
 

BUDAPEST UNIVERSITY OF TECHNOLOGY AND ECONOMICS 

FACULTY OF CIVIL ENGINEERING 

DEPARTMENT OF ENGINEERING GEOLOGY AND GEOTECHNICS 

 

 

 

 

Parameters influencing rock shear strength along discontinuities: a quantitative 

assessment for granite and claystone rock masses of underground radioactive waste 

repositories 

 

 

Ildikó Buocz 

dipl. Ing. 

 

Supervisor: Dr. Nikoletta Rozgonyi-Boissinot  

 

 

 

 

Budapest, 2016 

 



1 
 

Table of contents 

1. Introduction .......................................................................................................... 2 

2. Objectives of the research ................................................................................... 4 

3. Research methods ............................................................................................... 5 

3.1 First phase evaluation ................................................................................... 5 

3.1.1 Multi-stage direct shear strength test ...................................................... 5 

3.1.2 Single-stage direct shear strength test .................................................... 6 

3.2 Second phase evaluation .............................................................................. 6 

3.2.1 Multi-stage direct shear strength test ...................................................... 6 

3.2.2 Single-stage direct shear strength tests .................................................. 7 

4. Theses ............................................................................................................... 10 

5. Conclusions ....................................................................................................... 17 

6. Acknowledgements ............................................................................................ 18 

7. Publications in the field of the research .............................................................. 19 

8. References ......................................................................................................... 22 



2 
 

1. Introduction 

The determination of rock mechanical parameters such as shear strength along 

discontinuities is important when failure conditions of a rock mass are assessed. The 

correct assessment has been discussed in many ways (Hsiung et al., 1993; Schubert, 

2013; Barton, 2016). 

Differences in mineralogy, water content, tendency to creep, brittleness, presence of 

discontinuities and the influence of the in-situ stress state on rock strength are only 

some of the parameters and/or conditions which control the mechanical behaviour of 

rocks.  

Underground structures with complex geometries, extreme life span or strict 

deformation requirements demand the thorough understanding of rock mechanical 

parameters. The mechanical behaviour of rocks is governed by two components: the 

solid rock matrix and the discontinuities within the matrix. This research focuses on the 

latter. The correct determination of rock mechanical parameters, such as the peak and 

residual shear strength along discontinuities, peak and residual friction angles and 

apparent cohesion is discussed. More specifically, the work deals with the 

determination of these parameters for typical host rocks of radioactive waste 

repositories, whose construction is nowadays one of the hottest topics in rock 

engineering, for what particularly concerns underground space development. 

This work presents laboratory investigations carried out for determining the factors 

influencing the shear strength along discontinuities of granites and claystones 

(Coulomb, 1776; Mohr, 1990; Patton, 1966; Baron and Choubey, 1977; Hoek, 1990; 

Grasselli 2001). These are typical host rocks for radioactive waste repositories all 

around the world (Lorenz and Lahodynsky, 2013; Choung et al., 2014).  

The investigated rocks were collected from sites where either the rock formation is to 

host such a facility, or where a repository is already in operation. A better knowledge 

of these materials is therefore essential and of the highest interest, not only at the local, 

but at the international level as well.The granite samples were collected in Hungary, 

during the construction of the Bátaapáti National Radioactive Waste Repository 

(NRWR) for a level of low and medium radioactive waste. The Claystone samples were 

partly derived from one of the main fault zones of the NRWR and, partly were 
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constituted by samples of Opalinus Claystones, selected as the potential host rocks 

for high level radioactive waste in Switzerland. These samples were derived from the 

Mont Terri Rock Laboratory (Mont Terri, Switzerland). 

A two-phase evaluation method for determining shear strength is presented in this 

work. The first phase follows the instructions suggested by the International Society of 

Rock Mechanics (ISRM), whereas in the second phase a more detailed investigation 

is carried out on some of the parameters influencing shear strength. The aim is to 

underline their importance and show to what extent they are able to modify the values 

obtained solely relying on the first phase evaluation approach. 

In the second phase of the evaluation, the importance of four parameters was studied, 

i.e. the surface roughness, the elevation of the sample surface in the direction of shear 

compared to shear plane, the pre-existing natural shear direction compared to the one 

used in the laboratory and the relationship between bedding plane and shear surface. 

The interpretation of the test results and suggestions regarding which parameters, 

among those investigated, require special attention for the rock types examined is also 

provided. It is pointed out how the analysis of these parameters improves the quality 

and detail of the results obtained in the first phase evaluation. 

