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This paper presents an extensive study geotechnical factors controlling
undrained shearing characteristics of Quseir Varigated Shale in central
part of Dakhla Oasis. The clayey soil of Quseir Shale covers the floor of
Dakhla Oasis. In recent years, the size of structures in this region has
been increasing. The shearing behaviour of soils is of major concern for
engineers, since the solution of stability problems in foundation
engineering requires knowledge of the shearing strength of the underlying
soil. The Quseir Shale in Dakhla Oasis consists of four layers (green
gypsiferous shale graded downward into yellowish green shale, green
shale and reddish gray shale). The clay minerals of the studied soil
consisting of five species namely kaolinite was the predominant clay
mineral present, smectite, illite, illite-smectite mixed-layer, and chlorite
which arranged in a decreasing order of abundance. The geotechnical
parameters of the studied clayey soils show a strong mutual relation
between some measurements and undrained shearing parameters. The
measured major stress (o) has a close direct proportional relation with
sand%, silt%, kaolinite%, calcium carbonate content and depth. The
effective cohesion (C) has a close direct proportional relation with clay
fractions, initial water content, and smectite%.

KEYWORDS: Undrained shear strength; Clay Minerals; Quseir Shale;
Western Desert; Egypt.

1- INTRODUCTION

During the past two decades Egypt has witnessed a rapid and substantial development
of its infra-structure involving widespread construction of roads, low rise housing and
public buildings. Thus, an extensive research program was initiated to study the factors
controlling the geotechnical properties of the soils and rocks in theses regions. For this
purpose geotechnical and mineralogical studies were carried out utilizing undisturbed
core samples collected from boreholes at a number of locations. This study presents the
background to the geological investigations and the detailed results of tests on clayey
soils from two specific locations.

This paper describes a close up study that evaluates the shear strength and
deformation characteristics of clayey soil of Quseir Varigated Shale in central part of
Dakhla Oasis. The floor of Dakhla Oasis nearly covered by clayey soils of Quseir
Shale. In recent years, however, the size of structures in this region has been
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increasing. Thus, evaluation of the engineering characteristics these soils has become
an important issue for design and construction these areas. The shearing behaviour of
soils is of major concern for engineers, since the solution of stability problems in
foundation engineering requires a knowledge of the shearing strength of the underlying
soil [1].

Most of the current design practices in geotechnical engineering are based on
strength criteria, where shear strength is considered as one of the most important
design parameters. Any soil element subjected to a particular loading condition has two
well-defined shear strengths, namely the peak strength corresponding to the maximum
deviator stress and the steady state strength corresponding to the critical state [2]. The
strength of a soil can be inferred from its shearing resistance. The shearing behaviour
of soils is of major concern for engineers, since the solution of stability problems in
foundation engineering requires knowledge of the shearing strength of the underlying
soil. The design of foundation in fine-grained soils is frequently complicated by
anisotropy of shear strength within the soil. This anisotropy may be due to the sub-
horizontal alignment of the platy clay-mineral grains and the diagenetic bonds between
them [3].

The present paper represents an extensive studying the factors controlling the
undrained shearing characteristics of Quseir Shale in central part of Dakhla Oasis. To
achieve this purpose two sites were selected the first one was in Teneida, "site I" and
the second was in Balat "site 11". Undisturbed and disturbed samples were extracted
and tested in a laboratory, to determine their physical and mechanical properties.

