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Abstract

The present paper deals with geological, geotechnical, radiometric and
seismic hazard of part of alluvial soil at EI Hadka area in El-Fayoum
Governorate, Egypt. Geological study include carrying boreholes and sampling
to detect origin of deposits, then geotechnical study through sieve analysis, X-ray
, consistency limits, chemical analysis, shear box and triaxial test to estimate
engineering problems of different foundation beds and its solutions. Then
calculated seismicity of study area as peak ground acceleration PGA from
previous has been recorded data and their influence in soil behavior and carry out
simulation modeling to detect the deformation in soil under dynamic load by
finite element method FEM through computer program called Plaxis. Finally
radiometric study to detect concentrations of radionuclides in studied samples
were determined by y-ray spectrometer using high purity germanium detectors
HPGe detector to estimate Radium equivalent activity, effective dose rate, and
external hazard index

The geotechnical studies for EI Hadka samples give that, the uniformity
coefficient (Cu) range from 2.07 to 5.3, gradation coefficient Cg from 1.01 to
1.57, liquid limit L.L from 38 to 87 %, plastic limit P.L from 19 to 29 %,
shrinkage limit S.L from 11 to 18 %, plasticity index P.I from 19 to 61.4,
liquidity index L.I from -0.195 to 0.306, consistency index C.I from 0.69 to 1.19,
F.S, 70 to 266%, water content W.C 19.55 % to 24.83% for clay and 4.0 to 7.4
for sand 4.0 to 7.55%. From X-ray diffraction clay minerals are montimorillonite,
kaolinite and dikite. The amplification factor of peak ground acceleration PGA
will be obtained from finite element method (FEM) which gives the values 238 %
for mass less building and 143 % for mass less building. Liquefaction studies
give factor of safety from 0.20 (liquefiable) for sand to 3.87 (unliquefiable) for
clay. From radiometric analyses the soil is safe to human activity hence all
radionuclides concentration C and radium equivalent Raeq less than (370 Bakg™),
effective dose rate less Defr than (70 uSv y™) and external hazard index Hey less
than unity the all as recommended by the International Atomic Energy Agency
IAEA(1989).

Key wards: El Fayoum, Swelling soil, Stiffness, PGA, FEM, Plaxis, Liquefaction, effective dose rate.
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INTRODCTION

The study area located at El-Fayoum Depression which located between
Latitudes 29° 00’ and 29° 45’ N and Longitudes 30° 05’ and 31° 05’ E. the study
carried out by investigation to fifty bore holes at EI Hadka area which located at
eastern south of ElI Fayoum City, between latitudes of 29° 18" 22**and 29° 18" 27"* N
and longitudes 30° 51" 22"'and 30° 51" 29" E EIl-Fayoum Depression is shown in

(Fig.1).

30°51"21"E 30°51"'24"E 30°51°27T"E

* Bore hole

Fig. (1): Location map of study area.
Geologic Setting

Geologically, EI Fayoum and vicinities are occupied by sedimentary rocks
belonging to Tertiary and Quaternary. The surface exposure has a thickness of about
848 m (EI-Sheikh, A.E. 2004) as in (Figure 2). Quaternary deposits are distinguished
into, Holocene and Pleistocene deposits as follows:

Holocene Deposit

Holocene deposits are distinguished into; Aeolian deposits, young lacustrine
deposits and young Nilotic deposits. Aeolian deposits are composed of loose quartz
sand. Young lacustrine deposits are well defined in EI Fayoum depression, associated
with the lake development and composed of fine sand and clay with thin relics of
gypsum and carbonate materials forming the agriculture soil. Young Nilotic deposits
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have a variable thickness (1 m to 12 m) as a result of the seasonal Nile floods and
composed of silt and fine sand dominated by quartz grains and heavy minerals.
Pleistocene Deposit
Pleistocene deposits are differentiated into Old lacustrine and Old Nilotic
deposits. Old lacustrine deposits (45 m thick) are present within the depression area in
the form of terraces. They consist mainly of clay, fine to medium coarse sand with
considerable amounts of calcareous and gypsiferous materials.

