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Fluid-to-solid coupling: change in fluid 
pressure or fluid mass produces a change
in the volume of porous medium

THEORETICAL BACKROUND OF HYDRO-MECHANICAL COULPLING

Limit equilibrium analyses: minumum FoS 
when approximately 35% of the rock slide 
height is submerged

Numerical modelling: Preliminary 
results show that displacements along 
the shear zone initiate with higher shear 
strength parameters for the model with 
a reservoir at the rock slide toe

Method of slices

Stepwise reservoir impounding

water table Reservoir water load
      σv = γw h cos α
      σh = γw h sin α

basal shear zone

                  0.05
                  0.10
                  0.15
                  0.20
                  0.25
                  0.30
                  0.35
                  0.40
                  0.45

                  [m]

maximal 
displacements

HYDRO-MECHANICALLY COUPLED MODELLING OF DEEP-SEATED ROCK SLIDES 
IN THE SURROUNDING OF RESERVOIRS

1Heidrun Lechner, 2Alexander Preh, 3Alfred Strauss, 1Christian Zangerl
1University of Natural Resources and Life Sciences, Institute of Applied Geology, Vienna, Austria

2University of Technology, Institute for Engineering Geology, Vienna, Austria
3University of Natural Resources and Life Sciences, Institute of Structural Engineering, Vienna, Austria

INDRODUCTION
In order to enhance the understanding of the behaviour of deep-seated rock 
slides in the surrounding of large dam reservoirs, this study concentrates on the 
stability evolution, failure mechanisms and deformation processes  of rock 
slides influenced by reservoirs. 
A generic model based on a case study with a well investigated geometry was 
established. The model represents a typical deep-seated rock slide in mica-rich 
crystalline rock with rotational sliding behaviour. A combination of differend cal-
culation methods is used to study the stability evolution and reservoir-driven de-
formation processes in detail. 

Fig. 1. Four block model

ANALYTICAL LIMIT EQUILIBRIUM ANALYSIS
A block model was developed to examine the internal and external forces of the 
individual blocks, the block interactions and the effect of arising pore pressures 
due to reservoir level changes.
The geometry of the rock slide is subdevided into four virtual blocks where each 
block is assumed to slide along a planar slip surface. This subdivision aims to 
represent the sliding mass by an assemble of mechanically interacting ridid 
bodies.

Nn normal reaction force
Tn shear resistance
Wn wedge weight
Qn interaction force
Zn interaction force
u water pressure
Uw water pressure force
P reservoir load

FoS=
∑Tn
∑Sn

METHOD OF SLICES
The analytical four block model calculations were compared to 2D limit equilibri-
um analysis based on the method of slices.
The progressive inundation of the slope toe implies an increment of pore water 
pressure along the sliding surface and reduces the effective stresses. This re-
duction is partially compensated by the reservoir water load acting against the 
exposed surface of the slope. 

2D NUMERICAL MODELLING
By means of the Universal Distinct Element Code UDEC the shear displace-
ments provoked by reservoir infillings are numerical modelled. 
Reservoir impounding leads to pore pressure changes which influences slope 
deformations through changes in effective stress. 

CONCLUSIONS
Given the geometry and failure surface of a rock slide, an estimation of the de-
crease of the factor of safety due to reservoir impounding can be made.
There exists a critical level of reservoir water which leads to a minimum FoS.
The critical reservoir water level is typically reached when 30 to 50 % of the 
rock slide height is sumberged.
2D numerical modelling promisis a resonable estimation of reservoir-driven 
displacements along the basal shear zone.
This study is part of a hazard assessment approach for large dam reservoirs 
and will help to predict the deformation behaviour of deep-seated rock slides.

RESULTS

Assumptions for limit euqilibrium calculations:
basal shear zone composed of fault gouge 
and /or breccia
starting condition: limit equilibirum state 
(FoS=1) before reservoir impoundment 
(water-free situation)
friction angle of basal shear zone φb is 
back-calculated in order to reach FoS=1
decline in FoS below one does not have
 physical meaning, but provides a comparison
of the change of FoS in relation to a raising 
reservoir level
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Assumptions and work �ow:
�uid fow is only considered along discrete discontinuities by 
means of the cubic law
for each model unit the discontinuity spacing and aperture are 
set equally to maintain isotropic hydraulic conditions
shear strength properties of the pre-de�ned basal shear zone are 
varied until failure is reached
the reservoir water load is implemented via boundary stresses

u = γw hu = γw hw cos2α

Uw = 
u hw
cos α = γw hw b cos α 

Ui =  u hw
2 2

γw (hw cos α)2

= Fig. 2. Individual block with internal 
and external forces

Fig. 3. Method of slices: Patially and totally submerged slices
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Fig. 4. Limit equilibrium 
caluclation: (a) Geo-
metrical model (b) FoS 
versus the ratio of the 
submerged rock mass 
area (A) to the total 
area (A0) of the rock 
slide along the cross 
section

Fig. 5. Limit equilibrium methods Fig. 6. Numerical modelling

Fig. 7. Hydro-mechani-
cal coupling: (a) rock 
mass with intercon-
nected fractures (b) 
Solid-to-fluid coupling

(a)

(b)

Fig. 3. Geometrical model with reservoir water load