2- GEOLOGICAL SETTING

The Dakhla Oasis is about 490Km west of Assuit (City of the upper Egypt). It is
bounded approximately by the latitude 25° 35 N, to 26° 00 N and longitude 28° 10
E, to 28° 54 E. The depression is bounded on its northern side by a precipitous
escarpment running more or less irregular from Kharga oasis in a general west-
northwest direction for a distance of at least 250km. To the south of this cliff there is a
low-lying expanse of sandstone country forming a gentle undulating plain, the general
surface of which rises imperceptibly to the south. To the north of the cliff lies the high
and almost level limestone plateau, which stretches for a considerable distance beyond
the oasis to the north. The exposed sedimentary succession ranges in age from the
Middle Campanian to Late Paleocene. Older sediments are cropping out to the south
and southeast of the study area starts at the base with variegated claystone, siltstone
and sandstone of the Quseir Formation [4], which forms the floor of the Dakhla
Depression especially in the central and south eastern parts (Fig. 1). The Quseir
Formation [4] also named as the Variegated Shales [5]. [6]and [7] previously inferred
limnic conditions in the basal sediments of the formation, where freshwater gastropods,
abundant plant debris and other remains of reptiles and dinosaurs are found. [8] stated
that the depositional environment of Quseir Formation in Dakhla Depression is
possibly fluvial to brackish and restricted marine (glauconitic sediments).
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3- MATERIALS AND METHODS

Undisturbed and disturbed clayey soil samples were taken from Quseir Shale in the
central part of Dakhla Oasis (Teneida, "site I" and Balat "site 1I""). The depths of boring
are 10m from the ground surface approximately. A typical subsurface profile is shown
in Fig. (2). The studied soil comprises of a top layer (layer A, 2m thick) of hard green
gypsiferous shale, this layer is followed by a 4m thick layer (layer B) of dense
yellowish green shale. Layer B is underlain by a very dense green shale (layer C, 2m
thick). Beneath layer C, the material changes to hard reddish gray shale (layer D, 2m
thick). Undisturbed as well as disturbed soil samples were collected from each horizon
of the profiles for different geotechnical analysis (Table 1).

Twenty representative samples were taken from, the two previously
mentioned boreholes: Tenedia, site | (10 samples), Balat, site Il (10 samples). A first
method of Quseir Shale soil analysis is the grain-size distribution using sieve analysis
and hydrometer test according to classification as can be seen in Fig. 3, the fraction
with a grain size below 0.002 mm is referred to as "clay fraction"”, regardless of
whether clay minerals are present and of what types they are. Atterberg limits were
measured for soil classification and as parameters for correlation to predict the soils
engineering behavior such as compressibility [9]. According to [10] all samples of the
studied clayey soils of Quseir Shale were classified according to the Casagrande’s
plasticity chart as clay of high plasticity (CH, Table 1 and Fig. 4).

4- CLAY MINERALOGY

Twenty representative clayey samples were chosen for mineralogical investigation
from the two selected boreholes. Each sample was examined in three forms: as an
oriented clay sample (untreated); as an oriented clay sample treated with ethylene
glycol; and as an oriented clay sample heated to 550°C for 2h. The clay particle sizes
in the samples were <2 mm. The identification of the clay minerals was based on the
basal reflections (001), according to the X-ray powder diffraction results of [11] &
[12], [13], [14], [15] and the ASTM cards.

The relative frequency of the identified clay minerals was calculated according
to the method of [16], which is based on measuring the (001) peak height for the
individual mineral group considering the total summation of the peak heights of the
associated clay minerals which is being equal 100 %. Five types of clay minerals were
identified throughout the studied sequence, namely kaolinite was the predominant clay
mineral present in all samples (58.5.8%), smectite (22.8%), illite (9.1%), illite-smectite
mixed-layer (6.7%), and chlorite (2%) which arranged in a decreasing order of
abundance (Table 1, Fig. 5).

5- DETERMINATION OF SHEAR STRENGTH OF QUSEIR
SHALE
To avoid the influence of stress release, the unconsolidated undrained compression

triaxial test (UU test) was used. A cylindrical specimen having a length/diameter ratio
of 2, is used in the test and is stressed under condition of axial symmetry. The circular
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base has a central pedestal on which the specimen is placed, there being access through
the pedestal for drainage or for the measurement of pore water pressure. A perspex
cylinder, sealed between a ring and a circular top cap, forms the body of the cell. The
top cap has a bush through which the loading ram passes. The cylinder and top cap
clamp on to the base, a seal being made by means of an O-ring. The specimen is placed
on either a porous or solid disc on the pedestal of the apparatus. A loading cap is
placed on top of the specimen and the specimen is then sealed in a rubber membrane.

