
Internation
Macedonia
 

 

 

 
 

What
prope

J. Spro
Division 
johan.spr
      0000-

      0000-
 

I. Pére
CINTECX
      0000-
 

Abstr
The Euro
second g
concern 
Europea
now hav
spatial v
determin
specifica
propertie
sliding s
from lab
importan
effect of
the scien
there are

Keyw
Eurocod

1 Int
The seco
parts are
2024b; 2

nal Society for R
an Association 

t are the
erties o

oss & F. J
of Soil and Ro
ross@byv.kth.
-0001-5372-75

-0002-8152-6

ez-Rey 
X, Universida
-0003-0883-72

act 
opean design
generation. T
the safety of

an countries, 
ve been desig
variability in
nation of the
ally how rep
es, like the fr
stability of d
boratory dire
nce of having
f the samplin
ntific rock en
e currently ve

words 
de 7, Represe

troductio
ond generati
e the general
2025), know

Rock Mechanic
for Geotechnics

e repres
of  a rock

Johansso
ock Mechanics
se 
519 

092 

de de Vigo, G
211 

n standard (c
The new cod
f dams and l
this will lik

gned using a
n rock mass
ir representa

presentative v
friction coeff
dams founded
ect shear test
g a sufficient
ng location. 
ngineering co
ery few studi

entative value

on 
ion of the E
l Eurocode E

wn as Euroco

ics and Rock E
cs 

sentativ
k joint?

on 
s, KTH Royal

GESSMin Grou

code) for geo
de has a larg
evees, as we

kely be a con
a European d
s properties 
ative values (
values can b
ficient of roc
d on rock. A
ts on the pea
t number of 
We hope tha
ommunity on
ies on this is

e, Dams, Roc

Eurocodes are
EN 1990 (CE
ode 7. The s

Engineering 

ve value

l Institute of T

up, Vigo, Spai

otechnical str
ger scope th
ell as rock en
nsiderable ch
design code. 
best is man
(formerly ch
be determine
ck joints, for 
As a basis for
ak shear stre
samples and
at this contri
n limit state 
sue. 

ck joint, Fric

e being pub
EN, 2023) a
second gene

R

s for th

Technology, St

in 

ructures – Eu
han the curre
ngineering st
hange, as ne
In this cont

naged in the
haracteristic v
ed using stat

verification 
r the investi

ength of rock
d the need fo
ibution will 
verification 

ction angle. 

lished. For r
and the three
eration aims,

ISR

Risk Managem
S

 

e mech

tockholm, Swe

urocode 7 – h
ent code: the
tructures abo
either rock s
text, there is 
e verification
values). In th
tistical metho
of the struct

gations in th
k joints. The
r a thorough
stimulate a b
of rock engi

rock enginee
 parts of EN
, among oth

RM Regional Sy
Eur

ment in Rock E
Skopje, 15-19 

hanical 

eden 

has been upd
e new code 

ove ground. F
slopes nor da

a need to st
n of limit st
his paper, w
ods for relev
tural safety r

he paper, we
e result illust
h understandi
broader disc
ineering struc

ers the most
N 1997 (CEN
her things, to

Symposium
rock 2026

Engineering
September

 

dated in a 
will also 

For many 
ams until 
tudy how 
tates, i.e. 

we discuss 
vant rock 
regarding 

e use data 
trates the 
ing of the 
cussion in 
ctures, as 

t relevant 
N, 2024a; 
o provide 

769

DOI: https://doi.org/10.68732/0f23ca20918ef38d ISBN: 978-9989-2053-6-1

https://doi.org/10.68732/0f23ca20918ef38d


   Eurock 2026, Skopje, RN Macedonia 
 

 
 

better applicability to above-ground rock engineering structures, such as rock slopes and rock 
foundations (Lamas et al, 2023). For the rock engineering community, this means a safety 
philosophical shift from applying deterministic safety factors to applying limit state design, which is 
based on a probabilistic view on structural safety (Hansen, 1956; Cornell, 1969). For practising 
engineers, limit state design implies safety verification using partial factors, which is a simplified, 
semi-probabilistic verification method.  

