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Abstract: The current study is focused on determining the shear strength parameters of the silty sand from
direct shear tests. Tests are performed on the soil samples of Ignie’s sand, Congo Republic, with 10, 25 and 40%
of silt content and constant relative density, Dr = 65% applying vertical stress of 50, 100 and 150 kPa. The test
results were expressed asgraphs of shear stress against shear deformation and changes of soil sample height
versus shear deformation. Hence, soil shear parameters such as internal friction and dilation angles were
determined and compared. From results obtained, it is noticed that once the soil sample has a silt content
superior to 10%, one can observe that peak shear strength and peak angle of internal friction have tendency
to increase. But, whenthe soil sample coversa silt content variation from 10% to 40% the peak shear strength

and internal friction angle have tendency todecrease.
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INTRODUCTION

The soil deposits cover a certain content of silt and
clay. Due to increasing of clean sands near project areas,
the use of mixed sand including clayey sand and sandy
silt, will remain a practical alternative in
renovationresearches. The presence of fines in sandy
soilscan be a concern in geotechnical engineering. It is
sometimes supposed that the soil strength decreases
with the increase of fines content [1]. Therefore, the
maximum content of fines is commonly limited to 10% in
the majority of geotechnical projects [2]. However, the
accessibilityto soils with small fines content is very
occasional. But, soil with maximum fines contentup to
10% is found [3]. The form of soil grains also affects the
behaviour of engineering properties of soils [4].

Until recent years, rare researches have been focused
on the effect of fines content variation on the behavior of
sandy soils. Data on the properties of sandy soil such as

the relationship between stress and strain and the
behavior of shear strength called attention of the earlier
studies. The vanayagam [5] focused his researches on the
non-plastic silt effects on the un-drained shear strength.
Results obtained from this study showed that sand-silt
covering silt content up to 30% revealed the behaviorof
silt. Thian and Lee [6] showed that the un-drained shear
strengthand pore pressure decreased with the increase of
the clay content. Triaxial compression tests performed by
Kim et al. [7] on soil-slit mixingindicated that the critical
friction reducedwhen fines aggregate content increased.

In spite of all the experience gained over the
pastyears, direct shear tests are commonly used in
geotechnical engineering. This type of test is used to
determine the shear strength parameters for constructions
design. All over the last 50 years, the direct shear test has
been used in geotechnical industry due to its easiness
and results obtained. Strength properties of Sandy soil is
often determined by using the direct shear test to
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determine the internal friction angle, dilation angle or the
sand shear strength. Many researchers have investigated
the shear strength and dilation behavior of sands.
Evaluation of triaxial test results led to reach the critical
and maximum values of friction angle of sand and silty
sand. Theses researchers found that, the silt content in
sandincreases significantly the shear strength parameter
and the soil dilation. Changes were observed as well in
small strains once the decrease of stiffness causes the
increase incritical strength and maximum strength [8].
Studies related to the silt content effect on
un-drainedstrength of sand using a triaxial cyclic test
performed by Gupta [9] showed the decrease of internal
friction angle with the addition of fine in the sand due to
the fine grains compressibility. Relationship for the silt
content effect on the strength and dilation properties
was proposed by Xiao ef al. [10]. This model presented
by Xiao et al. from existing data agrees with the
Salgado et al. [8]. Fine content effect on the shear
strength and dilation properties of sand was also reached
by Yusufpour [11]. In this study, using a direct shear test
in saturated condition, it was noticed that the soil
behavior depends on itssand grains arrangement. So, the
current work carried out different direct shear tests on
Ignie’s sand mixtures with different silt contents (0, 10, 25
and 40) considering a 65% relative densitywith vertical
stress of 50, 100, 150kPa. The aim of this research work is
to evaluate the silt content effect on the shear strength
parameters and the dilation angle under unsaturated
conditions for silty sand applying static loading.

MATERIALS AND METHODS

Soil Material: In the current study, sand and silt were
used as soil samples taken away from Ignie
Department, Congo Republic. The material selection is
founded on its accessibility or easy location and
classified as silty sand [12] from studies carried out by
Kempena [13]. Then, the selected material are classified as
sand (SP) and silt (ML) according to the Unified soil
classification [12].

