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Evaluation of soil properties in discontinuity zones for slope stability analysis 
Evaluation des proprietes du sol dans les zones discontinues pour Panalyse de la stabilite du talus

H. B. Suchnicka -  Department of Civil Engineering, Technical University of Wroclaw, Poland

ABSTRACT: The effect o f  soil weakness in structural discontinuity zones on shear resistance and, consequently, on the results o f slope 

stability analysis is determined. The approach proposed in this paper aims at providing more reliable strength values on the basis o f  

conventional laboratory tests.

RESUME: En tenant en consideration des affaiblissements des zones du discontinuity et des elements structuraux on a discute quel est 

leur influence sur des valeurs des caracteristiques geotechniques et des resultats de prevision numerique de stabilite. On a propose des 

directions de la recherche indispensable pour diminue de 1’influence negative de ces affaiblissements.

1 INTRODUCTION

Despite the variety o f  soil types occuring in the vicinity o f  engi

neering structures, the reconnaissance o f  soil properties consists 

in determining the properties o f  particular soil layers. In this way, 

however, the bedding surfaces are not taken into consideration. 

Engineering experience has shown many times that landslides 

often occurred in the zones o f  structural discontinuities, so they 

were soon referred to in literature as structural landslides. Soil 

weakness in the material owes its origin either to dynamic proces

ses (faults, fissures, cracks, slickensides), or to interlayer contacts 

produced during sedimentation. The lack o f  reliable solutions to 

the problem in question should be attributed to the difficulty not 

only in determining the position o f  discontinuities, but also in 

providing a sufficient number o f  soil samples from the transition 

zone.

2 SHEAR STRENGTH IN WEAKENED ZONES

Considered are two major causes o f  soil weakness. Unfortunately, 

reliable information about the shear resistance in both types o f  

structural discontinuity is still lacking. Table 1 comprises the va

lues proposed for what is sometimes defined as correcting factors 

(R). These factors refer to the strength parameter values beyond 

the transition zone. The shear resistance in the bedding plane is 

described by ifC = i?[ac(tan(pt + tancpd) + ( c, + c<j )]/2 . The values 

of R come from two sources - they were either taken from litera

ture or were established by the authoress experimentally (the lat

ter pertain to Tertiary cohesive deposits). As shown by laboratory 

tests, the values o f  the correcting factors are influenced not only 

by the type and physical properties o f  the soil, but also by pressu

re conditions. The considerable decrease o f  shear resistance due

to structure damage is reflected primarily in the values o f  cohe

sion resistance. Table 2 includes the shear strength parameters 

for undisturbed (with no visible damage) and disturbed soils. 

From these data it can be seen that the strength parameter values 

for disturbed soils approach the ones proposed for the same soil 

types in civil engineering handbooks and codes. This similarity 

reflects the extension o f damage in the near-surface region o f the 

soil. From the experiments it follows that the shear strength valu

es o f  weakened soils are noticeably lower than those o f the ‘’non

weakened soils” at large strains during triaxial compression tests, 

(Figure 1). In this paper, a distinction is made between soils with 

very high weakness (minimum shear resistance) - referred to as 

disturbed soils - and the remaining soils which subdivide into 

intact soils (with no damage) and undisturbed soils (partly with 

small weakness).

Even with conventional sampling and testing methods it is po

ssible to describe the strength properties in the zones o f very high 

structural weakness after thorough analysis o f  laboratory results. 

O f particular help is here the examination o f  the following items: 

the method o f  specimen failure (brittle or non-brittle), the stress- 

strain relation, and the shear resistance value. It is easier to assess 

the shear resistance for the weakest zones than for the entity o f  

the soil mass, because the determination o f  structural damage in 

the soil mass raises serious problems.

Because o f the varying inclination o f the discontinuity zones, it 

is advisable to assess the soil strength value obtained in laborato

ry tests by taking into account the inclination o f the failure surfa

ce, (Figure 2). In case o f  complicated failure, the inclination o f  

the failure surface can be determined by measuring the inclination 

o f  the largest planar fragment.

