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ABSTRACT: Shear strength of a soil can be defined as the maximum shear stress that can resist by the internal
forces of the soil. Shear strength must be determined to solve the soil stability problems. The shear strength
parameters of the soil are cohesion and internal friction angle. These parameters can be determined in the
laboratory by the direct shear test, triaxial test and unconfined compression test. However, laboratory tests take
time and engineers want to define these parameters easily by using software. The development of the computer
technology presents abilities to model the soil behavior in civil engineering applications. In this study, triaxial
compression tests are performed on saturated clayey soils under different confining pressures. Unconsolidated-
Undrained test is chosen to identify short term behavior. After the experimental procedure, the test is modeled by
using the Plaxis program and the results are compared. Relationship between the results are presented.
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1. INTRODUCTION

Defining the soil parameters is the first step of the
all designs in geotechnical engineering. Especially,
shear strength must be determined for soil stability
problems. Shear strength of a soil is the maximum
resisting capacity under shear stress. Soils are gain
this capacity from the internal forces. Shear strength
is related to internal friction for coarse grained soils
and cohesion for fine grained soils, respectively. The
other factors affecting the clay soil strength can be
such as effective stress, plasticity, cementation,
moisture content, anisotropy and loading rate.

The soil strength parameters can be found by
using triaxial shear tests (consolidated-drained CD,
consolidated-undrained CU, and unconsolidated-
undrained UU), direct shear test, vane shear test,
unconfined compression test in the laboratory and
standard penetration test, cone penetration test,
pressuremeter test in the site. All of these test require
maximum care and time because experimental errors
can affect the results significantly. After determining
the parameters, soil strength is calculated by using
Coulomb theory, derived in 1776 [1]. Equation (1) is
given below and shear strength (t) is accepted just
about shear stress on the failure plane [1].

7, =C+0o'(tang) 1)

where; ¢ is cohesion ¢ is angle of internal friction and
o' is effective stress.

Mohr-Coulomb failure criteria is used to define
soil stress concept. Stress conditions at failure in a
soil mass is given in Fig. 1.
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Fig. 1 Mohr’s circle and failure envelope

If the failure plane makes an angle 6 with the
major principal plane, the normal stress and the shear
stress on the plane are given in Eq. (2) and (3).
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Many researchers studied shear strength of the
soils in the literature. Some of them determined the
parameters by using some laboratory tests and field
tests or developed new test methods [2], [3], [4], [5].
Some researchers used numerical and statistical
methods for modelling the soil strength [6], [7], [8],

[9].
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Nowadays, shear strength problems are solved by
using software to save time. The soil behavior can be
modeled by softwares using finite element or finite
differences methods. Thus, soil stability problems
such as bearing capacity, slope failure etc. can be
easily solved. In this study, triaxial compression tests
are performed on saturated clayey soils under
different confining pressures. Unconsolidated-
Undrained (UU) test is chosen to identify short term
behavior of clayey soil. After the experimental
procedure, the test is modeled by using the Plaxis
program and the results are compared. Relationship
between the results are presented.

2. MODELLING AND METHODS

In this study; Plaxis 2D performed to determine
soil behavior. Plaxis is a commercially available
program which is using finite element method and
commonly used in civil engineering applications [10].
Example screen of the Plaxis menu is given in Fig. 2.
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Fig. 2 Example screen of the Plaxis menu

Plaxis 2D consist of three steps; input, calculation,
and output. Geometry, is created and materials data is
identified in the input step. After meshing procedure,
loads are marked in the calculation step. At the end of
the calculation step, deformations and force graphs
can be seen in the output segment.

Areas and surfaces are formed by 6-node or 15-
node triangular elements in Plaxis 2D [10]. In this
study, 15-node analysis were chosen due to
considering sensitivity. The finite element mesh is
generated when the geometry model is complete. The
mesh generation records whole position of points and
lines in the model [10].
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2.1 Experimental Procedure

Test soil is taken from a construction site in the
city of Eskisehir, Turkey. After boring, soil index
properties determined such as moisture content,
atterberg limits, specific gravity, sieve analysis, and
hydrometer. Standard proctor tests are also performed
on the samples. Basic characteristics of the soil are
given in Table 1.

Table 1 Basic characteristics of test soil

USCS MH-OH
on (%) 30,20
oL (%) 85,00
op (%) 20,00
®opt (%) 49,00
Gs 2,52
Gravel (%) 0,32
Sand (%) 12,50
Silt (%) 64,18
Clay (%) 23,00

The reconstituted samples have 70 mm in
diameter and 140 mm in length. In this study samples
were prepared by compacting with optimum moisture
content. Unconsolidated-Undrained triaxial test is
performed on the compacted samples. The test
procedures were designed according to the ASTM
D2850. A test sample is given in Fig. 3.

L]
Fig. 3 A test sample

The confining pressures are chosen 10, 20 and 30
psi and the deviator stress are applied to the failure.
Shear stress parameters are found by drawing the
Mohr’s circles. Detailed information is given in Table
2. Mohr’s circles are also given in Fig. 4.
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Table 2 Test Details

Sample A B C
Confining
Stress 10,0 psi 20,0 psi 30,0 psi
Deviator
Stress 20,4 psi 28,7 psi 35,7 psi
Principal
Stress 30,4 psi 48,7 psi 65,7 psi
Max.
Strain 6,0 % 8,0 % 9,0%
Cohesion 4,99 psi 4,99 psi 4,99 psi
Friction
angle 16° 16° 16°
T
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Fig. 4 Mohr’s circles of the test samples
2.2 Modelling Procedure