While the applicability of limit state design to design of rock engineering structures has been 
questioned on theoretical grounds in some papers (see e.g. Harrison, 2019; Cao and Harrison, 2021), 
the current literature is largely in the state of inquiry. There are also issues that need to be studied 
further regarding the practical application of limit state design to rock engineering structures. For 
example, Spross et al. (2025) noted that there is little to no guidance on how to determine 
representative values (either as statistically determined characteristic values or their subjective 
counterpart nominal values) for common rock engineering properties. There is also no guidance on 
how to determine and address the uncertainty of geometrical properties such as the orientation of 
discontinuities. 

For verification of rock slope stability, as well as sliding stability of concrete dams, the friction angle 
of the rock joint is a key parameter. In practice, the determination of the friction angle is often 
characterised by challenging sampling and consequently small datasets. In this context, there is a need 
to study how spatial variability in rock mass properties like the friction angle best is managed in the 
verification of limit states, i.e. the determination of their representative values. In this paper, we 
discuss specifically how representative values can be determined for friction angles of rock joints, for 
verification of the structural safety regarding sliding stability of concrete dams founded on rock. 

2 Limit state design principles for sliding stability 
According to limit state design concepts, structural failure is defined by the ultimate limit state, which 
can be described by a limit state function G(X), where X contains uncertain properties which are 
described as random variables. When G(X) < 0, failure occurs. Thus, the goal of the safety verification 
is to ensure that the probability P(G(X) < 0) is less than the acceptable failure probability ptarget. For 
sliding stability of a concrete dam founded on rock, the limit state function can be described by 𝐺 = 𝑁′ tan 𝜑 − 𝐸, where 𝑁′ is the effective normal force to the sliding plane, tan 𝜑 is the friction 
coefficient of the rock joint, and E is the driving force (action) along the sliding plane. Cohesion is 
ignored for simplicity. 

Applying partial factors in the safety verification EN 1990 (Eq. 8.1 in CEN, 2023), the design action 
Ed shall be smaller than the design resistance, Rd. Applying these concepts, we achieve 

𝐸ୢ ≤ 𝑅ୢ for 𝐸ୢ = 𝛾୊𝐹ୡ and 𝑅ୢ = 𝜏ௗ௜௦𝛾୑ = 𝑁′ tanሺ𝜑ሻ୰ୣ୮𝛾୑  (1) 

where 𝛾୊ and 𝛾୑ are partial factors, 𝐹ୡ is the characteristic value for the actions, τdis accounts for shear 
stress of rock-to-rock joint contact at failure, from an appropriate shear strength envelope, and tan(φ)rep 
is the representative friction coefficient of the rock-to-rock joint. The representative value tan(φ)rep can 
be determined either as a statistically evaluated characteristic value, or as a subjectively estimated 
nominal value. Both alternatives shall in principle yield the same representative value. In this paper, 
we focus on the determination of the characteristic value, for which Appendix A of EN 1997–1 
provides some guidance. Acknowledging that the friction coefficient for the rock joint along which 
sliding takes place is both spatially varying and associated with epistemic uncertainty, the friction 
coefficient for the joint can be described as a random variable. Depending on whether the limit state is 
considered sensitive to spatial variability of the friction coefficient or not, the characteristic value is 
defined either by the 5th percentile of the probability distribution or by the average value of the random 
variable determined with 95% confidence. This distinction is discussed further in section 4.  

Ideally, the characteristic value is determined from a large enough sample of laboratory tests of the 
friction angle from the relevant rock joint, allowing both the average value and the coefficient of 
variation to be statistically estimated from the data. The average value is estimated by its sample 
statistics tan 𝜑തതതതതതത = ∑ሾtanሺφሻ𝑖ሿ 𝑛⁄ , where n is the number of independent samples. Note that the average 
of the angles 𝜑ത ≠ atanሺtan 𝜑തതതതതതതሻ. The coefficient of variation is estimated from a probabilistic 
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The 8 determined friction coefficients, tan 𝜑p, displayed a mean value tan 𝜑തതതതതതത= 1.78, a sample standard 
deviation𝑠 ୲ୟ୬ሺ஦ሻ= 0.57, a maximum value of 3.04, and a minimum value of 1.21. (Subscript p for 
peak henceforth dropped for convenience). The difficulty in selecting a characteristic value does not 
lie solely in the statistical treatment of the data, but primarily in the geological representativeness of 
the samples. In rock engineering, uncertainty is often dominated by whether the tested discontinuities 
correspond to the actual governing sliding plane. To illustrate this distinction, three conceptual cases 
are considered, reflecting different assumptions in the probabilistic modelling. 

