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Shear strength of inorganic contaminated sand-fine mixture
Résistance au cisaillement du mélange de sable et de fines contaminé par des matériaux
inorganiques
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ABSTRACT
Due to the lack of environmental awareness and proper monitoring of wastes resulting from industrial facilities in Egypt; it is
considered a common practice to dispose inorganic wastes in possibly unsuitable nearby land. This practice results in contaminating
large areas of soil which, in turn, affects the construction activities in these regions among other hazardous environmental impacts.
Generally, contamination of soil changes its mechanical behavior, specifically, its shear strength. This paper investigates the change
in shear strength of soil due to the exposure of sand and sand mixed with fines to inorganic contaminant. Soil samples are prepared
with 0%, 20% and 40% of fines. Samples are prepared at different compaction ratios and are mixed with 0%, 2%, 6%, and 10% of
contaminant. The contaminant used in this research is an acid produced as waste from industrial detergents plants. Research results
showed definite negative impact on the shear strength of the contaminated soil.
RÉSUMÉ
En raison de manque de sensibilité à l'environnement et de suivi adéquat des déchets provenant des installations industrielles en
Egypte, c’est considéré comme une pratique commune que l les déchets sont déposés dans les endroits les plus proches qui pourraient
être inappropriés. Cette pratique a entrainé la contamination de vastes zones de sol qui, à son tour, affecte les activités de construction
dans ces régions. En général, la contamination influence le comportement mécanique du sol, et, en particulier, sa résistance au
cisaillement. Des échantillons de sable sont préparés à 0 %, 20 % et 40 % de fines. Les échantillons sont préparés à différents
pourcentages de compactage et sont mélangés à 0% ; 2 %, 6% et 10 % de contamination. Le contaminant utilisé est un acide produit
à partir des usines de détergents industriels. Les résultats de la recherche ont montré un effet nettement négatif sur la résistance au
cisaillement des sols contaminés.
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INTRODUCTION

Soil contamination may occur when hazardous substances are
either spilled or buried directly in the soil or migrate to the soil
from a spill that has occurred elsewhere. For example, soil
becomes contaminated when small particles containing
hazardous substances are released from a smokestack and are
deposited on the surrounding soil as they fall from the air.
Another source of soil contamination could be water that
washes contamination from an area containing hazardous
substances and deposits the contamination in the soil as it flows
over or through it.
In connection with the cleanup works, and for any possible
applications, knowledge of the geotechnical properties and
behavior of organic and inorganic contaminated sand and sandfine mixes is required. This information is, also, required when
the contaminants leake from storage tanks or the spent acids
from detergents plants causing contamination to the surrounding
soil. Few studies on organic contaminants and very few studies
on inorganic contaminants that deal with the geotechnical
properties of sand and sand-fine mixes are available in the
literature. Abouleid et al. (1986) carried out shear box tests on
clean and organic contaminated sand. They found that the
organic contaminants (oil) content less than 10% caused a
significant reduction in the angle of internal friction. Also, the
contaminant creates apparent cohesion between particles due to
the mobilized surface tension.
The shear strength parameters of organic contaminated
sand mixed with fine grained soil was examined also by
Khamechiyan et al. 2006. In this study, 0%, 30% and 100 % of
clay soil was mixed with sand. The research results showed a
direct correlation between organic contaminant content and
internal friction angle in CL soils and inverse correlation
between organic contaminant content and friction angle in SP

and SM soils. The cohesion of clayey CL soil decreased with
increasing oil content, while this effect does not have any
distinct path on SM soil and samples show a low cohesion due
to organic contaminant that it can be the result of viscosity of oil
and inherent cohesion of soil. The shear strength of fine grained
soil contaminated with inorganic contaminants such as HNO3
and HCL was examined by Shlash and El-Rawy (1994). They
found that HNO3 has more effect than HCL on shear strength of
clay. They showed that the shear strength increased with
increasing acids content. Inorganic contaminants can be existed
as acids, alkalines and industrial waste from detergents plants.
Elkiki (2001) showed that the shear strength of soil decreased
with increasing inorganic industrial waste water.
Frydman et al. (1988) studied the effect of KCl, NaCl and
CaCl2 on the engineering properties of clay. This study showed
that, 5.5 percent of KCl resulted in an increase in the dry density
and a decrease in clay swelling due to the flocculation of clay
particles. This behavior resulted in an increase in the clay
particle size reaching to silt particle size. The increase of clay
particle size had an effect on the double diffused layer that
decreases the clay activity.
2

RESEARCH OBJECTIVES

This research investigates the effect of inorganic contamination
on the shear strength of sand-fine mixes under different
percentage of contaminant. A series of direct simple shear tests
were conducted on reconstituted specimens of sand and sand
mixed with plastic fine content of 20% and 40%. Each
specimen was prepared at a specified density as a compaction
ratio (CR) to obtain the target of post consolidation density of
0.95 γmax., 0.90γmax and 0.85γmax and sheared at a vertical
consolidation stresses of 100, 200 and 300 kPa.
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3 EXPERIMENTAL WORK

Table 1: Summary of contaminant properties.