Tertiary Deposit

Tertiary deposits are differentiated into Pliocene, Miocene, Oligocene and
Eocene rocks as follows:
Pliocene Deposit

Pliocene deposits (90 m thick) are defined in the Nile-Fayoum divide forming
of fossiliferous sandstone in some places overlain by Quaternary sand and gravels
(Said, R. (1962).
Miocene Deposits

The Miocene deposits (20 m thick) are exposed at Gebel Qatrani to the north
of ElI Fayoum depression overlying basalt exposures. It composed of a series of
alternating beds of sand and gravels with silicified wood remains.

30°20° I0°30° 30400 F0°S0" -
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Fig. (2): Show the geological map of the study area (after Hermina, et al., 1987).

Oligocene Deposits

The Oligocene deposits are encountered underneath the Miocene rocks at
Gebel Qatrani area and capped by basalt sheet. They are composed of sand and
sandstone with shale and marl interbeds. These rocks are rich with silicified wood and
land animals (crocodiles, tortoises and turtles).
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Eocene Deposits
The Eocene deposits have a wide distribution in EI Fayoum-Wadi El Rayan area. The
rock succession is composed mainly of sand (69%), shale (19%) and limestone (12%)
with high fossil content. These facies and faunal content indicate shallow marine
environment (Said, R., 1962).
Structural Setting

El- Fayoum depression is a structurally-controlled tectonic basin, marked by
northeast-striking faults along its northern margin. Qarun Lake is located in the
northern part of EI- Fayoum depression, at a right-step between two strands of the NE
striking fault system. The E-W structures probably related to the relative motion
between south Europe and north Egypt and closure of the Neotethys .The continuation
of these faults in the present area is only detected from magnetic and seismic studies

(Fig. 2).

Methods and Materials

1. Collected the soil samples through carried out borings in the study area using
mechanical drilling (Rotary drilling rig) at depth of 15 meters from the surface of
the Earth's natural location of each individual bore hole (Fig.1). From 15
boreholes selected 75 sediment samples (30 clay samples and 45 sand samples) to
study the physical, mechanical, chemical and radiometric properties of this
region’s sediment.

2- Simulation technique was by finite element modeling to calculating the soil
behavior and its amplification to peak ground acceleration (PGA) of earthquakes by
using PLAXIS V.8 program.

3- The radiometric measurements by y-ray spectrometer which used HPGe detector to
estimate Radium equivalent activity, effective dose rate, and external hazard index.
Results and Discussion

Sieve Analysis

According to (Holtz, R. and Kovacs, W. 1981), a well-graded soil is poorly-sorted,
while a poorly-graded soil is well-sorted. The results of sieve analysis to sandy soil
give in (table.1); uniformity coefficient range between 2.07 (poorly graded) to 5.3
(poorly graded), and uniformity decreases at 8m depth and increases in down word.
Results of the coefficient of gradation range between 1.01 (well graded) to 1.57 (well
graded). Whereas figure (3) show particle size distribution curve in study area figure
(4) show Cu, Cc distribution contour map to study area at 8m depth

In geological concept sediments of study area have sorting between 0.49 (well sorted)
to 0.74 (moderately well sorted) and Average 0.58(moderately well sorted) and
sediments are medium to fine sand and finesse increase at 8m depth before
sedimentation of clay layer that are characteristics of river and stream (Fluvial)
deposits. Also these sediments have same characteristic of deltaic deposits which
form where rivers and streams enter larger bodies of water. According permeability
coefficient soil has coefficient between 0.01cm/s (medium permeability) to 0.1cm/s
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(high permeability) and average 0.023 cm/s (medium permeability) (Lambe and
Whitman, 1969).

—— Sample No.1_8
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Fig. (3): Particle size distribution curve for sample No.1.
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Table (1): show particle size distribution parameter of studied samples.
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Atterberg limit and Swelling of Clay Soil

The consistency of cohesive soils is greatly affected by the water content of the soil.
A gradual increase of the water content, for example may transform dry clay from
perhaps a solid state to a semisolid state to a plastic state, and after further moisture
increase, into a liquid state. The water contents at the corresponding junction points of
these states are known as the shrinkage limit, the plastic limit and the liquid limit,
respectively. On the other hand the consistency of cohesive soils effect on the shear
strength of soil and the relation between consistency and strength of soil is reversely
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relation. The results of the liquid limit of studied samples are given in table (2) results
of the liquid limit range between 38 to 87 % and average 65.31. Distribution of the
liquid limit shows an irregular increase at southern part and decrease in northern part
at 3m depth, while the liquid limit increasing at the eastern parts and decrease in

western part at 6m depth as in figure (5).

