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Most natural sandy deposits contain low amounts of fine content
(clay and silt) that have complicated effects on the undrained
behaviour of sands. In this research, the effect of low fine content
(clay kaolin and Firuzkoh silt) on the undrained behaviour of sands
with five percentages of fine grains (0, 3, 5, 7 and 10%) was
investigated. For this purpose, 18 undrained compressive tests
were carried out using strain control Torsional Shear Hollow
Cylindrical Apparatus (HCA) on Firozkouh sand. The specimens
were prepared in the laboratory by the Dry Funnel Deposition
Method and consolidated under P'c= 100 and 200 kPa. By adding
silt particles of up to 5%, the peak strength of the specimen
increased (about 18.5%) and then by adding 5% of silt the peak
strength decreased (about 13%) leading to an increase in the
brittleness index and sensitivity to static liquefaction. With the
addition of kaolin clay, a downward dominant trend in strength was
observed (about 22% decrease in 10% clay) and the contractive
behaviour increased. This result can be attributed to the nature of
clay as the accumulation of clay particles on the contact surface of
sand grains leads to the creation of an open microstructure with
loose connections.
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EXTENDED ABSTRACT

Introduction

Based on geotechnical data, pure sand mixed with clay and silt is not usually found in
engineering sites and is mostly found as a mixture of sand with low clay and silt content.
These soils may exhibit complex undrained behaviour such as static liquefaction. Therefore,
the presence of fine grains significantly affects the engineering and behavioural
characteristics of sandy soils. Many researchers have studied the effects of fine grains on the
strength of sands, but they have mostly concentrated in the range above 10%. Considering
the extent of soils containing low percentages of fine grains and the different behaviour of
sand containing low and high percentages of fine grains, studies on the simultaneous effect
of low amounts of fine grains from two types of clay and silt on the same host sand are
essential. According to the mentioned cases, this research investigates the effect of low
content of kaolin clay and Firuzkoh silt on the undrained behaviour of Firozkoh sand with
five percentages of fine grains (0, 3, 5, 7 and 10%) and using a Hollow Cylindrical Apparatus
(HCA) the present research discusses and provides several interpretations of the
behavioural mechanism.

Methodology

The sand used in this research was Firuzkoh sand, which is also called sand 161. The
used non-plastic fine grain was Firuzkoh silt and the plastic fine grain used was kaolin clay
with low plasticity. The physical characteristics of the soils used in this study are presented
in Table (1). The information on the tests is presented in Table (2).

Table 1. Physical properties of tested materials.
Material Soiltype PI PL LL Cc Cu Gs

Firuzkoh sand SP - - - 088 1.87 2.65
Kkaolin clay CL 21 28 49 - - 2.62
Silt ML 2 22 24 - - 2.67

Table 2. Data of the tests.
Test FC Fine P'c €min €max e Dr %

F-0-100 0 - 100 0548 0874 0.738 417
F-0-200 0 - 200 0.548 0874 0.727 45
C-3-100 3 C(Clay 100 0525 0895 0.736 43
C-3-200 3 Clay 200 0525 0895 0726 45.6
C-5-100 5 Clay 100 0512 0905 0.733 439
C-5-200 5 Clay 200 0512 0905 0723 46.4
C-7-100 7 Clay 100 0.5 0912 0.725 454
C-7-200 7 Clay 200 0.5 0912 0.714 48
C-10-100 10 Clay 100 0487  0.92 0.69 51
C-10-200 10 Clay 200 0487 092 0.685 54.2
S-3-100 3 Silt 100 0529 0.885 0.734 424
S-3-200 3 Silt 200 0529 0.885 0.724  45.2
S-5-100 5 Silt 100 0519 0892 0.732 429
S-5-200 5 Silt 200 0519 0.892 0.722  45.5
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Test FC Fine P'c €min €max e Dr %
S-7-100 7 Silt 100 0.508 0.9 0.722  45.4
S-7-200 7 Silt 200 0.508 0.9 0.71 48.5

S$-10-100 10 Silt 100 0491 0911 0.691 523
S$-10-200 10 Silt 200 0491 0911 0678 554

Results and discussion

The behaviour of sand in this research was similar to the loose sand, which is a strain-
softening behaviour with limited strain. This type of behaviour is characterized by the
initial maximum shear strength at a small strain, then the shear strength is decreased to
a minimum value at an average strain, which is called the quasi-steady state point. As the
point the undrained behaviour changes from contraction to dilation, defined after the
minimum strength is reached, the shear strength is increased to its maximum value with
re-hardening strain and the pore water pressure is decreased to its minimum value at
large strain (Figure 1).

In Figure 2, the effect of adding different percentages of clay on the behaviour of sand is
presented. Based on the results, with the addition of 3% clay, the peak shear strength of the
sample increased slightly, this small percentage probably filled the space between the sand
particles so that it provided a certain amount of continuity in the sand matrix without
causing slippage in the particles. However, by adding more percentage of clay of up to 10%,
the strength of the samples decreased and the behaviour became more contractive.

In Figure 2, the effect of adding different percentages of silt on the behaviour of sand is
illustrtaed. Based on the obtained results, adding silt particles to the host sand of up to 5%,
the shear strength of the sample increased to the maximum value (about 18.5%), then with
the increase of silt up to 10%, the strength of the sample decreased. It should be noted that
with a silt content of 10%, the strength of the sample was lower than the host sand (about
13%).
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Figure 1. Undrained shear behaviour of clean sand.
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Figure 2. Effect of clay on the behaviour of sand.
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Figure 3. Effect of silt on the behaviour of sand.

Conclusion

This paper presents an experimental study of the stress-strain behaviour of sands with
low kaolin and silt content in undrained conditions. The main findings and results of this
article can be summarized as follows.

With the addition of 3% clay, the peak shear strength of the sample increased slightly,
this small percentage probably filled the space between the sand particles so that it provided
a certain amount of continuity in the sand matrix without causing slippage in the particles,
but with the addition of a higher percentage, the strength of the clay samples decreased by
up to 10% and the behaviour became more contractive.

By adding 5%vsilt particles to the host sand, the shear strength of the sample increased
to the maximum value, and then by increasing the amount of silt by up to 10%, the strength
of the sample decreased. However, in 7% silt, the strength was higher than pure sand, butin
10% silt, the strength of the sample was lower than the host sand (approximately 13%).
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