An experimental program was carried out using the direct shear
apparatus on specimens having dimensions 60 x 60 x 30 mm.

Properties

SO42-,
g/l

No3,
mg/l

Density,
gm/cm3

Viscosity, (cp) at
25o C

Value

664.50

60.0

1.20

300

3.1 Properties of tested soil and contaminants
Table 2: Summary of testing program.

3.2 Testing program
90

Table 2 shows the direct shear tests performed on sand and sandfine mixes. Also, several samples were scanned in the electronic
microscope that performed on clean sand and sand mixed with 10
% contaminant.
85
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Figure 1: Grain size distribution curves of tested soils.
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Figure 2: Atterbeg limits of fine grained soil.
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Contam. %

Compaction Ratio (CR,
%)
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The main material chosen for this research is poorly-graded
silica sand. Fine grained soil was obtained from a site near
detergent plant at eastern Beni-Suef Governorate. The site is
130 km south of Cairo city. The grain size distribution curves of
these specimens are shown in fig. 1. Also, Atterberg limits of
fine grained soil are presented in fig. 2 and classified as CH.
The contaminant used in this research is the spent acid
produced from detergent plants. The properties of the
contaminant are presented in table 1.
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RESULTS AND ANALYSIS

Direct shear test results are plotted in Figures 3, 4 and 5 as a
relation between normalized shear strength and percentage of
contaminant. These figures exhibit a reduction in shear
strength of pure sand for contaminant content less than 6%.
This reduction is resulted from the surface tension caused by
contaminant. The surface tension reduced the frictional
resistance and created an apparent cohesion at the same
contaminant content. Increasing the contaminant content to 10
% for pure sand resulted in an increase in its shear strength.
This is because increasing the contaminant will cover the
particles with thick layer facilitating the particles movement
into adjacent voids. This process increases the interlocking of
the soil. Consequently, the shear strength of sand is increased.
It is noticed that the apparent cohesion was decreased. This is
because of the reduction of surface tension effect.
For sand mixed with 20% and 40 % fines, the shear
strength of mixture increased for contaminant content 2% and
6%. Mixing the fine grained soil with sand increases the
surface area of sand matrix where the fine completely or
almost completely separate adjacent sand particles and the
behavior becomes clayey sand. This is because mixing fine
with sandy soil prevents the contaminant to coat all the
particles surfaces of sand matrix. Therefore, the fine is
aggregated due to the attraction between them and
contaminant. This is resulted in an increase in shear strength of
mixture. Increasing the contaminant content to 10% decreased
the shear strength due to the surface tension. Figure 6 shows
the texture of uncontaminated and contaminated sand. This
figure shows that the spent acid from detergent plants coats the
sand particles with a layer that may lubricate the particles and
reduces the shear strength of soil.
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(a) Clean Sand
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(b) Contaminated Sand

Figure 6: Contaminated and Uncontaminated Sand.

Figure 3: Relation between normalized shear strength and contaminant
percent, CR=95%.

Figure 7: Relation between strain at failure and contaminant percent,
F.C. = 20 %.

Figure 4: Relation between normalized shear strength and contaminant
percent, CR=90%.

Figure 8: Relation between strain at failure and contaminant percent,
F.C. = 40 %.

Figure 5: Relation between normalized shear strength and contaminant
percent, CR=85%.

Cohesion plays an important role to detect considerably the
failure strain. The effect of contaminant content can be
observed in figures 7 and 8 for sand mixed with 20 % and 40 %
fines at different compaction ratios. It can be seen that the strain
at failure decreased at contaminant content of 2 % due to the
strengthening of soil caused by contaminant. For contaminant
content exceeding 2%, the strain at failure was increased. This
is due to the increase in apparent cohesion which resulted from
the increase in surface tension.
5

Also, this figure shows that, the contaminant creats weak
binders between particles due to its chemical composition and
viscosity. The break of these binders causes sudden failure of
sandy soils when tested in direct shear box.

CONCLUSIONS

A series of direct shear tests was performed on clean and
contaminated sand and sand-fine mixes to investigate their
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shear strength. The results revealed dramatic decrease of shear
strength of pure sand for contaminant content less than 6 %.
However, increasing contaminant content from 6 to 10%
slightly increased the shear strength of soil. The shear strength
of sand-fine mixture increased at contaminant content 2% and 6
% for 20% and 40 % fine content. Moreover, increasing the
contaminant content to 10 % slightly decreased the shear
strength of the mixture. The contaminated soil exhibited a
brittle failure for pure sand; while sand-fine mixture showed an
increase in the strain at failure with increasing contaminant
content. Contaminant content of 2 % caused a decrease in the
strain at failure due to the increase in soil strength.
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