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In-situ and Laboratory Testing

By Manfred Blümel and Stephan Semprich

Böschungsinstabilität –
In-situ- und Laborversuche

Mit Hilfe von In-situ- und Laborversuchen
können boden- und felsmechanische Para-
meter bestimmt werden. Welche Versuchs-
methoden geeignet sind, hängt von den je-
weiligen Randbedingungen ab. Böschungs-
untersuchungen stellen für die Versuchs-
technik eine besondere Herausforderung
dar, da oft stark gestörtes, verwittertes Ma-
terial angetroffen wird und herkömmliche
Methoden der klassischen Boden- bezie-
hungsweise Felsmechanik nicht ausreichend
geeignet sind. Eine umfassende Betrachtung
der jeweiligen Randbedingen ist daher be-
sonders wichtig. In dieser Arbeit werden ei-
nige Beispiele von Versuchsmethoden vorge-
stellt.

The mechanical parameters for soil and rock
can be determined with in-situ and laborato-
ry tests. The appropriate methods are de-
pendent on the boundary conditions expect-
ed in the field. Especially slope stability anal-
ysis are a challenge for testing techniques,
because one often have to deal with faulted,
weathered rock masses where the classical
soil and rock mechanics approaches are not
sufficient enough. Therefore, a comprehen-
sive view considering the relevant boundary
conditions is of utmost importance. This pa-
per shows some examples of advanced test-
ing methods, which begin to address some of
these insufficiencies.

In order to estimate the risk of slope instabili-
ties, representative parameters to describe the

soil and rock material behaviour are needed.
Geotechnical parameters could be separated into
different groups, like geophysical, mineralogical,
hydrological, and mechanical parameters in ad-
dition to parameters that describe the rock mass
structure. However, these groups should not be
separated, because they are all part of a sphere of
influence on the material behaviour. For in-
stance, a variation in the mineralogical and hy-
drological parameters influences the mechanical
parameters. The relevant boundary conditions
and parameters for a certain project should be
discussed in the investigation phase. For this
complex matter, teamwork between geologists,

Fig. 1 Some exem-
plary factors of in-
fluence on strength.
Bild 1 Einige Ein-
flussfaktoren auf die
Festigkeit.

Fig. 2 In-situ direct
shear test.
Bild 2 Direkter
In-situ-Scherversuch.

geophysicists, and engineers is necessary to ade-
quately characterize complex geologic situations
for engineering purposes. Apparently simple
questions like: “What are the adequate test meth-
ods, the location of the test or specimen, the
amount of tests and how can we get appropriate
samples?” are important.

To achieve a realistic evaluation, specifying
representative procedures and the testing pro-
gramme is necessary. The determination of pa-
rameters in laboratory and in-situ tests is an
essential part of the characterization process.
Because rock and the rock mass is inhomogene-
ous, one have to deal with wide distributions in
the parameter values and to determine which
parameters are necessary for a given rock mass
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Some exemplary factors that influence the
strength are shown in Figure 1. Each of these
influence factors can change the strength param-
eter. If a non-comprehensive view is considered
reasonable results we cannot be expected. To
formulate the facts there are different stages,
identification, classification, characterization,
interpretation and verification. Quantifying the
rock and rock mass behaviour will always be a
challenge; appropriate testing procedures and
analyses are the first step for a more realistic
evaluation. Therefore, testing and the testing
results should not be irrespective of the entire
project.

Testing methods can be divided into two
groups, in-situ and laboratory tests, depending
on where the tests are performed. Typical in-situ
tests, performed without removing samples from
their natural position, are geophysical tests, pie-
zometer tests, large-scale tests (e.g. in-situ shear
test, embankment test), tilt test, torque vane test,
penetrometer or dilatometer tests. The usual
laboratory tests are direct shear tests, unconfined
and confined compression tests, determination of
water content, density, plasticity, mineral com-
position, permeability tests, (particle) grain size
analysis, thin sections, swelling tests, etc.

The classical mechanical parameters for slope
stability analysis are cohesion, friction, dilatancy,
shear stiffness (hardening and softening), (joint)
compressive strength, joint asperity geometry
(roughness coefficient). Because the failure
mechanisms are a very complex process and
influenced by the boundary characteristics, as
mentioned before, it is often necessary to leave
standardized procedures.

This paper shows some examples of tests to
determine the mechanical parameters for slope
stability problems.

In-situ tests of quaternary soil

The first example describes test procedures used
to investigate the shear strength of quaternary
soil. The most relevant strength parameters, the
cohesion and friction angle, of fine-grained soil
such as clay or silt are very often investigated by
direct shear tests or triaxial tests. These tests are
carried out on undisturbed soil samples in a
laboratory. For cohesive soils, sampling and test
preparation is typically unproblematic. However,
retrieving high quality, undisturbed samples in
cohesionless materials is very difficult and often
requires additional techniques such as freezing.
Besides, coarse soils, such as gravels, require
relatively large sample dimensions and respec-
tively the test equipment.