Table 1. Summary of geotechnical properties of Quseir Shale. Grain size%, physico-
chemical properties and class, clay mineral species
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The triaxial tests were carried out on ten undisturbed representative samples.
it by mechanical saw machine from a hard

The soil samples were prepared by cutting
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soil block to pieces of dimensions 3.81cm diameter and 7.62cm high. Then the samples
were carefully placed in the triaxial cell, cell pressure (o3) of 0.5, 1, 1.5 and 2 kg/cm?
were applied on each sample, and the deviator stresses (c4) were measured The results
were obtained and reported in table (2) and Figs. (6a-d). The shear strength of a soil ¢
could by expresses by:

7, =C +o0 tang
where: 1 = Shear strength, c ~= Effective cohesion stress, o =~ = Effective normal
stress ¢ = Angle of internal friction.

The shear strength characteristics of the studied samples as major stress oy,
cohesion | and angle of internal friction (¢p) were ummarized in table (2) and figures
(6-9). These measurements show that major stress o; ranged between 6.9 kg/cm? in
samples 1-1 and 8.5 kg/cm? in samples 11-10 in the case of cell pressure (o3) 2kg/cm?.
Also, it is clear that the major stress o, values increase with increasing the depth (Table
2). The cohesion | of the studied samples fluctuates from 0.5kg/cm?in samples I-1 to
1.0kg/cm? in samples 11-10. The values of C™ increase with increasing of the depth
especially in Site | (Table 2). Using the Mohr s circles, the determined values of the

angle of internal friction (¢) of the studied samples vary from 20° in sample 11-8 to 26°
in samples 1-9.

Table 2. The triaxial testing data and results of the studied Quseir Varigated
Shale in Dakhla Qasis.
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6- FACTORS AFFECTING UNDRAINED SHEARING STRENGTH
OF THE QUSEIR SHALE

It is evident from the previous mentioned practical works of geotechnical testing of the
clayey soils of Quseir Varigated Shale in Dakhla Oasis that there is a strong mutual
relation between some measurements and undrained shearing parameters. So that,
more lights will throw on this interacting relation. These factors can be classified as:

6.1- EFFECT OF GRAIN SIZE DISTRIBUTION

The results of shear testing show that the grain size plays an important role in the
measured shear strength characteristics of the studied samples. Sand as well as silt
fractions have a close direct proportional relation with major stress (o;) of the studied
samples in the case cell pressure (o3) 2kg/cm? while clay fraction has an indirect
relation (Figs. 7, 8 and 9). The measured effective cohesion (C") has a close direct
proportional relation with clay fractions but indirect relation with sand and silt
fractions (Figs. 10, 11 and 12).

El-Ghonaimy [17] stated that with the increase of clay fractions, the plasticity
index will also increase, then greater binding forces will be developed causing an
increase in the soil strength. Also the calculated internal friction angle of the studied
samples shows a direct relation with the sand fraction percent (Fig. 13).

6.2- EFFECT OF CLAY MINERALOGY

Mechanical properties of cohesive soils depend on the mineral composition and
conditions in the environment [18] and [19]. It clearly seen that the clay minerals play
a vital role in the measured major stresses of the studied samples. The measured major
stress (o1) has a close direct proportional relation with the kaolinite content of the
studied samples (Fig. 14). This may be attributed to the nature of kaloinite particles
which have the largest grain size among the examined clay minerals species. The
kaolinite particles have the smallest anisometry, i.e. the smallest diameter-thickness
ratio. The kaolinite particles thus have a relatively large edge surface.

On the other hand, kaolinite has a distinct distribution of the charge, with one
highly charged and one uncharged basal plane. This led to high major stress for both
the sodium and the calcium forms [20]. The relatively high major stress of kaolinite
comes principally from the intergranular friction [1]. Smectite has a direct proportional
relation the measured effective cohesion C™ (Fig. 15).

