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1. Introduction

The study area belongs to eastern
part of the Nile Delta.The tectonic

ABSTRACT: The present paper is concerned with the study of
sedimentological, mineralogical and geotechnical characteristics of
the shallow facies and the foundation beds as well as their effects
on the construction stability on a planned new road which will
extend from El Zagazig to Sinbillawain district. It aims also to
introduce some alternative solutions for the impact problems of
these shallow facies. The present clay layer has an obvious
dangerous effect on the constructions or any other establishments.
Thirty one sediment samples from 31 boreholes have been
collected at a depth from 0 to 20 m to investigate the
sedimentology, physical, chemical and engineering properties. The
results revealed that the initial water content ranges from 30.84
to 44.71%, the liquid Limit (LL) ranges from 51.33 to71.36 %, the
plastic Limit (PL) ranges from 20.5 to 36.85 %, the shrinkage limit
ranges from11.2 to 20.5 % and the plasticity Index (PI) ranges
from 27.78 to 37.17 %. The x-ray diffraction analysis revealed that
smectite (montmorillonite) and kaolinite minerals are the main
components of the clayey sediments. The chemical tests of the
studies samples revealed high concentration of sulfates that can
increase the corrosion of the concrete foundations. Also the
ultimate bearing capacity values are inferred.

*Corresponding Author: samir_zaid75@yahoo.com

and structure framework of the
studied area were reported in several
works as Said (1962), ElI Badrawy
and Soliman (1997), Shata(1965),
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Shata and ElI Fayoumy (1970.). the
stratigraphy of the studied area
discussed by Rizzini, et al (1978) ,
Attia (1954), Said (1981) studied the
stratigraphy of the studied area and
mentioned  that the  studied
sedimentary succession belongs to
the late Pleistocene which is
represented by Neonile deposits that
accumulated with rate of
sedimentation about 1m/1000 years.
The hydrogeological characteristics
in the study area are pointed out by
many works as El Dairy (1980), El
Fayoumy (1968), Zaghloul, Abd El
Daiem, Taha (1990) and Kotb
(1988).The Geoelectrical resistivity
method at Sharkiya Governorate,
Zagazig city, has been applied by El
Mahmoudi (1990) using gravity
method to reconstruct a framework
for the paleohydrography and
sedimentological evolution of the
eastern Nile Delta

The study area is examined to
determine its ability to construct a new
road. This road is planned to solve the
traffic congestion and reduce the time
and distance of transport that lead to
reduce economic costs. The proposed
new road (about 17km long) is a part of
the study area which located between
longitudes 31° 29' 15" to 31° 29' 10" E
and latitudes 30° 36' 3" to 30° 53' 48" N
(Fig.1).  Thirty one boreholes were
drilled in the study area to represent the
construction of suitable sites on this
planned road (8 bridges and 9 tunnels).
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Fig (1): location map of investigated
boreholes of study area

2. Geologic Setting

The study area is characterized
by the low relief and its surface slopes
gently towards the north direction and
take a rolled shape towards the south
direction where the land rises up to a
moderately  elevated plateau  with
elevation ranges from 5 to 100 m
(Bayoumy, 1971; Abd EI Gawad, 1997).
The stratigraphic succession of study
area ranges in age from tertiary to
quaternary and had a thickness of more
than 500 m. The subsurface Tertiary
rocks are divided from bottom to top
into: Oligocene rocks, Miocene rocks
and Pliocene rocks. The subsurface
Miocene rocks are subdivided from
down to top into Sidi Salem, Qawasim
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and Rosetta formations, while the
Pliocene rock units are subdivided from

bottom to top into Abu Madi, Kafr El
Sheikh  and  Wastani  formations
(Schlumberger, 1984).The Quaternary
deposits covered most of the study area
and its classified, from bottom to top,
into Pleistocene and Recent (Holocene)
fig. (2).The rock units which exposed in
the area a\re mainly related to the

IN_EL-K!

quaternary deposits. These deposits e

represented by Nile silt, Wadi deposits, ——

alluvial fans and sand dunes (GPC and Lot

CONOCO, 1987), this illustrated in fig. B sees e : _ b e

(3).The sequence is composed of sands, S wethreks oo v
sandy gravels, sandy silt, clay, silt, clay — el e

and silt with sand. The sands are coarse
to medium grained in size and
occasionally cemented by calcareous
materials. The lithology description of
some boreholes are illustrate in Fig. (4)

