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Fig. 1. A sketch of the shear box used for CA2 numerical simulation
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Parameters Value Units
Wet density 16.73 kN/m3
Dry density 15.78 kN/m3
Silt content to sand 0.055 -
content ratio
Maximum dry density 17.16 kN/m3
Minimum dry density 14.31 kN/m3
Friction angle 38 Degree
Diltation angle 15 Degree
Cohesion 12 kPa
Elastic modulus 27 MPa
Posion ratio 0.3 -

Table 1. Properties of Soil sample used in direct shear test
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Fig. 3. Gradation curves of Firooz Kooh 151 and 161 sand
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Table 3. shear velocities applied to the numerical models
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Average normal Normal stress (kPa)
stress
12 3,6,9,12,15,18 and 21
16 4,8,12, 16, 20, 24 and 28
20 5, 10, 15, 20, 25, 30 and 35
24 6, 12, 18, 24, 30, 36 and 42
28 7,14, 21, 28, 35, 42 and 49
32 8, 16, 24, 32, 40, 48 and 56
36 9, 18, 27, 36, 45, 54 and 63

Table. 2. Normal stresses applied on the specimens.
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Test number Friction coefficient
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2 0.1
3 0.2
4 0.3
5 04
6 0.5
7 0.6
8 0.7
9 0.8
10 0.9
11 1.0

Table 4. Friction coefficient of direct shear box sides
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Fig. 11. Friction coefficient effects on cohesion and friction angle
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Fig. 10. Shear velocity effect on cohesion and friction angle
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Abstract:

Determination of soil engineering properties such as shear strength is essential to analysis many geotechnical
problems. Therefore, determination of the reliable values for this parameter is very important. For this
purpose, direct shear test as one of the oldest test to examine the shear strength of soils, is conducted on soil
samples. There are too many factors which could affect results of direct shear test. Laboratory tests are
expensive, difficult and time consuming, hence using numerical method to simulate experimental test and
study effective factors can be useful. In this paper direct shear test was numerically modeled using CA2
hybrid finite element-discrete element method code. CA2 solves explicitly equations of motion together with
macro or micro-constitutive equations. In this study, shear box is modeled using finite element grids and a
discrete element model is implemented for simulation of soil specimen within the box. Appropriate boundary
conditions are assigned to the box, normal stress is applied to the specimen using finite element grid and
shear velocity was finally applied to the model. Shear force is applied to the model by a constant velocity
4.5x10"° meter/cycle. It should be noted that, shear velocity is applied to the upper part of shear box, and
applied velocity is considered small enough to confirm that there is a quasi-static condition in numerical
solution. In this study using numerical simulation, the effects of box dimension, genesis pressure, normal
stress, shear velocity and box wall friction on shear strength of the soil specimen are investigated. Study of
box dimension effect, shows that peak effective internal friction angle in small direct shear box and large
direct shear box differs about 6°, and cohesion decreases by increasing box dimension but for box
dimensions bigger than 20cm, changes in box dimension has no significant effect on resulted soil cohesions.
Investigation of influence of genesis pressure shows that, incrementing genesis pressure, cohesion increases
too, that can be attributed to the SOCPI model provided in CA2. In SOCPI model by increasing genesis
pressure the overlap between cylinders increases. In SOCPI model by increasing overlap the cohesion
increases but peak friction angle doesn’t change too much. Normal stress analysis shows that, increasing
normal stress will increase the interlocking between soil particle and this tends to increas cohesion of the soil
model. Shear velocity is another parameter which is studied in this research. Results show that by increasing
shear velocity, soil shear strength increases. It should be mentioned that shear velocity should be considered
as small enough to provide a quasi-static condition. In this research, friction of shear box wall was also
investigated. When there is friction between box wall and soil particles, shear strength can be underestimated for
contractant soils or overestimated for dilatant soils. In this paper, it is shown that if soil has no significant volume
changes, peak shear strength is not affected by friction between soil particle and box wall.

Keywords: Direct Shear Test, Numerical Modeling, Finite Element Method, Discrete Element Method,
Experimental tests
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