6.3- EFFECT OF INITIAL WATER CONTENT

Khera and Krizek [21] and [22] stated that the undrained shear strength is independent
of change in total stress unless a change in water content occurs and postulated that the
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water content is a function of the maximum principle consideration stress alone. The
results of the measuring tests show a significant a closed indirect proportional relation
has been seen between the initial water content and major stress o (Fig. 16).

Koumoto and Houlsby [23] found out that the relationship between the
undrained shear strength and the quantity of water contained in soils could be
expressed by the nonlinear function.

6.4- EFFECT OF DRY DENESITY AND CALCIUM CARBONATE
CONTENT

The major stress (o;) increases with increasing the dry density and calcium carbonate
content of the studied soils (Figs. 17 and 18). Tsiambaos [24] concluded that the
increase in calcium carbonate content for clayey soils cases a decrease in plasticity
index and a significant increase in shear strength.

6.5- EFFECT OF DEPTH

The results reflect a direct proportional relation between depth of the selected samples
and their measured major stress (1), cohesion (C) (Table 2). At the same time the
major stress have a general tendency to increases with increasing of cell pressure. This
may be due to a reorientation of plate-like clay particles parallel to the bedding plane
under the effect of axial stress of sediment that increase with depth. This results in a
direct decreasing in porosity as well as decreasing in initial water content so that the
measured major stress will increase (natural consolidation) [25].

N
Sample 11-6 (83=0.5kg/cm?)--(8d=3.8kg/cm?)

0.2 0.27 03 0.27 027 0.24 0.17 0.26 0.28 0.33 0.67 0.68
\_ Strain % (e) )

Fig. 6a
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Sample 11-6 (c3=1kg/cm?)--(cd=3.6kg/cm?)
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Fig. 6b
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Fig.6d

Fig. (6) The result of triaxial testing with different cell pressures
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Fig. 7. Relation between sand% and major stress (kg/cm?) of Quseir Shale.
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Fig. 8. Relation between silt% and major stress (kg/cm2) of Quseir Shale.
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Fig. 9. Relation between clay% and major stress (kg/cm2) of Quseir Shale.
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Fig. 10. Relation between clay% and cohesion (kg/cm?) of Quseir Shale.
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Fig. 11. Relation between sand% and cohesion (kg/cm?2) of Quseir Shale.
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Fig. 12. Relation between silt% and cohesion (kg/cm2) of Quseir Shale.
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Fig. 13. Relation between sand% and internal friction angle ((I)) of Quseir Shale.
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Fig. 14. Relation between kaolinite and major stress (kg/cm?) of Quseir Shale.
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Fig. 15. Relation between smectite% and cohesion (kg/cm2) of Quseir Shale.
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Fig. 16. Relation between initial water % and major stress (kg/cm?) of Quseir Shale.
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Fig. 17. Relation between dry density and major stress (kg/cm?) of Quseir Shale.
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Fig. 18. Relation between carbonate and major stress (kg/cm?) of Quseir Shale.
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7- CONCLUSIVE REMARKS

The main significant observations are:

1.

The shearing behavior of soils is of major concern for engineers, since the
solution of stability problems in foundation engineering requires knowledge of
the shearing strength of the underlying soil.

The Quseir Shale in the central part of Dakhla Oasis consists of four layers
(green gypsiferous shale graded downward into yellowish green shale, green
shale and reddish gray shale).

The clay minerals of this soil are of five species namely kaolinite, smectite, illite,
illite-smectite mixed-layer and chlorite.

The measured major stress (o) has a close direct proportional relation with sand
%, silt %, kaolinite %, depth and calcium carbonate content which make as
cement.

The measured effective cohesion (C7) has a close direct proportional relation
with clay fractions, and initial water content. Also, it has a same relation with
smectite content. The semctite group minerals have relatively smaller size so
they considered as a matrix for coarser fractions.

The internal friction angle (¢) of these soils has a direct proportional relation
with sand fractions.
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