Sample Preparation: In spite of many methods for soil
sample preparation for sandy soil, in this study we used
the soil sample under wet conditions due to its initial
water content which is 6% [14]. The laboratory tests
founded on existing literature. So,
manyexisting works were based on the soil strength

techniquewas

evaluation from direct shear test under various
conditions, considering different fine contents by mixing
with sand, silt [15, 16].

Experimental study is founded on taking an intact soil
sample for different laboratory tests such as waterberg
limit, specific gravity, Particlesize, water content and soil

strength.

Direct Shear Test: The automatic direct shear apparatus
used is shown in Figure 3. Each test consists of the
consolidation phase and the shear test phase. The tests
used normal stresses (a,) of 50, 100 and 150 kPa. The
strain rate of 15% was used for all experiments where in
the high stresses, the soil behavior can be noticed.

RESULTS AND DISCUSSION

From 9 tests performed by using the direct shear
apparatus, the results determined the effect of different
silt percentage on the behavior of soils parameters and
the dilatation for sand soil. The shear stress variations
can be seen in Fig. 1 with its corresponding shear
deformation in different silt content for a density of 65%
applying vertical stress of 50, 100 and 150 kPa.

From Fig. 2, one can notice the increase of shear
strength for the sand mixingfor the silt contentinferior to
10% and then the shear strength decrease is observed for
silty content superior to 10%.

The sample volumetric behavior can be seen in
Figure 5. In this figure, the behaviour of soil depends on
the dilatation process showing by the sand structure.

Figure 4 shows the variations of the friction angle in
silty sand samples. From this Figure, it is noticed the
increase of friction angle in silty sand samples for the silt
content inferior to 10% and then the decrease of friction
angle is observed for silt content superior to 10%.

The results of the experimental studyrevealed that
the increase of the silt content up to 10%, causes the
increase and decrease of the friction angle. Similar results
have been found by Yosefpour [11] and Vu To-Anh Phan
et al. [17]. These results obtained by authors before
mentioned areclose to those found in the current study
using the Figure 5. However, in the results of Xiao et al.
[10] despite the low fines content from 7% to 20%
considered, but the soil behavior is the same comparing
with the current study. The difference remains just in the
peak friction angle. Then in the current study, the peak
friction angle is found once the soil sample holds 10% of
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Fig. 2: Shear strength versus the fine content

silt content and 7% represents the peak friction angle [10].
This peaks locations difference is due to the difference
among soils properties such as particle grain distribution,
particle form and density. So, it can be conclude that both
studies have an agreement among the resultsobtained.
The variation of dilation against the silt content
applying vertical stresses of 50, 100 and 150 kPa is shown
in Fig. 5. From this Figure, one can observe the increase
of dilation in the mixture with the increase of the silt
content and the decrease observed once the silt content

is superior to 10%. Due to the 6% of water content used
in the experiment the soil was considered unsaturated in
the current study. Comparing the results obtained with
those obtained by Vu To-Anhet al. [17], using drained
triaxial tests on sand, all results obtained have some
similarity. Then it can be deduced that the incremental
limited water content used in the current study did not
affect significantly the variation of dilation angle inthe
silty sand, while more analysis on this topic will perform
tests in drained condition.
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Fig. 4: Variations of friction angle versus fines content
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Fig. 5: Variations of dilation angle versus fines content
CONCLUSION

Fromthe current study, 9 different direct shear tests
were carried out to evaluate the effect of silt percentage
on the shear strength properties of sand applying
different values of vertical stress. The samples were
prepared with silt contents of 10, 25 and 40 and
compacted at 65% of relative density. The samples of
sandy soil were analysed under vertical stresses of 50,
100, 150kPa and, giving the following results:

» The samples behavior depends on the sand grains
arrangement.

* An increase in the silt content in mixtures withsilt
10% increases the dilation. But, next, with an increase
in silt content in mixtures covering from 25% to 40%,
the dilatation decreases andwith the decrease of the
vertical stress, anincrease is observed in the angle of
dilation as well.

» The peak shear strength and friction angle of
samples of sandy-soil increasesonce the silt content
isup to 10% and then the decreaseis observed with
an increase of silt content.
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