The thesis gives an overview of the perspectives of future research. It also emphasises 

that the mechanical parameters obtained from the tests can be used in practice in the 

design of underground structures. 
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2. Objectives of the research 

The research attempts at advancing knowledge and expanding databases of 

laboratory test results for the investigated rock types, in view of a safer disposal of 

radioactive waste. More in detail, the research had the following three main goals: 

1. contribution to a better understanding of the behaviour of two investigated 

potential host rocks for radioactive waste disposal sites, the Bátaapáti Granites 

and Claystones, and the Mont Terri Opalinus Claystones, by:  

 providing quantitative rock mechanical data deriving from laboratory 

direct shear strength tests along discontinuities under constant normal 

load conditions (CNL) 

 determination of the failure criterion best describing the investigated rock 

materials 

2. Comparison and quantification of the difference in the value of the friction angle 

obtained for Bátaapáti Granites from two widely used direct shear strength 

testing methods, (i) the multi-stage and (ii) the single-stage tests. 

3. Elaboration of a two-phase evaluation system for the results of laboratory direct 

shear strength tests along discontinuities, in which the second phase is 

constituted by further analyses starting from the results of the first phase, by 

taking into consideration the effect of additional parameters influencing shear 

strength. 
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3. Research methods 

I used a two-phase evaluation system in my research.  

3.1 First phase evaluation 

Two types of direct shear strength tests were carried out for the determination of rock 

mechanical parameters, i.e.: multi-stage and single-stage direct shear strength tests 

along discontinuities.  

3.1.1 Multi-stage direct shear strength test 

The advantage of multi-stage direct shear strength tests is the possibility to determine 

a failure envelope from a lower number of test specimens compared to single stage 

tests. Under constant normal loading, the shear stress is increased until the sample 

reaches its residual shear strength, preceeded by its peak shear strength. Then the 

normal stress is increased at the next stage and kept constant until the residual state 

is reached at this level as well. The increase of the normal stress is repeated at each 

successive stage of the test. In the framework of this research, the maximum number 

of stages performed was 5; the normal stress varied between 0.1 and 5 MPa. These 

tests were carried out in Hungary, with a Controls-Type shear machine. Analyses were 

performed on 14 Bátaapáti Claystones and 15 Bátaapáti Granites. The results 

obtained from the direct shear strength tests were approximated by a linear model, i.e. 

a Coulomb-line, allowing to calculate the values of friction angle and apparent cohesion 

(Figure 3-1). 

 

Figure 3-1 : Shear stress-normal stress diagram of multi-stage direct shear strength test 
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3.1.2 Single-stage direct shear strength test 

Single-stage direct shear strength tests are performed under one constant normal load 

until the sample reaches residual conditions. From each test, one peak and one 

residual shear strength value can be obtained. When in a series of tests less than 5 

different normal stress values are applied, friction angle and apparent cohesion can 

not be calculated.  

In my research I examined 8 Bátaapáti Granites and 18 Mont terri Opalinus 

Claystones, under 1 MPa constant normal load. 

If possible, in the first-phase evaluation the nominal area loss of the samples during 

the shear strength test should be taken into consideration in the determination of the 

shear strength parameters.  

3.2 Second phase evaluation 

Samples were subdivided and analysed separately in predefined sample groups. 

3.2.1 Multi-stage direct shear strength test 

Lithology: 

Samples with calcite covered surfaces were distinguished for Bátaapáti Granites, 

samples with microbrecciated surfaces for Bátaapáti Claystones. Those samples that 

could not be grouped based on their lithology were further analysed.  

2D surface roughness measurement 

Two characteristic parallel lines on the surface of the samples were defined in the 

direction of shear, along which displacement gauges were positioned for the detection 

of the surface morphology.  The method is very simple, and uses only displacement 

gauges. The encapsulated samples were manually moved under a displacement 

gauge with a fixed postion, so that the amplitude of the displacements could be 

measured. Based on this methodology, I classified the Bátaapáti Granites into groups 

with moderately rough and rough surfaces and the Bátaapáti Claystones into groups 

with smooth and moderately rough surfaces. 
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3.2.2 Single-stage direct shear strength tests 

The single-stage direct shear strength tests were performed in Switzerland, where a 

new photogrammetric 3D surface detection method could be applied. 