Fig(3) : Geological map of study area (GPC and
CONOCO, 1987)

Bore Hole No. 3 Bore Hole .4
.The borehole number 3 represent the :
) ; . Thickness | Sample Age | Libtology ‘::\;"m ;’“"’
lithology of tunnels (9 tunnels) with 10 M| Ohoegy | S '
m depth, while the borehole number 4 AN LS | -
represent the lithology of bridges (8 2 ; ¢ ow
. . c 1 H
bridges)with 20 m depth. i i v ow
[ g g
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250 Clay (aquitard) calcareous matenals
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> .
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E g 350 Sand and grave (aquifer) Fig (4): description of the lithology of some borehole log
S in study area.
Upper | 120 [S58 .
g e 3. Material and Methods
S| icae | 200 ==
'-j;‘é White chalky limestone and maris
R: Holocane Thirty one sediment samples from
31 boreholes were collected at a depth from
Fig (2): Ideal stratigraphic of exposed section at the 0 m to 20 m to study the physical,
studied area, modified after (Schlumberger 1984) chemical, and engineering properties. The

current study involves detailed field
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investigations, X-ray analysis for clay
minerals, chemical tests and measurements
of physical and mechanical parameters such
as( sieve analysis, initial water content,
atterberg limits, free swelling test, standard
penetration test (SPT) and direct shear test).

X-Ray Diffraction analysis of
clayey samples was carried out to identify
the mineralogical composition. This analysis
was carried out on 5 clay fraction samples.
The Technique of X-ray analysis carried out
by prepared three oriented particle mounts
of clay samples as powder shape, then
pipetting of this samples suspension on
glass slides, one of these mounts was
examined by X-ray in its original state
(untreated). The second was X-rayed after
saturation with ethylene glycol (glycolated)
and the third was examined after heating at
550°C for two hours (heated). The X-ray
diffractograms of oriented samples carried
out according to (Moore and Reynolds
1997) and measurements of physical and
mechanical parameters such as sieve
analysis, Atterberg limits, moisture content,
free swelling test, chemical analysis and
direct shear box were carried out on the
studied samples according to ASTM
techniques.

4- Results

4-1-Sedimentological Studies

The investigated sedimentological
studies were carried out to differentiate the
grain size distribution of the studied samples
and calculated the statistical parameters
which obtained from grain size analysis.

4.1.1. Grain Size Analysis

Grain size analysis required for
classifying the sediments into coarse and
fine grained soils (ASTM D-422). Hamidi,
et al (2012) have explained that in well
graded soil the finer particles fill the void
formed by coarse particles resulting in a

more compacted material and providing
more inter locking within the material than
in gap graded or uniformly graded soils.
Hence a well graded soil is more likely to
impart higher shear strength.The results of
the mechanical analysis are tabulated in
table (1) and the data are represented by
histogram and cumulative curve (Figs. 5-
Aand 5-B). The constructed histogram (Fig.
5) shows the average of the particle size
distribution for study sediments and the
cumulative curve (Figu.6) shows the
textural. The statistical parameters obtained
from the grain size analysis are the graphic
mean size (Mz), the sorting coefficient (' 1)
and the skewness (SKI). The (MZ) of these
samples results ranges from 0.93 (] to 2.08
1 and the major samples falling in the
(medium sand grade).
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Fig (5): A-Histogram shows the average of the particle
size distribution of sand sediments of study area .B-
Cumulative curve of the average of the sand sediments of

study area.
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The sorting coefficient (I ]) ranging
from (0.58 to 1.26 ' ') and the major samples
falling in the moderately sorted, while the
value of skewness (SKI) range from (- 0.15
1 to 0.48) and the major samples values

indicates that the samples are strongly fine
to coarse skewed and the kurtosis (KG)
ranging from (-0.64. to 1.22) and the
major samples falling in very Platy kurtic.

Table (1): show Average of Grain size data of the studied subsurface samples (31 samples).

