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Abstract. When determining the soil strength parameters with direct shear box devices, the values of the parameters are
influenced by devices construction. In assessing this effect, it is necessary to know the magnitude of the vertical stresses
and the nature of the distribution in the shear plane. The soil shear resistance depends on the size of the vertical stresses
and the nature of the distribution in the shear plane. These factors depend on the interaction of the soil with the vertical
walls of the device, i.s. friction between the soil and the walls. At the beginning of the test, the vertical stresses on the
shear plane will be lower than the added pressure at the top of the sample, however the stresses increases due to dilation
during the test. Before the test ends, the stresses in the shear plane will be higher than at the top of the sample. The
article has presented the nature of the vertical stresses distribution on a horizontal plane when using direct shear box
device. The analysis was performed using the PLAXIS 3D software.
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Introduction

At present, the triaxial and direct shear tests are most widely using tests to determining shear strength parameters.
Direct shear test as simple and relatively cheap it is using very often. During this test, a specimen is placed in a rigid
square or circular shear box and shearing linear sliding of one-half of the shear box relative to the other. A specimen
of soil is laterally restrained and sheared along mechanically formed horizontal plane while is subjected to vertical
stress applied normal to that plane. The size of the normal stresses and the nature of the distribution in the shear plane
affect the size of the tangential stresses. The soil shear strength is resistance to tangential stresses in the shear plane.
The construction of the direct shear devices has an influence on the values of the soil strength parameter. As influencing
factors can be sample size and interaction of the soil with device vertical walls (Bareither, Benson, & Edil, 2008; Cerato
& Lutenegger, 2006; Moayed, Alibolandi, & Alizadeh, 2017). The construction of the direct shear devices using in
different countries varies. The most widely used devices with a mobile lower box. ISO 17892-10 (International Organ-
ization for Standardization, 2008) offer two construction models: one — shear box test apparatus, other — ring shear
apparatus. In plane square or circular shear box is divided horizontally into two rigid halves. They shall form a square
or circular prism with a smooth internal surface. The design shall allow shearing by a small, controlled vertical dis-
placement without tilt. One-half of the shear box shall be able to move smoothly and parallel to the other half. The
shear box should be designed for a specimen with a minimum initial height of 20 mm. According to ISO 17892-10 the
ratio of the specimen width or diameter to height should not be less than 2, 5. The loading cap can tilt without jamming
and be rigid and sufficiently large to transmit the vertical load uniformly to the specimen. The factors that influence
the determination of the shear strength parameters are: the distribution of stresses in the shear plane, the friction be-
tween soil and devices walls and therefore not full vertical pressure added to the top of the sample is passed to the
shear plane; horizontal displacement speed (Wu, Matsushima, & Tatsuoka, 2008). It is generally accepted that the
vertical pressure added to the top of the sample is transmitted completely to the cutting plane. However, friction forces
are formed between the soil and the vertical walls of the device, the size of which depends on the size of the vertical
pressure and the area of the contact surface. Friction between the soil and device walls affects the nature and size of
the normal pressure distribution in the shearing plane (Kostkanova & Herle, 2012; Liu, Sun, & Matsuoka, 2005). The
studies show that only 65—85% of the vertical pressure added on the top of the sample is transferred to the shearing
plane (Amsiejus, Dirgéliené, Norkus, & Skuodis, 2014). When calculating soil strength parameters the normal stresses
should be take in the shear plane. During the test, the dilation process takes place in the cutting plane (Simoni &
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Houlsby, 2006). Dilatancy is the volume change observed in the shear plane of the granular materials. In the dense
soils, the dilatance influence is higher. When testing the soils, neither the upper nor the lower box can move vertically,
so during the dilatation process, the volume changes will affect normal stresses acting in the shearing plane due to the
friction between the soil and the device walls. In such type of devices the vertical stresses in the shearing plane increase
due to dilation in the shear plane. Factors that will influence the shear strength parameters were approved of using
numerical modeling methods (Jacobson, Valdes, & Evans, 2007; Zhang & Thornton, 2007).

Analysis of the experimental data

The experimental studies carried out confirm that not all vertical pressure added to the top of the sample is transmitted
to the shearing plane. The tests were performed with a direct shear device in which the vertical pressure was measured
on the lower ring (see Amsiejus, 2000). For the assessing the changes of vertical stresses in the shearing plane, the shear
strength of the varying densities sands was determined by applying a constant pressure at the top of the sample and
measured pressure on the lower ring (see Figure 1).
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Figure 1. Stress distribution in the shear plane, when pressure on the sample top
was 100 kPa and 200 kPa (see AmSiejus, 2000)

At the initial stage of the test, the vertical stresses in the shear plane will be lower than the pressure at the top of
the sample, but the stresses increases due to dilatation during horizontal displacement of box. At the end of the test,
the dilatation will result in higher stresses in the cutting plane than on the top of the sample.