3D surface detection method: 

This method allows to define and analyse the following parameters: 

I) Elevation of the sample surface in the direction of shear compared to the shear plane 

A point cloud was obtained from the 3D surface detection measurements with the 

help of the software ShapeMetriX3D. The coordinates belonging to the sample 

surface were separated from the coordinate points belonging to the surface of the 

sample holder box, the latter representing the plane of shear. Linear regression 

planes were fitted to each point cloud. The angle enclosed by the plane of shear 

and the sample surface in the direction of shear was calculated. From the results 

obtained, the Mont Terri Opalinus Claystones and the Bátaapáti Granites were 

classified into groups, based on the direction of shear, i.e.: upslope or 

downslope(Figure 3-2).  

 

Figure 3-2 : Example for the quantification of the elevation of the sample surface in the 
direction of shear compared to the shear plane 

II) Surface roughness 

Due to the uneven distribution of the point cloud, a 1 x 1 mm grid was superimposed 

to the regression plane of the sample surface and, for each cell, one single distance 

value was calculated. The quantification and subsequent classification of the 

surface roughness was based on frequency diagrams, representing the statistical 
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frequency of the distance values obtained for each 1 mm2 cell. From each frequency 

diagram, the 90 % of the values were taken into consideration in the further 

evaluation, by neglecting the values under the 5th and above the 95th percentiles. 

From the cumulative frequency curves, the Bátaapáti Granite surfaces were 

categorised into sample groups with moderately rough and rough surfaces; the Mont 

Terri Opalinus Claystones were on the other hand classified into sample groups with 

smooth and moderately rough surfaces (Figure 3-3). 

 

Figure 3-3 : Sample classification, based on the computed average distances of the surface 
points from the regression plane and the cumulative distribution of the frequencies of these 

distances. 

III) Pre-existing natural shear direction compared to the one used in the laboratory 

Prior to the direct shear strength test, the Mont Terri Opalinus Claystones were 

subjected to shearing in their natural environment. The sample surfaces were 

partially back-analysed from the DXF files from the ShapeMetriX3D surface imaging 

in those cases where, from the visual analysis, the natural shear direction was not 

evident. (Figure 3-4). For each sample of the Mont Terri Opalinus Claystones it was 

therefore determined whether the direct shear tests were carried out in the direction 

or against the direction of the natural shearing. 
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Figure 3-4 : Determination of the natural shear direction from visual observation 

Lithology 

Mont Terri Opalinus Claystones are characterised by a layered structure. The angle 

() enclosed by the bedding plane and the plane of the natural shear surface in the 

direction of shear was determined and then modified by the effect of the factor 

presented in point I) i.e. angle () between the shear plane and the plane of the natural 

discontinuity surface in the direction of shear. Their difference () allows to establish 

whether the shearing was carried out upslope (against the bedding plane) or 

downslope (Figure 3-5).   

 

Figure 3-5 : a) Angle ß between the bedding plane and the natural shear surface, b) angle γ= 
angle ß modified with the effect of the orientation of the natural shear plane compared to the 

shear plane of the shear strength test 
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4. Theses 

Thesis 1  

I found out that lithology is one of the control factors based on which it can be 

established whether a square root-function curve or Coulomb line can be best 

used for describing shear strength from multi-stage direct shear strength tests 

along discontinuities. I proved that under constant normal stresses lower than 

5.7 MPa in each stage, the failure conditions of Bátaapáti Granites are best 

described by a square root-function envelope; conversely, under constant 

normal stresses lower than 2.0 MPa in each stage of the test, the results of 

Bátaapáti Claystones can be best modelled by a Coulomb line 

The lithology of rocks influences the magnitude of the peak and residual shear strength 

along discontinuities. Hard rocks, such as Bátaapáti Granites (14 pairs of samples), 

present well distinguishable peak shear strength values under low constant normal 

stress for multi-stage direct shear strength tests. However, with the increase of normal 

stress at each stage, the difference between the peak and the residual shear strength 

values progressively decreases after each stage. As a consequence of this 

phenomenon, if a Coulomb line is fitted to the test results on the shear strength-normal 

stress plane, the slope of the Coulomb line fitting to the peak shear strength values 

can be lower than the one fitting to the residual values. Thus, this failure criterion is not 

sufficient to describe the behaviour of Bátaapáti Granites properly. On the other hand, 

the peak and residual shear strength values of the tested Bátaapáti Granite samples 

are better described at low normal stress (< 5.7 MPa) by a square root-function. 