Grain Size Minimum Maximum Average
=2 mm (G) 5 0.48
2- 1 mm (V.c.5) 12 3.93
1- 0.5 mm (C.s) 12 50 30.26
Weight % of fraction | 0.5-0.25 mm (M.s) 25 68 46.33
0.25 - 0.125 mm (F.s) 22 11.22
0.125- 0.063 mm (V.f.5) 7 3.72
=0.063 mm (silt + clay) 1 10 4.06
H5 -0.99 0.62 -0.07
bl6 -0.4 1.1 A8
H25 0.22 1.28 0.75
Grain size percentiles | $50 0.8 1.82 1.32
H75 1.5 3.20 1.9
B84 1.8 3.40 2.27
©95 2.8 4 3.59
Mz 0.93 2.08 1.36
81 0.575 1.26 0.98
Textural parameters | SkI -0.15 0.48 0.15
KG -0.64 1.22 0.78
KG -1.8 0.55 0.37

Sk1=Inclusive graphic skewness; 1= Inclusive standard deviation; Mz=Mean size; KG= Kurtosis;

G= Gravel V.c.s=Very Coarse sand; C.s= Coarse sand; M.s= Medium sand; F.s= Fine sand; V.f.s= Very fine

4.2. Mineralogical Studies

The clay minerals are determined
by X-ray diffraction analysis. This
analysis was carried out on the clay
fraction of five samples which were
separated from clay beds. The X-ray
diffraction analysis of the selected clay
samples revealed that the main clay
minerals in the studied samples are
montmorillonite and kaolinite (Fig. 6).

4.2.1. Montmorillonite

sand.

It is the most predominant
mineral in the studied samples forming
up to 75% of the clay mineral content.
Montmorillonite is the most common
mineral of the smectite group, which has
important base exchange properties.

4.2.2. Kaolinite

Kaolinite is the second abundant
mineral in the studied clay samples
forming up to 25% of the clay mineral
content.
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Fig (6): X-ray diffraction of the studied clay fractions.

4.3. Partial Chemical Tests

The degree of aggressive for soil
can identify through some chemical tests
by calculating the concentration of
sulphate, chloride, and the PH values of
the soil. These values are occasionally
required to confirm the degree of
aggressive for soil. The chemical tests
data are given in table (3) and the results
according to Egyptian code ECP -202/2

table (2) are indicate that the soil
characterized by high sulfur
concentration 1.51 mg/l which indicate
aggressive nature of the studied soils and
lead to enhances the corrosion of
concrete foundations. The average of the
total dissolved solids (T.D.S) is
477.4mg/l  which indicate aggressive
nature of the studied soils. The average
values of the electric resistances (E.C)
are 725uS/cm indicating that the studied
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soils are highly aggressive .However, the
chlorides 97.4 mg/l and pH 8 which

indicate to non-aggressive nature of the
studied soils.

Table (2):- shows the degree of soil aggressive according to Egyptian code.

Degree of Aggressive Non Aggressive Moderately Aggressive Highly Aggressive
Aggressive
So3 % < (.1 % by weight | 0.1-0.5 % by weight | (.5 %-2 % by weight = 2% by weight
ClL (P.P.M) =300P.P.M 300-1000 P.P.M 1000-2000 P.P.M =2000 P.P.M
PH value 7-8 7-6 6-5 <4.5
Electric resistance ()uS/cim) =3000 1500-3000 1000-1500 =100

Table (3): Results of partial chemical tests of the studied

samples
SampleNo. | PH :S:fgn [T)I])): p(i)'];l S03 %
21 79 | 1623 | 1038.7 | 295.66 | 2.19875
82 8.1 468 29952 | 6427 | 0.93098
112 ) 306 19584 | 20.57 | 0.54345
132 8.1 368 32552 | 1028 | 0.78726
181 8.2 505 3232 | 5142 1.412
201 8.1 | 1787 | 1143.7 | 244.24 3.631
252 8 462 295.68 | 30.85 0.7655
281 7.8 280 197.2 61.7 1.874
Minimum | 7.80 | 280.00 | 19584 | 10.28 0.54
Maximum | 8.20 |1787.00| 1143.70 | 295.66 3.63
Average | 8.02 | 786.60 | 515.89 | 108.49 1.63

4.4. Geotechnical study

The geotechnical tests of the
studied samples include initial water
content, Atterberg limits, free swell |,
standard penetration test (SPT) and
direct shear test.