Case 1: All 8 samples are taken from the relevant rock joint (A) where sliding is expected to occur. 
The 𝑠୲ୟ୬ሺ஦ሻ captures the within-joint variability well, which however is of lesser importance as the 
mean value of the samples governs the limit state; thus Γ = 0. 

Case 2: The 8 samples are obtained from 8 different comparable rock joints within the general area 
surrounding the dam. The specific rock joint forming the critical sliding plane is assumed unknown, 
which means that this is a prediction problem of sliding along a random joint (Γ = 1). In this case, 𝑠୲ୟ୬ሺ஦ሻcaptures between-joint variability well but says nothing about the within-joint variability. 
Individual rock joints may exhibit significantly different frictional properties. 

Case 3: Only 4 samples are obtained from the governing sliding plane (A), and the other 4 samples 
from comparable discontinuities in the same geological domain. While this likely is the most realistic 
sampling scenario, the evaluation of 𝑠୲ୟ୬ሺ஦ሻ is less straightforward, as the samples represent a mix of 
both within-joint and between-joint variabilities. In fact, if plane A is known to be the governing 
sliding plane (Case 3a), it could be argued that the 4 samples from other joints have no effect: the 
problem reduces to Case 1 but with only n = 4 samples, and since Case 1 is governed by the mean 
value (Γ = 0), the between-joint variability is not of interest. In that case, the information from the 
other joints is not at all considered. With only 4 samples, the statistical uncertainty increases. 

However, if the governing sliding plane is unknown (Case 3b), we again have a prediction problem, 
but now we get information about both between-joint variability and within-joint variability (albeit 
only from one joint). In principle, it can be argued that this can be approximated by Case 2, if we 
assume that 𝑠୲ୟ୬ሺఝሻ evaluated from all joints now can represent both within-joint and between-joint 
variabilities. A more accurate assessment of Case 3b could be to set up a more advanced hierarchical 
model where both within-joint and between-joint variabilities are explicitly estimated, but that would 
require considerably more samples from all joints to be meaningful. Case 3b is therefore not further 
addressed in this paper. 

Error! Reference source not found. and Figure 2 present representative values for the friction 
coefficient, determined as statistically evaluated characteristic values from the data in Table 1 for Case 
1, 2 and 3a. Case 3a is represented by two results to illustrate the potential effect of random sampling, 
where (I) shows the result of “sampling” the four highest values of tan(φ) and (II) of “sampling” the 
four lowest values of tan(φ). 

 

Table 2. Friction coefficients corresponding to  
the three cases, assuming either a normal or  
Student’s-t distribution. 

Case Distribution 𝐭𝐚𝐧ሺ𝝋ሻ𝐫𝐞𝐩 
1 Normal 1.45 = tan(55.4°) 
2 Normal 0.782 = tan(38.0°) 
3a (I) Normal 1.66 = tan(59.0°) 
3a (II) Normal 1.27 = tan (51.7°) 
1 Student’s t 1.34 = tan(54.4°) 
2 Student’s t 0.631 = tan(32.2°) 
3a (I) Student’s t 1.45 = tan(55.5°) 
3a (II) Student’s t 1.21 = tan(50.4°) 
 

 