Table (2): Consistency limits and swelling of clayey soil.

Sample | "pux |W.C|LL|PL | SL | Pl L.l C.l F.S
No. % % | % % % %
1-3 18.70 | 23.92 | 60.8 | 22 14 |138.8| 0.049 | 0.950 140
1-6 19.81 [1955)| 66 |242| 13 ]418]-0.111| 1.11 138
2-3 18.76 | 22.3 | 58.2| 21 | 134 |37.2| 0.034 | 0.965 143
2-6 19.85 | 20.1 | 654 | 25 12 1404 ]-0.121 | 1.121 135
3-3 18.74 |22.06 625|208 | 15 |41.7] 0.030 | 0.969 145
3-6 19.07 | 194 | 64 | 23 | 135 | 41 | -0.087 | 1.08 144
4-3 18.72 | 223 | 613|225 143 |38.8 | -0.005 | 1.005 125
4-6 18.89 |19.34|67.1|23.7| 128 |43.4|-0.100| 1.10 148
5-3 1887 | 234 | 59 | 24 13 35 | -0.016 | 1.01 128
5-6 18.93 | 183 | 653 | 26 14 139.3]-0.195] 1.19 145
6-3 1857 | 226 | 87 |283| 11 |58.7|-0.097| 1.09 266
6-6 20.08 | 194 | 684|266 | 12 [418]-0172] 1.17 158
7-3 18.6 228 | 85 | 254 | 114 |59.6|-0.043| 1.04 260
7-6 19.97 | 208 | 67 | 24 13 43 | -0.074 | 1.074 170
8-3 18.48 | 241 | 795 29 12 | 50.5|-0.097 | 1.097 240
8-6 20.02 22 |703| 23 | 116 |473|-0.021| 1.02 155
9-3 1851 | 235 | 86 |247| 14 |61.3]-0.018 | 1.018 230
9-6 20.1 19 |[676]| 25 11 |426|-0.140 | 1.14 164
10-3 1852 [ 2256|848 | 28 | 128 |56.8 | -0.095| 1.09 248
10-6 2003 [1945| 68 |231| 15 [449|-0.081| 1.08 153
11-3 18.58 23 40 1208| 17 |19.2] 0.114 | 0.885 75
11-6 19.85 21 706 24 | 154 |46.6|-0.064 | 1.06 166
12-3 18.76 |24.83| 38 | 19 14 19 | 0.306 | 0.693 82
12-6 19.8 192 | 733[26.8| 11 |46.5)|-0.163| 1.16 170
13-3 1857 | 234 | 414 | 22 18 194 0.072 | 0.927 70
13-6 19.77 | 203 |69.6 | 274 | 131 |422]-0.168| 1.16 160
14-3 18.56 |22.87| 44 | 23 | 157 | 21 | -0.006 | 1.00 85
14-6 19.84 [18.78| 77 | 257 12 |513]-0.134| 1.13 178
15-3 18.60 | 234 |40.6|20.2| 174 |20.4 ] 0.156 | 0.843 77
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Fig. (5a): Liquid limit and Plastic limit distribution map at 3m depth.

The results of shrinkage limit range between 11 to 18 % and average 13.58% as
in (table. 2). Liquidity index according to (Whitlow, 1983) ranges between -
0.195(semi-plastic solid or solid state) and 0.306(plastic state) and average -
0.045(semi-plastic solid or solid state) as in (table. 2). The spatial distribution of
liquidity index is shown in (Fig.5b) and reveals that LI increase in the north and
decrease in south part at 3m depth, while the higher values are in northeast and south
west and the lower values are recorded at the southeast and central part at 6m depth.

The values of consistency index range between 0.69 (stiff) to 1.19 (extremely
stiff) by average 1.04 (extremely stiff). The spatial distribution of this index is shown
in (Fig.5b) and reveals that the south zone of the study area has higher values and the
lower values are recorded at the north part at 3m depth, while the central and
northeast of study area have higher values and the west and south have the lower
values at 6m depth.
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Fig. (5b): Distribution maps of Liquidity index, Plasticity index, Consistency index
and Free swell at 3m depth.