With respect to economical reasons investiga-
tions of the shear strength of coarse soils are
mostly performed on disturbed probes, which
consist only of the soils fine grain portion because
the coarse grains are removed by sieving previ-
ously. Consequently the expressiveness of results

Fig. 3 Results of
direct shear tests.

Bild 3 Ergebnisse
der direkten Scher-

versuche.

Fig. 4 Gravel pit
with a slope inclina-
tion of 80°.
Bild 4 Schotter-
grube mit einer
Böschungsneigung
von 80°.

Fig. 5 Large scale
in-situ test for waste
removal at Fischer
Deponie, Theresien-
feld, Austria.
Bild 5 In-situ-Groß-
versuch für die Räu-
mung der Fischer
Deponie, Theresien-
feld, Österreich.

to properly convey lab behaviour to the real
situation.

The shear strength is the main parameter for
slope stability analysis and can be described by
either a linear or non-linear failure criterion. One
must recognize that strength is not an independ-
ent parameter. Strength can only be described if
the boundary conditions are defined. This is also
valid for a differentiation between the peak and
residual strength.
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Fig. 7 Multiple failure
triaxial test results.
Bild 7  Ergebnisse
eines Mehrstufen-
Triaxialversuchs.

Fig. 6 Rock mechanic
laboratory equipment.
Bild 6 Felsmechanik

Laborausstattung.

The results of six in-situ shear tests performed
with different normal stresses are shown in Figure
3. Based on these results, a cohesion ck = 30 kN/m2

and a friction angle ϕk = 40° have been derived.
These figures have been used for stability analyses
of slopes for several gravel pits (Figure 4).

A similar task appears at waste disposal site, the
„Fischer Deponie“, located 20 km east from the
above mentioned construction site with the same
subsoil conditions. At the Fischer Deponie slopes
with heights up to 20 m have to be designed.
However, for the first phase of stability analyses no
site-specific strength data from shear tests either in
the laboratory or in-situ were provided. Conse-
quently, strength parameters were chosen with
conservative values: ck = 26,5 kN/m3 and ϕk = 35°.

For a second phase of analyses investigating
more economical solutions undisturbed site specif-
ic shear strength values are desired. These revised
values will be derived from a large-scale in-situ
test, which includes a variation of the inclination of
a 18 m high slope up to 80° (Figure 5). This test will
be executed in March 2003. Because of the relative-
ly high failure risk, people are not allowed to stay
within a fenced-off protected area, which could be
covered by soil in case of a slide. This unusual
procedure is chosen to derive representative shear
parameters for the gravel layer of Vienna Basin. No
other method leads to more realistic results when
considering sample disturbance and scale effects.
This test even accounts for the potential distur-
bance due to the construction methods.

Rock mechanic laboratory tests

State-of-the-art testing equipment allows new
types of testing procedures to determine the me-
chanical parameters of joints and intact rock. High-
response servo hydraulic systems (Figure 6) with
digital control technology, strain measurement
equipment mounted onto the specimen and pro-
grammable control modes, enable new types of test
procedures to be performed, which are tailored to
the specific problem (1). The correct interpretation
of test results depends on the quantity and especial-
ly on the quality of the laboratory tests with the goal
of obtaining as much information as possible about
the rock properties from each test or group of tests.

Specimens for rock testing that are representa-
tive of the rock mass behaviour are extremely
difficult to obtain. Even drilling cores, which are
suitable for uniaxial or triaxial tests, often cannot
be used due to sample defects. Therefore, this
biased selection of the specimens can have a great
influence on the results. This is especially true for
weak rock or highly fractured rock, where the
mechanical parameters are even more important
for stability investigations.

Compression tests

The ability to apply different stress paths and
boundary conditions to a given sample or suite of

from laboratory shear tests of coarse grain soils is
limited and in important cases in-situ shear tests
are necessary.

Figure 2 shows an in-situ shear test carried out
on a construction site 50 km south of Vienna using
simple test equipment. In this test, quaternary
gravel of the Vienna Basin has been investigated.
This sandy gravel respectively very sandy gravel
fills up the Vienna Basin down to 80 m and is very
often used as an aggregate for concrete mixing. In
an undisturbed soil condition, the grains are
slightly cemented with calcium precipitates.
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Fig. 8 Stiffness controlled shear test evaluation.
Bild 8 Auswertung eines steifigkeitskontrollierten Scherversuchs.

samples allows different failure modes to be inves-
tigated in the laboratory. The uniaxial test is the
most frequently used rock mechanics test, but
provides only elastic properties and a single fail-
ure value derived from a very simple stress path
(2). With computer controlled feedback it is possi-
ble to follow different stress paths by varying the
axis symmetric confining pressure and the axial
compression of a rock cylinder. The use of com-
puted automated controls allows to perform multi-
ple loading cycles on the same specimen. After
each peak load for a given confining pressure, the
deviatoric stress is reduced to zero and the sample
is loaded hydrostatically to the next confining lev-
el. Thus, the progressive stress history of a single
sample can be monitored instead of using differ-
ent samples (with different microstructure?) at
each stress state and combining the results to esti-
mate the progressive stress behaviour of the “in-
tact” rock (Figure 7). This allows a more realistic
evaluation of the intact rock strength, and thus the
rock mass strength, resulting in more realistic
predictions and interpretations of the in-situ rock
mass behaviour.