Soft rocks, such as Bátaapáti Claystones, present either little or non-distinguishable 

peak shear strength values under low constant normal stress (< 2.0 MPa) for multi-

stage direct shear strength tests along discontinuities. The investigated Bátaapáti 

Claystone samples (15 pairs of samples) present peak values very close or equal to 

the residual shear strength values. By fitting a Coulomb line on the shear strength 

values obtained, the slope of the envelope for the peak values is always higher than 

the one for the residual. Linear relationships could be established, proving that the 

Coulomb failure criterion appropriately describes the behaviour of this rock type (Figure 

4-1). 
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Figure 4-1 : Failure envelopes fitted to peak shear strength results. a) Coulomb line (starting 
from the origin) for Bátaapáti Claystones; b) square root-function curve (starting from the 

origin) for Bátaapáti Granites 

Publications: Buocz, 2010a; Buocz, 2010b. 

Thesis 2  

I determined that, at low normal stresses (lower than 3.35 MPa), the multi-stage 

direct shear strength test method underestimates the average friction angle and 

apparent cohesion of the tested Bátaapáti Grantites by a factor 2 in comparison 

with the values obtained from single-stage direct shear strength tests along 

discontinuities.  

Friction angles from the multi-stage direct shear strength tests and the single-stage 

direct shear strength tests along discontinuities were compared, for two selected 

normal stress values, i.e. 0.45 and 3.35 MPa. These values define the interval of 

normal stresses within which a friction angle could be determined for each of the three 

investigated sample groups of Bátaapáti Granites from the first sampling, i.e.: samples 

with moderately rough, rough and calcite covered surfaces. The friction angle values 

were analysed in two ways, as follows. First, one common square root function curve 

starting from the origin of the shear stress-normal stress plane was fitted to all the test 

results of all the stages obtained from the multi-stage direct shear strength test (for 

peak and residual shear strength, separately). Then: (i) the results obtained from the 

first stage only of the multi-stage tests were extended by those provided by the single-

stage tests performed on the rock specimens from the second sampling of the 

Bátaapáti Granites; (ii) a square root function curve starting from the origin of the shear 

stress-normal stress plane was fitted to the test results selected. In both analyses, the 

friction angles calculated from the tangent to the square root function curves at 0.45 

and 3.35 MPa normal stresses were compared. For both peak and residual conditions, 

it was observed that the results of the multi-stage direct shear strength tests, under the 
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specified normal stress interval, underestimate of approximately 50% the friction 

angles of Bátaapáti Granites when compared to the results obtained from the single-

stage tests (Table 4-1). 

Table 4-1 : Friction angle and apparent cohesion values at 0.45 and 3.35 MPa normal stresses, 
computed for Bátaapáti Granites from the first and second sampling. The shear strength 

values are approximated by a square root function curve 

Samples 

0.45 MPa normal stress 3.35 MPa normal stress 

Peak condition 
Residual 
condition 

Peak condition 
Residual 
condition 

frict. 
angl. 

[°] 

app. 
coh. 

[MPa] 

frict. 
angl. 

[°] 

app. 
coh. 

[MPa] 

frict. 
angl. 

[°] 

app. 
coh. 

[MPa] 

frict. 
angl. 

[°] 

app. 
coh. 

[MPa] 

first 
sampling 

moderately 
rough 

33.0 0.342 30.6 0.302 15.2 0.932 13.5 0.824 

rough 31.8 0.321 28.2 0.268 14.4 0.876 12.1 0.730 

calcite 
covered 

32.7 0.336 30.6 0.302 14.9 0.916 13.5 0.823 

all 36.7 0.335 33.4 0.297 15.3 0.914 13.6 0.810 

first and 
second 

sampling 

all 56.3 0.676 50.2 0.540 28.8 1.843 23.7 1.472 

only first 
stage from 

first 
sampling, 
all from 
second 

sampling 

60.4 0.791 52.9 0.596 32.8 2.159 25.9 1.626 

Publications: Buocz, 2010a; Buocz, 2010b; Buocz et al., 2012. 

Thesis 3 

When analysing the influence on the shear strength of the angle enclosed by the 

shear plane and the plane of the sample surface (discontinuity), I found out that 

when this angle varies within an interval of ± 3°degrees, the discrepancy 

between the calculated and the measured shear strength values of the tested 

Bátaapáti Granites and Mont Terri Opalinus Claystones is ± 4-5 percent per 

degree, for both peak and the residual states. A linear relationship between these 

values was given in the thesis. 