4.4.1. Initial Water Content

When the soil is exposed to a
certain amount of load it tends to deform
in the direction of the application of the
load. The type and value of deformation
dependent on the origin of the soil, the
structure of the soil particles, and water

content(lsmail and Teshome, 2011).The
effect of water content on clay mineral
properties are considered in terms of
their plasticity ,also change in water
content of the soil or rock reducing the
strength of soils as collapsible soil and
the friction along any discontinuities

(McLean, Gribble 1985).The water
content determined of studied clay
samples according to (ASTM D-

2216).The values of the water content of
studied samples are given in table (4).
They range from 30.84 to 44.71%.

4.4.2. Atterberg
Consistency of Soil

Limits and

The Atterberg limits are a term used to
describing the consistency of the fine grained
soil and is related to a large extent to the water
content. This term is defined as the boundaries
between four states of soil according to (ASTM
D-4318). The soil passes through various states
of consistency. These states are liquid, plastic
and semisolid states. Liu and Evette (1992)
defined the consistency indices as the degree of
firmness of the soil, both plastic and liquid
limits is consider as important indices which
used in the engineering classification of the
clays.. The results of the atterberg limit and
consistency indices are given in table (4).
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Table (4): The results of water content, Atterberg limits, consistency Indices and free swelling test of the studied clay

samples
water content Atterberg limits consistency indices Free Swell
sample No.
W.C% L.L % PL % SL % PI% LI% €1 % F.5 %
1-1 37.83 37.18 21.70 11.40 3548 043 0335 1950
12 30.84 39.33 2216 12.10 37.17 023 0.77 182.0
21 3093 5829 22.18 11.30 36.11 024 0.76 140.0
31 446 60.51 2520 13.30 3531 0.35 032 179.0
4-2 3315 5133 2290 1530 28.43 043 099 1450
7-1 3548 3338 21.14 13.30 3224 0.44 0.36 1700
8-1 3574 5542 2050 1830 34902 044 036 1840
111 34900 61.26 2850 14.30 32.76 020 0.80 198.0
131 3799 64.17 2050 17.30 3467 024 0.76 2330
151 38.16 5800 27.80 18.00 31.10 033 0.67 2130
152 4194 6552 3150 13.30 34.02 031 0.69 2420
153 4450 71.36 36.85 16.90 3451 022 0.78 2530
16-1 4276 682 3244 13.00 3376 029 0.71 1730
16-2 36350 302 285 1230 30.70 026 0.74 1320
16-3 4276 6270 3542 1120 3328 022 078 1950
17-1 3875 62.15 3137 13.00 3078 024 0.76 2120
18-1 4471 68.12 3422 14.00 3390 031 0.69 1950
191 4092 63.45 3224 11.80 3121 028 072 2030
20-1 3084 6194 31.72 13.70 3022 027 0.73 198.0
21-1 40.54 61.14 3155 12.00 2959 030 0.70 2000
221 36.08 6072 30.84 12,40 2088 018 0&2 2090
231 4033 6520 3331 13.00 3169 022 0.78 2130
241 38097 6240 32.19 12.50 3621 0.19 0.21 2450
25-1 3638 62.17 3439 13.00 2778 0.07 093 2020
30-1 38.17 6432 3243 2050 31.89 0.18 098 197.0
Minimum 30.54 51.33 20.5 11.20 27.78 0.07 0.52 140
Maximum 44.71 71.36 36.85 20.50 37.17 0.55 0.99 255
Average 38.53 61.96 29.19 14.10 32.76 029 0.74 197.52
4.4.2.1. Liquid Limit (L.L.) Table (5) Potential Swelling classification of soils based
on Liquid limits (after Snethen,et al 1977)
The liquid limit is defined as the Liquid Limic Potential Swell Classification
- - - <50 Low
water content corresponding to a limit pron F—
between liquid and plastic states of >0 High
consistency. The liquid limit s 4.4.2.2 Plastic Limit (P.L
. 4.2.2. ic Limit (P.L.
considered as a tool reflects the type and astic (P.L)
amount of :j:!aij/ minerals. Snet_hen_, etfal The plastic limit depends on the
(19;_7) _Stu 1€ s_e\I/ente(iIn_ C”rt]e”a Ior type and the amount of the clay fraction
p;e r']c‘?‘t'ng EOte_nEj'fi SV‘(’je Ihng the r:e_su t; in the soil and is determined for the part
:)_ t el_r Stl:] y tl)n |cajted_t at tfe IQUI_I of soil passing from sieve No. 40
Imlrl' Is the . eISt mdlcat%r_ 0; SO!I (425um) of studied samples (ASTM D-
S‘INe |fng p_otenUa 'f[y an_ use Im the S?]' 4318). The results of the plastic limit of
:L‘-aS-SCIi |ﬁat|_ond as gl;/eE In t?jt_’ Z (5)- TI € the studied samples range from 20.5 to
iquid limit data of the studied samples 36.85 % (table 4).
range from 51.33 to 71.36 % (table 4),
these results indicated that the soil 4.4.2.3. Shrinkage Limit (S.L.)

