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1. Introduction

For the geotechnical solution of the stability gesbs it is necessary to know a value
of the shear strength of natural rock environm@iite most frequent stability tasks in
engineering practice are solved by following cadtioins:

- bearing capacity of foundation [1-4],

- slope stability [1-2],

— earth pressure on the retaining wall and undergistructures [1] and [4].

Building structures are most often founded in calidsss or cohesive soils, i.e. non-
strengthened (mechanically and chemically failen)ks. For laboratory assessment of
shear strength in the engineering practice thevietig equipment is usually used:
a) direct shear box device (used for cohesionle$s-sands and cohesive soils — clay
and loam) in accordance with STN 72 1030 [5],
b) triaxial device (used for cohesive soil — clayddoam) in accordance with STN
721023 [6].

Shear strength of soils according to Coulomb’s t}h¢8] is defined as a shear stress

on the failure limit as follows:

T=0ltgg+c (1)

where: 1 - the shear strength of so#, — the angle of internal friction of soil, ¢ — the
cohesion of soil.
In cohesionless soils (gravels, sands), c=0dar@ in cohesive soils (clay, loam) c>0
and¢>0; for ideally cohesive (extremely plastic clay)ls@>0 andp=0. From relation (1)
it is obvious that the value of the shear streigfainctionally dependent on the intensity of
the normal stress. Parameters of shear strengtit)(are dependent on the boundary
conditions for realized shear tests. With respeatarious choices of boundary conditions
for the shear test, the following types of tests loa classified [8]:
a) consolidated drained tests (label “CD"); theeefive parameters of shear strength
(der, Cer) are obtained,
b) consolidated non-drained tests (label “CU"); theal parameters of shear strength
(¢, @) and the effective parameters of shear strenigthdy) are obtained,
¢) non-consolidated non-drained tests (label “UUNe total parameters of shear
strength ¢, ¢,) are obtained.
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The correct choice of the type of shear test feaslstrength assessment depends on
the type of solved geotechnical problem, i.e. oarfalary conditions of the solved problem.

2. Direct box shear test
Methodology, boundary conditions and interpretatidrdirect box shear test results

are defined in detail in STN 72 1030 [5]. Boundaonditions of direct box shear test are
schematically shown in fig. 1.

AT>0

LLLLLLLL

SOIL SAMPLE

. e . e D s

|: —P—DT—P s ]
Ax>0 ~|7'

Fig. 1. Boundary conditions of direct box sheat.te

The predetermined shear plane (failed area) and tfptest "CD” (consolidated
drainage test) are the basic boundary conditidifse test is performed in a way that, that
the drained tested sample is loaded with constambal stressdi). After the consolidation
of the sample the shear displacement is applieitithetfailure of sample due to the shear
stress (i.e. achieving the shear strength). Tirheetjuired to achieve the consolidation of
the sample can be calculated from the formula:

2
t = 2H , (2)
C

v

where:H - maximal drainage path (in bidirectional drainagées half of sample height),
¢, — soil consolidation coefficient.

Shear device can be a box of square (the most esisa) or circular cross section
with a ratio of height to length (or diameter) 1a31:5. From the viewpoint of the method
of horizontal displacement coating, the device oaprate with controlled displacement
rate (constant displacement and variable sheass$toe with controlled shear stress (shear
stress is constant and rate displacement is vajiaRhte of shear displacement depends on
the soil type.

In the direct shear box test the effective parameaiepeak and residual shear strength
are assessed. Shear test is realized using at freastdifferent normal stresses (for
determination of peak parameters) or at least thidferent normal stresses (for
determination of residual parameters), respectivEhe values of the normal stresses are
chosen with respect to the designed (supposedpstienge due to additional loading from
the building structure. Shear stress (or sheasteexe) t“ on the predetermined sliding
surface is calculated according to relation:

r=—, Q)
A

where:T is shear forceA is sample area.
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The advantage of the direct shear box test isimplgity and the fact that the 3D
state of stressc> 0,> g3) corresponds well to real conditions of soil fadluOn the other
hand, the disadvantage of the test is the fact thatfailure area is predetermined by
position of the box walls.