Mineralogical Composition of El Hadka Clay

Clay mineralogy can cause a soil to increase in volume or expand in the presence
of water. The non-expansive clay minerals as kaolinite or dikite have lower plasticity
index values and water attracting index values than expansive. In turn expansive clay
montmorillonite has a wide range of plasticity index values. Table (3) show percent of
clay fraction in study area on the other hand figure (6) show three run charts of
studied clay of El Hadka area.
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Table (3): Relative clay minerals contents of studded clay samples

Sample No. | Kaolinite % | Montmorillonite % | Dickite %
1-6 30.2 60.5 --
6-3 33.3 46.6 --
11-3 -- 76.2 17.2
14-6 33.2 51.3 --

Sample (6-3)

- _ Sample (1-6) Fonts

K: Kaolinite . _W -

1o0: Montmorillonite

Mo K : Kaolinite

Mo : Montmorillonite

Sample (11-3) . Sample (14-6)

K: Kaolinite
Mo: Montmorillonite

Fig. (6): X-ray diffraction of the studied clay minerals of samples no. (1.6), (6.3),
(11.3) and (14.6).

Classification of Studied Soils

Unified soil classification system subdivided the soil into two main groups as
a function of their predominant sizes and associated plasticity. The coarse grained
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soils are composed of sand size and larger particles. The fine grained soils consist
predominantly of silt and clay sized particles with differing degrees of plasticity as in
(Fig.7) measured by their Atterberg limits rather than by sieving and hydrometer
analysis the type of soil according USCS successes as the following: at 2 m is sandy
clay, clay at 3 meter, fat clay with sand at 4m and poorly graded medium sand from 7
to 15 m.

Low plasticity Interm High Very High | Extremely High
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Fig. (7): Plasticity chart to classification of studied samples at EI Hadka area

Mechanical Analysis

The shear strength properties and stiffness properties of soil by direct shear and
triaxial tests shown in (table. 4). The results of mechanical properities of sandy soil
which represented by internal fractional angle only because cohesion equal to zero in
all sample, the frictional angle range between 32° to 38° with average 35.25° as in
(Fig.8). The average indicates medium shear soil that is related to grain size and
uniformity of soil. From sieve analysis results uniformity coefficient C.u and median
Dso in (table. 1), well graded specimens in medium-and dense states have higher peak
but lower residual strength than intermediate and gap graded specimens.

Table (4): Mechanical parameters of studied sand soil at El Hadka area.

Cohesion Elasticity Modulus Poisson Ratio
Salilnple - V\({/.C Streggth Internal i:ricti%nal . N
0. (i u angle(oy
(KN/m?) elete (KN/m?) (assumed)
1-8 [18.92]| 7.1 0 34 -- --
2-10 [19.05| 5.3 0 36 55000 0.3
7-10 |1891| 5.2 0 35 -- --
8-8 |18.81| 6.8 0 32 -- --
10-12 |19.26| 4.8 0 37 -- --
13-8 |18.85| 5.2 0 38 62000 0.33
15-12 19.08| 4.1 0 38 -- --

439



http://www.ijiset.com/

IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015.

Www.ijiset.com
ISSN 2348 — 7968
& S
a0 - —t + - + t [
_E_ a5 - Smnple THo, (1-83 | ___J_,_.-'_
E 1] } } -.._-___-.-'
- . [ =
E 15 - 1 ___'.t-"'"
g 1o e
& 5 [ e =34
o - } } } } } |
L] 10 =0 e ] 40 S0 (=1n]
Mormial steess (M Z)
50
— A5 —
23 —1
= 5% - -_ 1 =
= 33 Saangple ™o !ru______.
E:s
z2o —
L 15 -
g2 10 e
== = = -
[= I = ki =
Lo ] 10 =0 30 4.0 &0 [=ln}
Mormal stress [FEMAA02)
SO
B so -
= ) . P et
= 40 SCasmgele o (1252125 L—
E 30 e
20 - o
=
ﬁﬂ Lo o
- 35 =
o x ' ‘ | |
L ] 1 =0} 30 343 2 [-1e]
Normmal stress (AN 2]

Fig. (8): Normal stress versus shear stress in direct shear test on EI Hadka Sand soil