Fig. 2 Estimated Student’s-t probability distributions and evaluated characteristic values for the three cases. 
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4 Discussion 
It is clear from the results in Figure 2 that the location of the samples and the understanding of the 
sliding plane governing the failure mode have a considerable effect on the calculated characteristic 
values. Taking samples from a rock joint that is known to be the governing sliding plane provides a 
considerably larger characteristic friction coefficient, than if the sliding plane is unknown. Thus, it 
may be more cost-effective to try to determine the governing sliding plane and take a few samples 
from that joint, than to try to estimate the between-joint variability by taking samples from many 
different joints in the area. This effect also seems to be larger than the difference between using a 
normal distribution and Student’s-t distribution, at least for this type and amount of data. In this 
context, there is a note in EN 1997-1, paragraph A.8, saying that it is often “preferable” to use 
equation 3a with a conservative upper estimate of 𝜎୲ୟ୬ሺఝሻ, than using equation 3b. The code clearly 
gives room for engineering judgement for handling the small sample problem. As we see in comparing 
Cases 3a (I) and (II), randomness in sampling can affect 𝑠୲ୟ୬஦ considerably in small samples. 
Particularly interesting is the result of Case 3a (II): Even though this case applied the four lowest 
values of tan(φ), the evaluated representative value is considerably larger than that of Case 2, which 
considered 8 samples. The reason lies in the relatively small 𝑠୲ୟ୬஦obtained when the four lowest 
samples are in a rather narrow range. This illustrates the importance of applying these statistical 
concepts correctly to the situation at hand, as well as the potential effect of randomness in small 
samples. 

Worth noting is also that Eurocode 7 provides indicative values—table values—of 𝑉୲ୟ୬஦. For “all soils 
and rock”, 𝑉୲ୟ୬஦ is in the range of 5–15% (EN1997-1, Table A.1). This indicative value directly gives 
the standard deviation in equation 3a via𝜎୲ୟ୬ሺఝሻ = 𝑉୲ୟ୬஦ tan 𝜑തതതതതതത,as an alternative to determining 𝑠୲ୟ୬ሺ஦ሻ 
from the test results. Using the indicative value might be particularly tempting when there is a lack of 
data; however, our evaluation of the 8 direct shear tests from Ríos-Bayona et al. (2021) indicates that 
the variability can be considerably higher than that (we had𝑉୲ୟ୬஦= 32.1%), at least for this type of rock 
joints. 

Another important issue is that we assumed that the peak shear strength of a rock joint can be 
represented by the mean value of a series of tests taken from a single fracture, following the approach 
of Rios Bayona et al. (2022). They showed that the large-scale peak shear strength is equal to the mean 
value obtained from small-scale (borehole) samples. However, whether this constitutes an appropriate 
design strategy remains a matter of debate. Several researchers have reported a negative scale effect, 
where the shear strength decreases with increasing scale (e.g., Pratt et al. 1974, Barton and Choubey 
1977, and Bandis 1980). If such a negative scale effect exists, it means that our assumption may be 
unconservative. On the other hand, a comprehensive testing program recently carried out by Larsson et 
al. (2025) found no indication of a scale effect on the peak shear strength of rock joints. Nevertheless, 
further research is required before the assumption adopted in this paper—that the large-scale peak 
shear strength is equal to the mean value obtained from small-scale (borehole) samples—can be 
confidently applied in safety verification of dams. 

Another comment is that the representative value of tan(φ) in this study was derived from results 
obtained from direct shear tests. A common alternative approach to estimate the peak shear strength is 
to take samples from a discontinuity, measure their general characteristics, and apply that information 
to a failure criterion. If this approach is adopted, a transformation model error Vtr must be considered 
according to Eq. (2), which will further increase the variability. 

5 Conclusions 
In this paper, an illustrative example was used to discuss how representative values according to 
Eurocode can be determined for the friction coefficient of rock joints, when verifying the structural 
safety of concrete dams against sliding in the rock foundation. The example, which uses the peak 
friction angle obtained from 8 laboratory direct shear tests as input, clearly illustrates not only the 
importance of having a sufficient number of samples, but also the need for a thorough understanding 
of whether the samples are taken from the governing sliding plane or are randomly sampled within the 
foundation. If this is not known, the design engineer may be forced to adopt a conservative approach, 
which significantly influence the representative value of the friction angle used in the design. This 

773



   Eurock 2026, Skopje, RN Macedonia 
 

 
 

highlights the importance of a sound understanding of the site geology, adequate site investigations, 
and the development of a robust ground model. 

The discussed Case 3b provides the most complex collection of samples to evaluate statistically. This 
illustrates the fine balance between statistical rigour and practical feasibility—we see many potential 
pitfalls! Providing a reasonable sampling strategy for that situation and recommendation for the 
evaluation of the test results is an important topic for future studies. 
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