Numerical analysis of vertical stresses distribution in direct shear boxes horizontal plane

In order to assess the influence of the device design, it is necessary to know the variations of normal stresses in the
shear plane, when determining the soil shear strength parameters. It is necessary to know the size of the normal stresses
and the nature of the distribution in the shear plane. The analysis was performed using the PLAXIS 3D software.
Evaluating the nature of the stresses distribution was chosen Mohr-Coulomb model, soil — sand with friction angle
¢ = 36°, dilatancy angle y = 6°, cohesion ¢ = 1.0 kPa, unit weight y = 18.0 kN/m?, Poisson’s ratio v = 0.30, Young’s
modulus E =20.0 MPa. The shear box has been accepted as circular or square metal hollow pile with soil inside. The
cap had been accepted as thick metal plate loaded with distributed load. In Figure 2 and Figure 3 are shown the nature
and size of normal stress distribution in horizontal planes at the top of the sample, 5 mm, 10 mm, 15 mm and 25 mm
below in plan circular shear box when pressure under cap bottom equal 200 kPa. We assume that the pressure on the
sample top is equal to the vertical force acting the cap divided by the shear box area. In Figure 2a is shown the normal
stresses distribution nature when there are no gaps between the cap and in plan circular shear walls, that is to say, the
cap edge is close to the wall. Interface Ri between the cap and shear box walls is accepted 0.5 between soil and shear
box walls is the same. The interfaces are modeling the interaction between the surfaces, which are intermediate between
smooth and fully rough (R; = 1.0). The roughness of interaction is modeled by choosing a value for the strength reduc-
tion factors (wall friction or adhesion). In Figure 2b is shown the nature and size of normal stresses distribution when
between caps and circular in plan shear box walls is a small gap. It will be no interaction between the cap and shear
box walls and R; = 0.5 between soil and shear box walls.
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Figure 2. Nature and size of normal stresses distribution in the circular shear box:
a) no gaps between the cap and box walls; b) with a small gap between caps and box walls

In Figure 3a is shown the nature and size of the normal stress distribution when there are very small gaps between
the cap and in the square in plane walls, interface strength reduction factors R; = 0.5 between the cap and shear box
walls, same between soil and shear box walls. In Figure 3b is shown the distribution of the normal stresses distribution
and size when between the cap and walls there is a larger spacing of the several mm. The interaction between soil and
shear box walls is accepted R; = 0.5.
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Figure 3. Nature and size of normal stresses distribution in the square shear box:
a) small gaps between the cap and box walls; b) with larger spacing between caps and box walls

Both in the circular shear box and in plan square devise the spacing between cap and wall will influence the nature
of the stress distribution. In Figure 4a interface R; is accepted 0.1 by choosing very smooth walls surface and small
wall friction. In Figure 4b interface R; is accepted 0.5 by choosing often applied friction strength reduction factors
between soil and metal shear box walls. In Figure 4 and Figure 5 there are accepted small spacing between cap and
wall.
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Figure 4. Nature and size of normal stresses distribution in circular shear box:
a) interface Ri = 0.1; b) interface Ri = 0.5
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In plan square shear box nature of stresses, distribution is similar. In Figure 5a is given stress distribution nature
when R; = 0.1 in Figure 5b interface R; = 0.5. The interaction between the wall surfaces and soil has a great influence
on the nature of vertical stresses distribution and size, both in plan square and circular shear box devices.
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Figure 5. Nature and size of normal stresses distribution in square shear box:
a) interface Ri = 0.1; b) interface Ri = 0.5

During the test, the dilation process takes place in the shear plane in the dense soils. In such soils, it is observed
the volume changes. The soil continues to dilate as shear deformation take place. In most case, volume changes will
occur until soil will reach a critical state at some point. The behaviour of strain localization in sand has been observed
in laboratory tests (Tatsuoka, Nakamura, Huang, & Tani, 1990). Zhao and Gao (2013) present a numerical study on
strain localization in sand. The significant volumetric expansion has been noticed inside the shear band (Zhao & Gao,
2013), which is in agreement with the experimental observations (Oda, Konishi, & Nemat-Nasser, 1982). In Figure 6
is shown the volumetric strain localization zone, which was accepted in the calculations.
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Figure 6. Volumetric strain localization in sample
In Figure 7 is shown the nature and size of the normal stresses distribution in the shear plan, when volumetric
strain in the local shear zone is 0% — 2% — 3% — 5% — 7%. The pressure on the sample top is accepted 200 kPa.

Interface strength reduction factors between soil and shear box walls equal to 0.5.
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Figure 7. Nature and size of the normal stresses distribution in the shear plan,
when volumetric strain in the local shear zone is 0% — 2% — 3% — 5% — 7%

It can be seen that the nature and size of normal stresses distribution in shear plan begin to increase when volu-
metric strain is more than 2%. At 3% in the larger part of the shear plane zone, the vertical stresses are greater than
200 kPa, at 5% in all shear plane the vertical stresses are over 230 kPa, at 7% in the shear plane the vertical stresses
are over 320 kPa.

Conclusions

Numerical analysis of vertical stresses distribution performed using the PLAXIS 3D software shown that the gap be-
tween cap and shear box walls, the interaction between the walls surfaces and soil, volumetric strain in shear plan
influence vertical stress influence distribution.

The size of the gap between cap and shear box walls influences on stress distribution nature close to the wall. The
stresses on top close to walls are higher than nominal, deeper decreases and become smaller than the pressure on the
top. Both in a square and a circular shear box 10 mm below the top, the pressure on the horizontal plane become equal
to the nominal pressure 200 kPa on the top.
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The greater influence on the stresses distribution nature and size are doing the interface (friction) between the soil
and the walls of the device. When accepted negligible friction (strength reduction factor), the stresses are concentrating
in the middle of the plane, stresses decrease near to the wall. When is a choice often applied friction strength reduction
factor between metal surfaces and soil 0.5, the stresses distribution nature is much more uniformed.

During the direct shear test, the dilatation process takes place in the shear plane in the dense soils. In the shear
zone, it is observed the volume changes in the soil. The friction between soil and device walls increases the normal
stresses in the shear plane. The particularly pronounced gain was observed when volumetric strain in the shear zone is
greater than 5%.
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