\g\ N

N

LAMINATED/SHEARED - Lack
of blockiness due to close spacing
of weak schistosity or shear planes

<—= DECREASING INTERLOCKING OF ROCK PIECES

N/A

N/A

&

/

0.25-1
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Geological Strength Index (GSI)

SURFACE CONDITIONS OF DISCONTINUITIES

FAIR

POOR

VERY
POOR

Rock Type: | Flysch | GSI Selection: |50 0K
VERY GOOD
COMPOSITION AND STRUCTURE GOOD
A. Thick bedded, very blocky sandstone /
The effect of pelitic coatings on the bedding 70
planes is minimized by the confinement of
the rock mass. In shallow tunnels or slopes
these bedding planes may cause structurally 60
controlled instability. /
= E. Weak /
| B. Sand- | C. Sand- -| D. Siltstone siltstone
| stone with . i+| stone and or silty shale or clayey
~| thin inter- |- { siltstone in with sand- | shale with
“{layersof || similar stone layers sandstone
”’ siltstone 7| amounts layers
C.D, E and G - may be more or S
less folded than llustrated but ~ " | F. Tectonically deformed, intensively
this does not change the strength. " | folded/faulted, sheared clayey shale
Tectonic deformation, faulting and ; =} or siltstone with broken and deformed
loss of continuity moves these </~ | sandstone layers forming an almost
categories to F and H. S chaotic structure
_ | 6. Undisturbed sitty 247 | H. Tectonically deformed sitty or
or clayey shalewith _ "~ /| clayey shale forming a chaotic
o or without a few very 7| ,' structure with pockets of clay.
thin sandstone layers (4. 1/ | Thin layers of sandstone are
X ,f 71 : ~ | transformed into small rock pieces.
. A e
—p> . Means deformation after tectonic disturbance
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Indirect estimation of rock strength

Analysis of Rock Strength using RocLab

Hoek-Brown Classification
intact uniaxial comp. strength (sigci) = 30 MPa
GSI=50 mi=10 Disturbance factor (D)=0
intact modulus (Ei) = 12000 MPa
Hoek-Brown Criterion
mb=1677 s=0.0039 a=0506
Mohr-Coulomb Fit
cohesion = 1.494 MPa friction angle = 30.52 deg
Rock Mass Parameters
tensile strength = -0.069 MPa
uniaxial compressive strength = 1.807 MPa
global strength = 5.230 MPa
deformation modulus = 3686.23 MPa

Maijor principal stress (MPa)

Shear stress (MPa)

0 1 2 3 4 5 8 7 0 1 2 3 4 5 6 T 8 9 10 11 12 13
Minor principal stress (MPa) Normal stress (MPa) 17/18
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Rock strength and saturation =
g 150 -
2 Granite
o é Granite fitting
% < Basalt
2 100- — Basalt fitting
7 Sandstone
95’_ —— Sandstone fitting
£ Mudstone
0.4 S 504 —— Mudstone fitting
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< =
-
0 . . T . r
a5 0.0 05 1.0
' Saturation S (%)
(a) Uniaxial compressive strength
003 |- - o o o o e e o A .
0.0 - T - T v —
12 16 20 24 20 -
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S 15-
= Granite
0.9 w Granite fitting
3 ¢ Basalt
3 10+ Basalt fitting
< CE) Sandstone
Pan et al . » —— Sandstone fitting
= Mudstone
Computers and 0.8 S s —— Mudstone fitting
; > Q . o Slate
Geotechnics — Slate fitting
Volume 128, 073 3 | | ' ;.
December 2020, 07 , , . , , - il =
103806 0 ; 2 :; "1 Saturation S (%)

(b) Basalt Porosity n (%) (b) Young's modulus 18/18



Thank you very much tor your
kind aftenftion and fime!
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