classified as marginal to high swelling
potential soils (Snethen, et al. 1977).
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According to Arora (1988), the (Table 4) and reflect that the liquidity
shrinkage limit is defined as the lowest index of soil is plastic state.
water content at which the soil can still

be saturated. The shrinkage limit data of [T e [imerm] [ Ser i | ety i |

the studied samples range from 11.2 to " ‘

20.5% (table 4). ”

4.4.2 4. Plasticity Index (PI) g ©) ©

o S /

The plasticity index defined as f:” (O

the numerical difference between the ; O

liquid limit and plastic limit and ) G [ e

describes the ability of a soil to undergo ¥ A @ '

an unrecoverable  deformation at o S O

constant volume without crumbling; this
property Indicates the presence Of Cla‘y CL: Inorganic clays of low CL-ML : Dual group compressibility
minerals (Craig, 1982) as table (6). If the o compressibility 0l : Organic silts,clays and organic

Inorganic clays of high matter of low compressibility

p|aSt|C|ty IndEX Of a SO“ was greater, it compressibility OH Organic silts,clays and Organic

ML : Inorganic silts and very matter of high compressibility

will be the engineering problems S Kt vty

associated with using this soil as an S

engineering material, such as a

foundation support for residential Fig. (7): Classificgtion of the fine-grained soil of the
building and road sub grade (Joseph, and study area by plasticity chart (After Casagrand, 1948).
Bowles (1984).The results of the

plasticity index of the studied samples

0 0 60
Liquid limt (%)

range from 27.78 t037.17 % (table4) that Table (7) shows the 9Ias_sification of soil types according
revealed high plastic nature of these to Liquidity Index (L1)
Samplesl Liquidity Index (LI) Soil State
<0 Semi-Plastic or Solid Stats
Table (6) shows the classification of soil types according 0-1 Plastic State
to plasticity Index (PI). 71 Liquid State
Plasticity Index (PI) Soil Plasticity Soil Type
0 Non-Plastic Sand
<7 Low-Plastic Silt
717 Medium-Plastic Silty clay or clay silt
17 High Plastic Clay 4.4.2.6. Consistency Index
4.4.2.5. Liquidity Index (L.1.) Consistency index defined as the

ratio of the difference between the L.L
and natural water content to the
plasticity index, this index useful in the
study of the field behavior of saturated
fine grained sediments.Das (.2010)
proposed grades of stiffness of soil
according to relative consistency as table
(8).The results of the consistency index
of the studied samples range from 0.52

Liquidity index is used to predict
the physical state of the soil at its natural
moisture content. The numerical data for
this prediction proposed by, Whitlow
(1983) is as in table (7). The results of
this liquidity index of the studied
samples range from 0.07 to 0.55 %
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to 0.99 % (Table 4) indicating stiff to very
stiff grades of the studied soils.

Table (8): Grades of Stiffness of Soil and Relative

Consistency.

Degree of Stiffness Relative Consistency
Very Soft 0
Soft 0.01 -0.25
Medium 0.26 - 0.30
Stiff 0.51 - 0.75
Very Stiff 0.76 -1
Extremely Stiff =1

4.4.3. Free Swell of the Clayey Soil

Generally, clay has high swelling
characteristics. The free swell test
defined as the increase in volume of soil
without any external constraint when
subjected to submergence in water. It is
considered as one of the simplest
identifying tests for recognizing the soil
expansively (Holtz and Gibbs, 1956).
The swelling soils classified according to
Egyptian code (ECP -202/2) as table (9).
The results of the free swell of the
studied samples are illustrated in table
(4) and ranges from 140 to 255 %, which
indicate that the soil characterized by
high to extreme swelling properties.