The effect of the upslope and downslope shear in the direction of shear was 

investigated for Bátaapáti Granites and Mont Terri Opalinus Claystones. A linear 

relationship describes best the difference, expressed in percentage, between the 

measured shear strength values and those back-calculated from the equation of Patton 

(Patton, 1966). This statement is proven within the investigated interval of ± 3° tilting 
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in the direction of shear for Bátaapáti Granites and Mont Terri Opalinus Claystones 

(Figure 4-2) and is true for both peak and residual conditions (coefficient of 

determination in all cases > 0.98).  

Bátaapáti Granites peak condition: 𝑦 = −4.108𝑥 + 101.1 

Bátaapáti Granites residual condition:  𝑦 = −4.3842𝑥 + 101.37 

Mont Terri Opalinus Claystones peak condition: 𝑦 = −5.0984𝑥 + 100.72 

Mont Terri Opalinus Claystones residual condition: 𝑦 = −5.3308𝑥 + 100.66 

According to this linear trend, for 1 degree tilting the difference between the calculated 

and the measured shear strength is 4-5 %, for both rock types and in both peak and 

residual conditions. 

 

Figure 4-2 : The corrected shear strength values of the Mont Terri Opalinus Claystone and 
Bátaapáti Granite samples for downslope and upslope shear (expressed in percentage), as 

obtained after the effect of encapsulation is taken into account 

Publications: Buocz et al., 2015b; Buocz, 2016. 

Thesis 4 
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I concluded that the direction of shearing - upslope vs. downslope -significantly 

influences the peak and residual shear strength values of Mont Terri Opalinus 

Claystones obtained from direct shear strength tests along discontinuities. 

When upslope or downslope shearing is taken into consideration, the obtained shear 

strength values (modAE) are more reliable (Table 4-2). Without taking this factor into 

account (modA), the average peak and residual shear strength values are significantly 

overestimated in case of upslope shear and underestimated in case of downslope 

shear. Both the peak and residual shear strength values which take into consideration 

the effect of the upslope/downslope shear change, varying between 6.8 and 9.4 % for 

the Mont Terri Opalinus Claystones. 

Table 4-2 : Influence of the upslope and downslope shear on the shear strength of Mont Terri 
Opalinus Claystones. For values denoted by modA, the influence of upslope/downslope shear 

is not taken into consideration only the change in the area during the shear test; for values 
denoted by modAE, both area change and the effect of upslope/downslope shear are taken into 

consideration. In the change of the shear strength ‘+’ stands for overestimation, ‘-‘ for 
underestimation. 

 

Upslope shear (7 samples) Downslope shear (6 samples) 

Peak 
shear 

strength 
[MPa] 

(modA) 

Peak 
shear 

strength 
[MPa] 

(modAE) 

Residual 
shear 

strength 
[MPa] 

(modA) 

Residual 
shear 

strength 
[MPa] 

(modAE) 

Peak 
shear 

strength 
[MPa] 

(modA) 

Peak 
shear 

strength 
[MPa] 

(modAE) 

Residual 
shear 

strength 
[MPa] 

(modA) 

Residual 
shear 

strength 
[MPa] 

(modAE) 

Mimimum: 0.412 0.364 0.389 0.363 0.338 0.393 0.321 0.378 

Maximum: 0.550 0.512 0.550 0.533 0.495 0.537 0.416 0.482 

Average: 0.470 0.432 0.469 0.439 0.437 0.482 0.396 0.437 

Change [%] + 8.8 + 6.8 - 9.3 - 9.4 

Publications: Buocz et al., 2015b; Buocz, 2016. 

 

 

 

 

 

 

Thesis 5 
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I observed that the Mont Terri Opalinus Claystone specimens with smooth and 

moderately rough surface types are both characterised by specific well-defined 

curves on the shear stress-shear displacement plane. A displacement domain 

can be defined, between the starting point of the pre-peak non-linear part of the 

curve and the starting point of the residual part. For moderately rough surfaces 

this domain is on average 1.0 mm wide and the peak of the curve is constituted 

by a flat section, whose left and right bounds are contained within the 

displacement domain defined. The peak shear strength value is consequently 

found to be associated to an interval of shear displacement values within this 

domain, rather than to one distinct displacement. For smooth surfaces, the 

average width of the displacement domain within which the peak shear strength 

is found is 0.6 mm, and the peak shear strength value corresponds to a unique 

well distinguishable point on the curve. 

