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Case Study

> 700-m high rock slope in Western Norway,

~ The objective Is to assess static and seismislope
stability using UDEC
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Geological Description of the Area

Slope area Granitoid gneiss with zones of schist
(Robinsonet al.1997)

Average slope angle ~ 36

Crossjoints striking NW SE
Discontinuities are rough and undulating
Joint walls altered with surface strains, otheghtty healed
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Crosssection of the slope showing the foliation planed a
observed block movements (Bhaetral. 2004)

[ Schists
[ Granitic-tonalitic gneiss

Observed block
movements
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UDEC Modelling

0 (Restrained)

X= Velocity

YeVelecity =0/ Restrained)
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Geometrical Properties of Model
Bartonet al. 1977, Lamazt al. 1991

Blocks Discontinuities

Density. 2680 kg/m3 Joint Nermal 1.615 ell Pa
Stiffness
Elastic Medulus 40 e0rPa Joint Shear 1615 ell Pa
Stiffness
- Jiensile Strengtil 0
- ErictionrAngle
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Static Stability Analysis

> Simulate the actual conditions

~ Insitu stresses I.e. the ratio of the horizostedss to
vertical stress in the rock mass Is taken urkiy=()

> Analyzing under static: conditions (I.e. gravity doa
analysis) unulthereguiientim
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Effect of Reduced Joint Properties

> With time, there is a possibility of reduction mint
properties (Coulson 1972, Barton and Choeubey, 194
Bhasinet al., 2004")

> Five Cases
Case A
Case B
Case €
Case D
Case E
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Effect of Reduced Joint Properties

Velocity vectorsindicating
«— thedirection of movement

Disp. vectorsindicating the
direction of movement

Friction| Static XDispl.
angle (cm)
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As the friction angle reduces, shear displacemelji
Increases thereby indicating the unstability ofttleeks
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Seismic Input Motion

~ After simulating the insitu and gravity load
conditions, seismic input is applied

> A 3-Hz sinusoidal shear wave was applied at the basgs!

> The stress wave corresponding to maximum velogciigy
of 0.053 m/s is applied
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Failure Process of th slope in Case B, frictic30%=
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Time taken for each seismic analysis run = 72 Fr®gays )

FAILURE OF SLOPE WITH FRICTION
ANGLE 25
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Seismic Displacement

Friction Dynamic X-

angle Displacement
—e—Case E (cm)

—&—Case D
—4—Case C 420 4.16

—>—Case B

—*—Case A 3 14.90

25° 69.82

20° 140.50

15° 210.40

Xdisp(cm)

15 2
Time(sec)
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Conclusions

> This reduction _in. the shear strength at the joins
Interfaces leads to the instability of the slogsulting

In sliding, relling and rotatiof rock mass down the
Slope

> Thus, careful estimation of Interface properties I
Very essential to estimate the stanility off thepsks
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THANK YOU
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In the early days, slope failure was alwaps
written off as an act of god

the damage— especially when the damagg
Invoelves less ofilife andl property.

VVarunava L andslidePhoios
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Conclusions2

Case study of the slope consisting off jointed riockvestern Noway has
helped!in gaining ani insight inte the failure mauka of slope

Reduction in interface properties is due to wedatigeaction, ngress: of
pore water due toirain and gouge material

Thus; careful estimation: of interface propertiegas) essenéll to estimate
the stability’ ofi the'slopes

Soeitware’s liket UPDE@ o other distinet element: codehichr alloys
translational” and" retational movement and  theremuaabler forsuch
proklems

IViereover seeing thenstability/mithersiope; measures lishoicretingand
cablerheltingishouldibercanied out o the: stapiistchiSvpe problem
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> The dominant frequency at the rock site is ii
the range of 3.0/ Hz

> Sinuseidallearthguake Input applied at therhais
ofi the slope
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