Far more difficult is the determination o f  the shear resistance in

Table 1. Values o f  the correc ting  faktor R

B edding surfaces Structural dam ages (Suchnicka)

contact displacem ent contact a  [ k P a ] : material a  [k P a ] :

(B N -8 2 /0 4 0 3 -0 2 )' with w ithout (after Z. Ew ertow ska) ’ 100 500 100 500

clav-sand 0.70 0.58 clay-coarse sand 0.78 0.87 d a y  1 (Im) 0.22 0.31

clay-silt 0.56 0.30 clay-fine sand 0.74 0.86 clay 2 (Ib) 0 .26 0.37

clay-brow n coal 0.60 0.32 ('Suchnicka')

sand-brow n coal 0.70 0.58 coaly clay-brow n coal 0.24-0.34 0.24-0.42 residual soil (RB) 0.39 0.35

slickensides 0.80 0.44 coaly clay-clay 0.80-1.13 0.82-1.45 brow n coal (BC) 0.03 0.13

'  Polish C ode ’ rem oulded soil
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Table 2. Shear strength parameters

Soil

A ccording  to  Suchnicka 

1L undisturbed 

%  c„

disturbed 

c„ (ft,

Polish Code 

(P N -81/b-03020) 

c„ (pu

Undisturbed m aterial according to  R U BFO R 

m aterial undisturbed disturbed

kPa
0

kPa
0

kPa
0

kPa
0

kPa 0

clay ( lm) -0 .1 0 332 12 54 11.5

64 8 brow n coal 930 35 0 18

clay (Ib) -0 .2 0 281 9.5 49 10.5 clayey coal 310 28

resid .so il (RG ) -0 .0 5 174 17.5 72 5.2 57 12.5 coaly clay 240 10 71 3.5

the bedding surfaces. The most complete data set has been obta

ined for the contact zone o f  brown coal and cohesive sediments. 

However, these data are not valid for mineral soils because o f  the 

distinctly higher strength o f  brown coal and the noticeably higher 

transition zone thickness as compared to those o f  the soil. Table 2 

also relates the strength parameters to coal rank and pressure.

3 THE EFFECT OF SOIL WEAKNESS ON THE RESULTS 

OF STABILITY ANALYSIS

The safety factor values calculated by the Janbu method for the 

slope o f  an opencast in Poland (Suchnicka & Konderla 1993) 

substantiated the contribution o f structural discontinuities to the 

results o f stability analysis. Considered were two types o f  soil 

weakness: (1) structural damage and (2) bedding surfaces. For 

weakness type (1) analyzed were two potential slip surfaces (A 

and B), for these two surfaces it was assumed that the soil mass:

(a) was undisturbed, (b) showed 50% disturbance, and (c) was 

disturbed Thus:

for slip surface A the safety factor amounted to 2.91, 2.40 

and 1.25, respectively;

for slip surface B the safety factor was 2.19, 1.82 and

0.80, respectively.

The importance o f the soil weakness resulting from sedimenta

tion contacts was considered on the example o f  the clay-brown 

coal and clay-clay contacts. The results are compared to those 

obtained for a weaker material under the same conditions. The 

calculated safety factors amount to 1.15 and 2.58 for the clay- 

brown coal contact, and to 1.83 and 2.19 for the clay-clay con

tact (undisturbed).

Figure 2. Results of undrained triaxial compression test on clay speci

mens (1F9/3).

In stability predictions for overconsolidated soils errors are pro

pagated due to the neglection o f  the inhomogeneous effort o f  the 

soil in potential slip surfaces. Numerical calculations o f  stress 

distribution (Konderla & Suchnicka 1988) revealed a high over

loading o f  the soil at the toe o f the slope, which increased with 

the increasing degree o f  overconsolidation.

Our stability analysis (Suchnicka & Sadowski 1990) included 

the overloading in the extreme zones o f  the slip surface. We as

sumed that the strength value in these zones would decrease to 

the residual strength value. The following safety factors were ob

tained:

for a slope height o f  20m (with and without overloading)

1.2 and 1.5, respectively;

for a slope height o f  20.5m (with and without overloading)

1.0 and 1.3, respectively.

4 CONCLUDING COMMENTS

The problem calls for further investigations which should deter

mine the following items: (1) the thickness o f  the transition zone, 

(2) the position o f  the surface with the least advantageous shear 

strength values, and (3) the effect o f  soil types, as well as the 

influence o f the physical, hydrological and pressure conditions on 

the contacting soils.

Until more information is obtained, the resistance in the structu

ral discontinuity zones can be assessed in terms o f  the least ad

vantageous strength properties obtained in laboratory tests (for the 

subsets disturbed soils). It is also recommended to consider whet

her or not the parameters determined via this route are reliable 

enough to describe the strength properties in zones with structural 

discontinuities. Unfortunately, such an approach fails to increase 

our knowledge o f the extension o f  damage in the soil mass.
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Figure 1. Some representative stress-strain curves for disturbed 

and undisturbed (IF9/3) soil specimens.
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