A displacement domain containing the values associated to the peak shear strength 

value was defined on each shear stress-shear displacement curve obtained for the 

Mont Terri Opalinus Claystone specimens. This domain is determined based on 

geometrical criteria: the lower bound is defined by the endpoint of the linear part of the 

curve corresponding to the linear behaviour of the rock sample, while the upper bound 

by the starting point of the residual strength section of the curve (Figure 4-3). For 

surfaces which were classified as smooth, the position of the peak value corresponds 

to one unique shear displacement value. The peak is described by a narrow pointy 

section of the curve, associated to a displacement domain of 0.6 mm width on average. 

For samples with moderately rough surfaces, the position of the peak shear strength 

value is not clearly distinguishable, due to the flat shape of the peak area, associated 

to displacement values contained in a displacement domain of 1.0 mm width 

(average). The peak shear strength is therefore defined for an interval of shear 

displacements. This type of curve shape is explained by the effect of the sheared off 

asperities, which stay trapped between the two surfaces of the sample. Because of 

this phenomenon, the sample can reach its residual state only beyond a certain shear 

displacement, which allows this gouge to degrade and results in a wider flatter shape 

for the peak domain. The peak values obtained for moderately rough surfaces are 15 % 

higher than those obtained for smooth surfaces.  
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Table 4-3 : Width of the intervals (displacement domains) corresponding to the peak shear 
strength areas for each samples. Red letters indicate the samples that were excluded from the 

evaluation and blue letters the ones which did not have a peak shear strength value 

Sample Remarques 
surface roughness 

group 

Width of interval 
corresponding to the 
peak shear strength 

domain [mm] 

MT_S1_1 no data smooth 0.42 

MT_S2_1 no data moderately rough 0.80 

MT_S2_2 no data moderately rough 0.97 

MT_S3_3 no data moderately rough 1.02 

MT_S5_1 no peak smooth no data 

MT_S6_1 no peak moderately rough no data 

MT_S6_2 no peak moderately rough no data 

MT_S7_1 no peak smooth no data 

MT_S7_3 no data moderately rough 1.47 

MT_S8_1 no data smooth 0.73 

MT_S8_4 no data smooth 0.64 

MT_S8_6 no data smooth 0.63 

MT_S9_1 no peak moderately rough no data 

MT_S9_2 no data moderately rough 0.95 

 

Figure 4-3 : Typical shear stress-shear displacement curves for MTOC for smooth and 
moderately rough surfaces 

Publications: Buocz, 2015b. 
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5. Conclusions 

In this research, the shear strength properties along discontinuities of potential host rocks 

for radioactive waste disposal sites  were analysed. The samples tested were partly 

(Bátaapáti Granites and Claystones) originated from the Bátaapáti National Radioactive 

Waste Repository (Hungary), and partly (Opalinus Claystones) from the Mont Terri Rock 

Laboratory (Switzerland). Multi-stage direct shear strength tests and single-stage direct 

shear strength tests were carried out on these samples along discontinuities. 

From the results of the direct shear strength tests performed, a two-phase evaluation 

system was presented, aimed at the geotechnical characterisation of the investigated 

rocks. In the first phase evaluation, the interpretation of the test results and the 

determination of the mechanical properties of the rocks were performed according to the 

current practices adopted in rock engineering laboratories. In the second phase evaluation, 

a more in-depth analysis of the tests results was carried out, by introducing additional 

parameters which highly influence the shear strength and pointing out their importance in 

the interpretation of the results and determination of the shear strength. 

The comparison between multi-stage direct shear strength tests and single-stage direct 

shear strength tests proved that the choice of the type of direct shear strength test is the 

factor influencing the most the test results obtained. According to the tests results for the 

Bátaapáti Granites, the multi-stage direct shear strength tests underestimate the friction 

angle by 50%. For both Bátaapáti Granites and Mont Terri Opalinus Claystones, the effect 

of the inaccurate encapsulation of the samples caused significant changes in the test 

results as well: for a 4° angle between the shear plane and sample surface, the change in 

peak shear strength was found to be in the range of ±20%. The surface roughness was 

another parameter that influenced the magnitude of the peak shear strength. For Mont 

Terri Opalinus Claystones, this value was 15 % higher for moderately rough surfaces 

compared to smooth surfaces. The angle between the bedding plane and the shear plane 

influences the peak shear strength of Mont Terri Opalinus Claystones by 0.5 % per degree. 

The direction of the shear displacements as opposed to natural shear direction had 

conversely a smaller effect on the shear strength. 

Although the investigated rock types were studied having in mind their role as host rocks 

for radioactive waste disposal sites, the results obtained are applicable to any projects 

involving underground space development designed in such rocks. 
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