Shear tests

The simplest case for shear failure is a single block
resting on a plane. With this simple case a failure
criterion is needed in which the principal stress
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Fig. 11 Diagram of the stress paths depending on the shear direction and test
control mode.
Bild 11 Spannungspfade in Abhängigkeit von der Scherrichtung und der Versuchs-
prozedur.

situation is not changed. This can be performed in
the laboratory with a constant normal load direct
shear test. In many slopes, the failure mechanism
will not be this simple and more representative
boundary conditions should be used. To investi-
gate the shear behaviour and failure characteris-
tics of both fracture surfaces and weak intact rock
automated testing procedures are used to per-
form tests with different boundary conditions (3).
This enables the execution of modified shear tests,
which are behaviour specific. Usually one have to
deal with embedded blocks side by side where the
acting normal forces on the joint planes change
and so the overall principal stress distribution
varies. For example, stiffness controlled tests can
be used to evaluate the ultimate shear strength for
different boundary conditions, and also allows the
recognition of the different failure modes that
occur during shearing. The volumetric strain be-
haviour, the so-called dilation or contraction is
used as the feedback control mode for the vertical
stress. This test method is the most appropriate
test method for evaluating a material´s shear
behaviour yielding the shear and normal stiffness,
dilation potential, cohesion, and the initial and
ultimate friction angles (4). In Figure 8, a screen-
shot of the laboratory data evaluation programme
for a stiffness controlled shear test is shown. Multi
failure state shear tests (under constant normal
loads) as well as various combinations of test
control procedures can be performed on a single
sample eliminating the effects of sample variabil-
ity on the failure envelope.

For highly anisotropic and weak rocks, such as
Phyllites (Figure 9), the acquisition and prepa-
ration of samples for compression tests often
results in a highly biased selection of stronger
samples due to difficulties in specimen prepara-
tion. The preparation effort is much less for direct
shear testing, thus allowing the testing of the
weaker material, as well as the highly competent
material using the same procedures. To deter-
mine the anisotropic behaviour, a sample can be
placed at any orientation within the shear box to
evaluate the strength and failure processes asso-
ciated with a shear direction that is not directly
parallel to the preexisting discontinuity structures
(5). In Figure 10 pictures of a weak faulted Phyllite
specimen, and a hard intact Phyllite tested normal
to the foliation, are shown, which were taken after
a constant normal stiffness test. The observed
failure modes look similar to different zones with-
in the failing rock mass shown in Figure 9. The
evaluation of such shear tests shows that the
strength is influenced by a complex interaction
between sliding friction, dilation, and cohesion.
The use of constant normal load shear tests (CNL)
does not really test the rock strength but the
resistance to shear at a certain normal load,
which may be appropriate under certain bounda-
ry conditions. Constant normal stiffness testing
procedures (CNS) can be used to define a sample´s
“ultimate shear strength” which is the natural

Fig. 10 Pictures of specimen taken after a constant normal stiffness test.
Bild 10 Probenbilder nach steifigkeitskontrollierten Scherversuchen.

Fig. 9 Foliated rock, shear zone.
Bild 9 Geschiefertes Gestein, Scherzone.



BLÜMEL AND SEMPRICH: SLOPE INSTABILITY – IN-SITU AND LABORATORY TESTING

FELSBAU 21 (2003) NO. 2 45

R
O

C
K

 S
L

O
P

E
S

Fig. 13 Mohr-Coulomb envelope for large-scale shear box test for remolded speci-
mens (maximum grain size 63 mm) and standard shear test (maximum grain size 4 mm).
Bild 13 Mohr-Coulomb Bruchkriterium für den Großscherrahmenversuch (maximale
Korngröße 63 mm) und Standard-Scherversuch (maximale Korngröße 4 mm).

Fig. 12 Picture of
large-scale shear
box test for remold-
ed specimens
(30 cm x 30 cm).
Bild 12 Foto eines
Großscherrahmen-
versuchs für gestör-
tes Probenmaterial
(30 cm x 30 cm).

response to simple shearing (Figure 11). For com-
pletely destroyed specimens, like sheared loose
rock material, a frame shear laboratory test can
be done on the disturbed samples. For a standard
soil mechanic shear test the maximum grain size
is 4 mm. In a larger shear frame it is possible to
test a remolded rock-soil mixture, like is often
found in natural shear zones (Figure 12). The
different results of both shear tests are shown in
Figure 13. In this case, the determined friction
angle and the cohesion on the sieved material was
almost the same, but the residual friction of the
fine grained material after shearing several times
on the shear joint was about half the value when
compared to the material that still contained
blocky material in the matrix.
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