The practical example of direct shear box testuatan for cohesive soil (clay with
low plasticity) is given in [7]. Stress-strain diagn of shear test is given in Fig. 2. The
curve of shear strength with evaluation of effeztiesidual and peak parameters (angle of
internal friction and cohesion) is shown in Fig.Te parameters of shear strength belong
to the most important input data required for asialyof stability problems in
geomechanics.
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Fig. 2. Stress-strain diagram of direct sheartask(for clay with low plasticity) [7].
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Fig. 3. Evaluation of direct shear box testurve of shear strength with peaks and resi
parameters (for clay with low plasticity) [7].
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3. Triaxial shear test

Methodology, boundary conditions and interpretatibitriaxial shear test of soils are
defined is detail in STN 72 1023 [6]. Boundary cibioths of triaxial shear test are
schematically showed in Fig. 4. Display the appligad on the soil sample in the triaxial
chamber is on Fig..9n the triaxial device we can choose boundary @t for different
types of shear tests (CD, CU, UU) in which we detae effective and total parameters of
soil shear strength (angle of internal friction amdhesion). In the triaxial test the 3D state
of stress acts on the cylindrical sample of colesoil (height: diameter = 2:1). Shear
strength of soil is evaluated in sense of Mohreotly of failure [8]. Example of evaluation
of soil shear strength by envelope line of Mohirsle is shown on Fig. 6.
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Fig. 4. Boundary conditions of triaxial test.

PI: (Glu - G3u).A

[ 1 - sample of soil (vertical section)
O3y | Oau 7 2 - lower base of sample
33— 3 - upper base of sample
\l/ \l/\l/ 4 - porous (filtration) plate
6 5 - elastic (waterproof) membrane
6 - rubber sealing rings
7 - inner contour of triaxial chamber
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Fig. 5. Display the applied load on the soil saariplthe triaxial chamber .
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1 - shear strength line (envelope line of Mohr's circle);
o - normal stress; T - shear stress; ¢ - cohesion of soil;
¢ - angle of internal friction of soil; T - shear stress under soil failure;
or — normal stress under soil failure; o1r — maximal principal stress under soil failure;
o3 - minimal principal stress under soil failure; pr — center distance of Mohr circle from
the beginning of coordinate system; gs — diameter of Mohr circle

Fig. 6. Example of evaluation of soil shear sttbrigy envelope line of Mohr's circle.

Advantages of test:
- more accurate regarding of stress and straiasst#tchanges in subsoil,
- providing information about neutral stressesubsil,
- soil failure in location with smallest shear sigéh.
Disadvantages of test:
- complicated preparation of samples and devicehoumlogy of test),
- complicated determination of real path of stresse
- state of stress of the sample is axis-symmetiiogt o, = g3) which does not
correspond to the real state of stress in sulbepil 0,> 73).
The triaxial device is usually used for assessroéttie shear strength in more complicated
building structures.

4. Conclusion

Assessment of sail strength parameters (angle tefrial friction and cohesion) is
important for solution of large number of stabiliproblems (e.g. bearing capacity of
foundation, slope stability, earth pressure cattuta etc.). Due to this fact it is important
to devoted large attention to correct choice offrods for determining the shear strength as
well as and to the choice of the boundary cond#tiohtests (CD, CU, UU). The use of
different parameters of shear strength (total dective parameters, peak or residual
parameters) depends on the real boundary conditiosisbsoil. Boundary conditions are
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usually changing during the lifetime of buildingrgttures. This fact has affects
significantly the assessment of the reliabilitystriictures.
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POUZITIE EXPERIMENTALNYCH SKUSOK SMYKOVEJ PEVNOSTI
ZEMIN V GEOTECHNICKYCH VYPO CTOCH

Zhrnutie

Prispevok sa zaobera experimentalnynfovanim Smykovej pevnosti sudrznych
zemin v laboratérnych podmienkach. PodrobnejSigesaijeme problematike ¢ovania
charakteristik Smykovej pevnosti (uhlu vnatornéhrenta a sudrznosti). Stanovenie
Smykovej pevnosti stdrznych zemin (ilovitych a itfich) je nevyhnutné pre spahlivy
navrh geotechnickych konstrukcii Zdaiska postdenia pta 1. skupiny medznych stavov
(4nosnos).
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