Researchers 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 interlocking within the material than in gap graded or uniformly graded soils.
Hence a well graded soil is more likely to impart higher shear strength (Hamidi, A.,
Azini, E. and Masoudi, B., 2012). The stiffness properties are represented by young's
modulus and poisson ratio shown in (table.5). Modulus for sand range between 55000
KN/m? and 62000 KN/m? with average 58500 KN/m? and increase with depth as in
(Fig.9). The ratio for sand soil couldn't calculate but assumed by references (after,
Bowles, Joseph E. 1997) and assumed for dense sand as 0.30 at 10 m depth and 0.33
at 12 m depth.
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Fig (9): Stress-strain curve in direct shear test on El-hadka for sand soil.
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In case of clay soil the elasticity modulus E can be defined by ability of
material to resist deformation within the linear range. This modulus is controlled by
different parameters as how the particles of the soil are packed and organized, water
content, cementation (Briaud, 2001). Calculating of elasticity modulus or from
oedometer test which called Eoed or graphically as in the present work from the slop
of linear range in the stress-strain diagram of triaxial or direct shear test called basic
stiffness modulus E stiffness modulus is important deformation parameters to be used
as an input values in Finite element deformation analysis by Plaxis. As well as
Poisson’s ratio effected by magnitude of stress which applied on soil it is commonly
assumed that for undrained conditions in fine-grained soils, v = 0.5. Where elasticity
modulus for clay soil ranges between 4200KN/m2 to 28000 KN/m2 with average
12814 KN/m2 as in table (5) and Mohr-Coulomb failure criterion from triaxial test in
(Fig.10) where the modulus increase with depth and has minimum value at sample
No.(1-1) which is soft clay has maximum value at sample No. (2-6) is hard clay
(Fig.11). Poisson ratio ranges from 0.35 to 0.45 with average 0.39 and decreases with
stiffness increase.

Table (5): Mechanical parameters of studied clay soil at EI Hadka area

Sample| ) we C‘ahesim(l: strength Internal Frictional Elasticit}'Emadulus Paissalr-]l ratio
No. " KNmH Angle(pu°) (KNm?) (assumed)
1-1 |1897|239 25 3 4200 0.43
g2 | 191 24 48 6 3400 042
3-3 |18.74[22.06 76 7 1100 041
6-3 |18 81|206 a0 9 2000 038
26 | 201(201 220 11 28000 033
7-6 |20.07)20.1 140 g 20000 037
15-6 |19.89]19.23 160 7 22000 0.37

Degree of Aggressive for Soil

All natural soil originated due to chemical and physical weathering of the rocks. The reactive
medium "soil" consists in its components in accordance with the four weathering products: sand,
clay, lime and humus, Soils which come into contact with construction materials may be corrosive,
to concrete or reinforcing steel, leading to failure of the structure or necessitating special
design considerations, (table. 6). The results of soil aggressive degree which can be classified
according Egyptian code 2002 the soil classified as non-aggressive for CI” in whole regions, non-
aggressive for SO3 in whole regions, non-aggressive for pH and non-aggressive for electric
resistance in whole region except sample No. (8-6) is moderately aggressive. For the ground water
the degree of aggressive is moderately aggressive for CI', moderately aggressive for SOz, non-

aggressive for pH and highly aggressive for electric resistance.
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Fig. (10): Mohr-Coulomb Failure Criterion for clay soil
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Fig. (11): Stress-strain curve in triaxial shear triaxial tested of El Hadka clay.
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Table (6): Results of soil aggressive degree of studied area.

Sample | E.C. T.D.S cr SO; H Tvpe of soil
No. | (uS/icm)| (PPM) | (PPM) (%) P yp
1-3 | 3050 | 20324 | 2703 | 0051 | 75 Fat clay
3-6 | 3289 | 21801 | 2084 | 0053 | 78 | ‘racly
with sand
73| 3012 | 20125 | 2571 | 0050 | 7.5 Fat clay
86 | 3360 | 21505 | 2834 | 0052 | 7.8 Fat clay
with sand
10-10 | 1795 | 1149 | 1478 | 0055 | 7.2 Poorly
graded sand
12-3 | 3073 | 20237 | 26523 | 0050 | 7.5 Fat clay
1510 | 1709 | 1130 | 1413 | 0.0523 | 7.3 Poorly
graded sand
33 | 5315 | 34237 | 61135 | 0.1 7.3 GW

Finite Element Modeling
The dynamic analysis will be carried out using linear stress strain relation, taking into
consideration the bedrock acceleration history at concerned area. The soil parameters required for
dynamic analysis are:
1- H, Soil profiles including the thickness of each subsurface soil layer and the depth of water table
(ground water record in study area at 1m).
2- Vs, Shear wave velocity calculated automatically by plaxis.
3- E, soil young's modulus from triaxial test as average tangent modulus.
4- v, soil Poisson's ratio from deformation in triaxial test,
5- ¢, soil cohesion from shear — normal stress relation.
6- o, soil friction angel as from slope of Mohr - coulomb envelope.
7- v4, dry unit weights.