Plaxis is using different soil models to define soil
behavior such as Mohr-Coulomb Model, Hardening
Soil Model, Soft Soil Model, Soft Soil Creep Model,
Jointed Rock Model and Madified Cam-Clay Model.
Mohr-Coulomb Model is chosen for this study.
Because it is commonly used and not required extra
soil parameters. The behavior is linearly elastic and
perfectly plastic in this model that needs Young’s
Modulus, Poissons Ratio, and cohesion, internal
friction angle and angle of dilatancy [10].
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Fig. 5 Model screen

Plaxis modelling is prepared with considering
boundary conditions, loading and soil properties.
Modulus of elasticity is calculated from the initial
part of stress-strain graphs of the samples. Confining
pressures are applied as the triaxial test at top and two
sides. Three dimensional effect is ignored because of
the 2D analysis. Deviator stress are applied at the top
and the deformations are determined. Model details
are given in Table 3.

Table 3 Model Details

Sample A B C
Soil Mohr- Mohr- Mohr-
Model Coulomb  Coulomb  Coulomb
Cohesion 4,99 psi 4,99 psi 4,99 psi
Friction 16° 16° 16°
angle
Young 2875 2875 2875
Modulus KN/m? KN/m? KN/m?
Dilatancy 0 0 0
angle
Polssons 3 03 03
Ratio
3. RESULTS

Plaxis models are performed and strains are
calculated. Maximum strains are compared with the
triaxial test results. The comparisons of the maximum
strains are given in Table 4.
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Table 4 Strain Values

Sample A

Max.
Strain
(Triaxial
Test)
Max.
Strain
(Plaxis
Model)

6,0 % 8,0 % 9,0%

59 % 8,1% 9,1%

The results shows approximately similar values
despite the lack of two dimensional analyses. Mohr-
Coulomb model is known as conservative model and
gives safe results. In this study Mohr-Coulomb model
simulate the results safely. Strain value in the Plaxis
is a bit less in the first model but it is negligible.

4. CONCLUSION

In this paper, the comparison between the
laboratory tests and computer modelling are
presented. Unconsolidated-Undrained triaxial test is
performed in the experimental analyses and Plaxis 2D
is performed to simulate these test results. The strain
results under the loading and modelling are presented.
Based on the results, the following conclusions can be
drawn:

— The study shows similar results as the literature.
Mohr-Coulomb model shows approximately
similar values as laboratory tests, and gives safe
results. For sample A, 6,0 % strain is obtained
from the test and 5,9 % strain is obtained from
the Plaxis. For sample B, 8,0 % strain is
obtained from the test and 8,1 % strain is
obtained from the Plaxis. For sample C, 9,0 %
strain is obtained from the test and 9,1 % strain
is obtained from the Plaxis.

If more sensitive results are desired 3D analysis
should be done with considering the third
dimensional confining effect.

Presented values can be used in geotechnical
applications.

5. REFERENCES

[1] Das BM, Principles of Geotechnical Engineering,
Pws-Kent Publishing Co., 1990, ch. 8.

1110

[2] Alikonis A, Amsiejus J, Stragys V,
“Improvement of shear box apparatus and
methodology of test”, in Proc. Soil Mechanics
and Geotechnical Engineering, The 12th
European Conference, 1999, pp. 1053-1057.
Guo P, “Modified direct shear test for anisotropic
strength of sand”, Journal of Geotechnical &
Geoenvironmental Engineering, vol. 134(9),
2008, pp. 1311-1318.

Matsuoka H, Liu SH, Sun DA, “A new in-situ

direct shear testing method for rockfill materials

sands and clays”, in Proc. of the 15th

International Conference on Soil Mechanics and

Geotechnical Engineering, 2001, pp. 455-458.

Verveckaite N, Amsiejus J, Stragys V, “Stress—

strain analysis in the soil sample during

laboratory testing”, Journal of Civil Engineering

and Management, vol. 13(1), 2007, pp. 63-70.

Amsiejus J, Dirgéliené N, “Probabilistic

assessment of soil shear strength parameters

using triaxial test results”, The Baltic Journal of

Road and Bridge Engineering, vol. 2(3), 2007, pp.

125-131.Author H, A Book. New York:

Publisher, YT, ch. 3.

Dounias GT, Potts DM, “Numerical analysis of

drained direct and simple shear tests”, Journal of

Geotechnical Engineering, vol. 119(12), 1993,

pp. 1870-1891.

Jacobson DE, Valdes JR, Evans TM, “A

numerical view into direct shear specimen size

effects”, Geotechnical Testing Journal, vol.

30(6), 2007, pp. 512-516.

Zhang L, Thornton C, “A numerical examination

of the direct shear test”, Geotechnique, vol. 57(4),

2007, pp. 343-354.

[10]Brinkgreve, RB, Vermeer, PA, Plaxis Ver. 7.2
Manual Finite Element Code for Soil And Rock
Analyses, Balkema, 1998.

[11]ASTM D2850 Standard Test Method for
Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

(3]

[4]

(5]

(6]

[7]

(8]

[

Int. J. of GEOMATE, Dec., 2014, Vol. 7, No. 2 (SI. No.
14), pp. 1107-1110.

MS No. 4368 received on Sept. 06, 2014 and reviewed
under GEOMATE publication policies.

Copyright © 2014, International Journal of
GEOMATE. Al rights reserved, including the making
of copies unless permission is obtained from the
copyright proprietors. Pertinent discussion including
authors’ closure, if any, will be published in the Dec.
2015 if the discussion is received by June 2015.
Corresponding Author: M. Inanc Onur




	1. INTRODUCTION
	2. MODELLING AND METHODS
	4. CONCLUSION
	5. referenceS