Table (9): Free swell (%) and its corresponding degree of

swelling according to Egyptian code

Free swell (%) Degree of swelling
<30 Non
30-70 Weak
70-100 Moderate
100-250 High
=250 Extreme high

4.4.4. Classification of Engineering
Properties of Soil

The engineering classification is
used to identify the suitability of the soil
for construction uses. The studied soils
are classified according to USCS
(ASTM D2487) by using the plasticity
chart that proposed by Casagrande
(1948). In this chart the plotting of the
studied data revealed that the major fine
grained layers of study area are
classified as inorganic clay of high
plastic soil and some layer are inorganic
silt of high plastic soil.

4.45. Standard Penetration Test
(SPT)

According to (ASTM D-1586)
this test is carried out to determine the
geo-technical engineering properties of
subsurface layers of soil, class of soil
and to obtain the penetration resistance
or N—value. It is known as the number of
blows required to penetrate the soil to a
distance of 30 cm by using weight of
63.5 Kg falling from free height of 76
cm and carried out in site (not laboratory
tests). The obtained N-Value is used to
estimate the relative density and angle of
internal friction of the in-situ soils table
(10) (Meyerhof 1956).The angle of
internal friction is used to calculate
bearing capacity .The S.P.T values table
(11) are being inferred at end of
foundation depth (20 m) of the sandy
soil in the representative boreholes of
bridges in the study area. The N-values
range between 21 -46.5 which elucidate
that the state of compaction of the
natural soil are range from medium loose
to dense and the values of friction angle
ranges between 330 - 40(].
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Table (10): show Correlation between SPT and Angle Internal Friction ¢ (°) and relative density for cohesionless soils

(Meyerhof 1956).
[Bloj:;;}l‘;z_lnl Soil packing Relaii\;;h];ensity FricﬁlE;] angle
<4 Very loose sand <20 <30
4-10 Loose sand 20-40 30-32
10-30 Compact sand 40-60 33-36
30-50 Dense sand 60-80 36-40
=50 Very Dense sand >80 =40

Table (11) Results of N-value of the standard penetration
test (SPT) at 20 M depth (end of foundation depth )

Table (12): Shear strength parameter of studied sand
samples from shear test

Borehole N-Correction Borehole N-Correction
Number (N/30cm) Number (N/30cm) Sample Normal Stress Shear Stress Friction Angel Cohesion
No. (Kgilem? ) (Kgiiem? ) (€] c(KG)
1 395 18 30 1 0.47
2 40.5 19 36.5 43 2 1.01 33 0.0
4 46.5 20 35 3 1.47
5 39.5 21 38.5 ! 0.8
6 45 22 305 13-2 2 1.41 33 0.0
3 2.22
T 40.5 23 32
1 0.79
8 35 27 25 232 2 128 kT 0.0
9 28 28 21 3 210
13 315 29 31 1 0.72
14 295 10 13 27-2 2 1.66 36 0.0
17 25 31 a5 3 24
1 0.81
Minimum 21
31-2 2 1.67 36 0.0
Maximum 46.5 3 248
Average 3435 Minimum 13
Maximum 36
. A 344
4.4.6. Direct Shear Test e
. - 4.4.7. Bearing Capacities
The direct shear testis a gtap

laboratory test which used to measure
the shear strength properties of soil.by

The bearing capacity is the
ability of the foundation material,

determines the shear strength parameters
(C and ¢). These parameters are
determined in the studied sand soils
according to (ASTM D 3080). The
calculated shear strength parameters
(table 12) show that the friction angle
(p) of the studied samples range from
33° to 36° while the cohesion C equal to
zero for sand sample (Fig. 8).

weather soil or rock to carry loads safety
without shear (Terzaghi, 1943). In the
study area there are two types of
foundations, shallow  foundations
represented by surface tunnels above the
ground and deep foundation represented
by bridges. The deep foundations are
supported by piles and loaded in sand
bed with diameter 1 m and area 0.785 m?
at depth 20m. The values of allowable
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ultimate bearing capacity range from 210
ton to 465 ton at 20 m depth. These
values (table 13) are illustrated in
distribution map (Fig. 9) and indicate

that the soil bearing capacity increases
with increasing of S.P.T values, depth of
foundation, cohesion and internal
friction angle.