Table (7): Show the input soil parameters in the finite element model.

Physical and Mechanical parameter
Young modulus | Poisson ratio
Salilnple W.C ‘e C g
0. °p E v
(%) | (KN/m®) | (KPa) , _
(KN/m") (Unit less)
8-2 22 154 34 |92 5000 0.42
3-3 21 15.86 70 104 9000 0.38
6-7 20 16.8 170 | 12 22000 0.37
2-10 6 17.45 0 34 55000 0.3
15-12 | 5 18.1 0 38 62000 0.33
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Model Description

A plain strain model for mat foundation rested on finite layers of sandy clay and sand. The
ground water is considered. The mat is 10 meters wide and 1.00m thick, the soil properties are
presented as in table 7.
The length of mat is much larger than its width. The earthquake is also supposed to have a dominant
effect across the width of the mat. Hence, a plane strain analysis can be performed. 15-noded
elements are used to simulate the situation. The unit of time is set to seconds [s]. The other
dimensions are left to their defaults (length: [m], force: [KN]). The subsoil consists of the sequent
layers of 80 m thickness presented in table 10, overlaying a rock formation figure 12a. The latter is
not included in the model.

The mat itself is composed of 5-noded plate elements. The vertical boundaries are taken
relatively far away from the mat. Physical damping in the mat and the subsoil is simulated by
means of Rayleigh damping. The earthquake is modeled by imposing a prescribed displacement at
the bottom boundary as in figure 12b. The vertical component of the prescribed displacement is
kept zero (u x =0.01m and u y =0.00m). At the far vertical boundaries, absorbent boundary
conditions are applied to absorb outgoing waves. In seismic hazard assessment the amplification
factor of soil is the very effective factor, which describes the change in ground acceleration from
bedrock to ground surface. The soil amplification factor is obtained by dividing the values obtained
for soil conditions (or softer soils) to the values obtained for rock (or harder soil) conditions, as
shown in relation (2).

ISSN 2348 — 7968

S=1 soiI/ | FOCK *evsnssnns (2)
Where, the factor (1) represents spectrum intensities. Figures (13a and 13b) show the acceleration -
time curve to ground motion of point F at bed rock and point A at ground surface, which have been
resulted from numerical calculation for mass and massless building, the comparison between two
cases of dynamic analysis illustrates that the amplification changed from 238% for massless
building case to 143% for mass building case because of mass damping.

plate

d = I

soil layers

& = = -

Fig (12): model formation and model mesh
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Fig. (13a) Acceleration-time curve of mass less building, of bed rock at (point F) and of ground

surface at (point A).
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Fig. (13b) acceleration-time curve of mass building, of bed rock at (point F) and of ground surface

at (point A).

Probability of Liquefaction at El Hadka Area

For all soils identified as susceptible to liquefaction, triggering of liquefaction should be
assessed throughout the depth of the layer. There are several approaches available for assessment of
triggering of liquefaction. These guidelines recommend the widely used simplified procedure based
on the empirical method originally proposed by Seed and Idriss (1981) and as summarized in the
NCEER guidelines by Youd et al. (2001). Depends on the ratio between Cyclic Resistance Ratio
(CRR) against Cyclic stress Ratio (CSR). Other simplified empirical methods supposed by Iwasaki

(1981).