sample No.4-3

LS

Shear Stress(Hg fAomZ)

L5

sample No.13-2

Shoar Stross (g fan2)
[

os

sample No.23-2
L5

Shiar Stross (Kg fand)

a5

sample No.27-2

Ehirnr Straas (Kg Aam? )
e
- o

a%

sample No.31-2

™
W

Bheoi Sreas (FKg fomd)y

L5

Hormral St (K fomi®)

a5

Legend
C  cohesion

¢ internal frictional angle

Fig. (8): Shear Stress Versus Normal Stress of studied sand Samples
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Table (13): The values of allowable ultimate bearing 5. Conclusion

capacity The present works dealt with the
sedimentological, mineralogical and the
Borehole Qa Borehole Qa geotechnical properties of the foundation
Number Ton/m2 Number Ton/m2 A
beds and locate the risk zones that may
! 370 18 300 take place on the foundation beds during
: 19 o 363 the construction of the new road from El
: = 2 = [ inbillawain district. The
5 105 21 185 Zaga.12|g to Sin ' "
E 150 = 395 studies were carried out through thirty
7 105 23 320 one sediment samples collected from 31
§ 350 27 250 boreholes n at a depth from 0 m to 20 m.
> 160 28 210 From sedimentological studies
13 315 29 310 . . ..
the grain size analysis illustrated that, the
14 318 30 330 ) .
- %0 a 350 sediments are of medlum sand grade,
Aini 210 moderately sorted. The hlstogram§ show
_ that almost samples have bimodal
Mt = distribution types with medium to fine
Average 31 sand size grades. The distribution curves

are generally indicated that the studied
soils are good foundation sediment.

The mineralogical study of clay
fractions indicate that montmorillonite is
the most predominant mineral in the
studied samples forming up to 75% of
the clay mineral content, while kaolinite
is the second abundant mineral in the
studied clay samples up to 25% of the
clay content

The chemical test of the
investigated sediments shows that these
sediments have high content of sulfates
(12.51 mg/l), which may play role for the
corrosion of the concrete foundations.
The averages of the total dissolved solids
(T.D.S) are (477.4mg/l) indicate an
aggressive nature of the studied soils.
The average of electric resistances (E.C)
values (725uS/cm) reflects a highly
aggressive nature. However the average
chlorides is (97.4 mg/l) and pH is (8)
reflect a non-aggressive nature of the

Fig. (9): distribution maps of the values of the ultimate studied soils
bearing capacity
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The geotechnical tests of studies
soil samples revealed that, the clayey
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soils have high liquid limit ranges
between (51.33-71.36 %) compared to
their relatively low plastic limit (20.5-
36.85 %) with plasticity index (27.7-
37.17 %). In addition, the clay samples
are swelled and may be further
supported by the low values of shrinkage
limit (11.2-20.5 %) with high free
swelling (140-250 %). The direct shear
box data of the studied samples pointed
out that the cohesion equal to zero in all
sample, while the values of friction angle
range from 32° to 36°. The direct shear
parameters reveals that the ultimate soil
bearing capacity values of the studied
samples are range from 210 ton to 465
ton at the end of the founding depth (20
m). Distribution map of ultimate soil
bearing capacity shows that the highest
values of ultimate soil bearing capacity
are recorded at the southern parts of the
study area, while the lowest values are
calculated in the northern part of the
study area. This meaning that the
foundation beds at the southern part can
carry heavy loads more than that at the
northern part.
Recommendations

The results of the present
sedimentological, mineralogical and
geotechnical studies conclude that the
extreme clay layer of the study area
exhibits low quality materials and cannot
be used for any construction because of
its high swelling property, which has a
dangerous effect on the constructions. If
it is necessary to use this type of soil for
shallow constructions such as surface
tunnel above the ground, this soil must
be removed and replaced by another
clean sand soil come from another place
to be distributed under the foundation.
This new layer should not be less than 2
m thick. In another hand when use this

kind of clayey sediments in the study
area for deep foundation, such as
bridges, the soil layer should be
reinforced by the traditional means such
as piles
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