A procedure to evaluate the potential of liquefaction termed in "Simple geotechnical
analysis". This procedures based on data obtained during a number of Japanese earthquakes. The
method is similar to the Seed Method in that a soil resistance against liquefaction, here called R, is
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calculated with the load (L) induced by an earthquake, the ratio of these two factors gives the
liquefaction resistance factor, F_
FL= RI/L

Liquefaction will be triggered if F <1.0. The triggering factor F_ is determined (for
liquefiable soils) throughout the depth of the deposit up to about 20 m depth. The empirical
calculation parameters of liquefaction in study area presented in (table 8).Where the ground water
table level located at 1.00 m blow ground surface. The results indicate according Iwasaki 1981 and
seed et al. 1983 that the clayey soil at 1-7m is unsusceptible liquefaction and resistance increases
with density and fine content, on the other hand pure uniform sandy soil at 8-12m is susceptible
liquefaction and resistance increases with depth, density, degree of gradation as in (table. 8).

Table (8): Average values of parameter from tested soils and liquefaction resistance factors.

Liquefaction parameter

Sample Y sat FC Gvo G'vo Ri | Rz | Rs a max
No- i | P2 | o | e [ ek (Nao) | 0s0) | FO) | " | cmis? RE R
82 | 1916 | - | - | 70| 5 | 38.32 | 28.32 | 0.036| 19 | -0.14|0-97 | 20.99|0.094 |0.027 [3.48
33 | 1861 | - | - | 94| 12| 56.93 | 36.93 | 0.05 | 0.19 | -0.12|0.95| 20.99| 0.12| 0.031[3.87
67 | 1962 | - | - | 86|35 |13541| 7541 | 006 | 049 |-0.13|0-91| 20.99| 0.2 0.034/3.52

8-8 184 |3.59|0.58| 3 | 35|153.81| 83.81 |9 0561/-0.049| 0.00 | 0-88|20.99| 0.007| 0.034(0.20
2-10 185 |2.58|0.68| 2 | 44 |190.81|100.81| 058 -0.05| 0.00 | 0-85|20.99| 0.008| 0.033(0.24
15-12 186 | 2.8 |0.68| 1 | 55 |227.81|137.81 |59 -0.05| 0.00 0.82|290.99| 0.009| 0.028/0.30

Bearing Capacity and Subgrade Reaction
For bearing capacity estimation of multilayer subsoil, the boundary conditions

of the previous model are modified by removing the prescribed displacement, and the
mat depth becomes 10 cm for omitting the stiffness effect of the of mat foundation,
and the mat foundation is loaded with 500 kN/m? distributed load. The plastic analysis
of model carried out according to coulomb’s model. The calculation stopped when the
prescribed ultimate state not reached and soil body collapsed. The resulted load-
displacement curve at middle point of mat is presented in. For identifying the yielding
point from the load-displacement curve two tangent of curve are constructed as in
(Fig.14) which gives he ultimate bearing capacity according to the ultimate limit state
as follows:

qu =0.615*500=307.5 KN/m? And Qa1 = qu/F.S = 307.5/3=102.50 kN/m?
Also the linearity limit state can be estimated from Load-displacement curve as
follows:

g= 0.25*500=125 kN/m2 and uy=0.119m
Then the subgrade reaction coefficient (K) can be estimated as:
K = g/uy =125/0.119 = 1050 kN/m°
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aw

Fig. (14) load-displacement curve at middle point of mat foundation

Radiometric Results
Thirty tow samples were collected (16 clay and 16 sand) at depths zero, 5, 10

and 15m. Soil samples were dried in an oven at 100° and sealed tightly to limit the
possible escape of radon and left for at least 4 weeks (> 7half-lives of ?’Rn and
*2*Ra) before counting in order to ensure that the daughter products of **Ra up to
2%} and of ?*Th up to “®Pb achieve secular equilibrium with their respective parent
radionuclides. Measurements were carried out on the studied samples using y-ray
spectrometer contains n-type HPGe coaxial detector of 17% efficiency. The
radioactivity concentration in the environmental samples was obtained as follow:
A (Ba/Kg)=Cy /ey pytm

Where A is the activity concentration, C, is the net counts, ¢ , is the absolute
efficiency at photo peak energy, P, is the gamma-ray emission, t is the counting time
in second and m is the mass of soil sample in kg. The Radiological effects calculated
by the following:
a. Radium Equivalent Activity (Ra eq):

Ra ¢q = Cra + 1.43C + 0.077C
Where Cra, C1h and Cy are the average activity concentrations for sediments in

Bagkg ~* of #°Ra, %**Th, and “°K respectively
b. Gamma-absorbed dose rate (D ate):

Drate = 0.0414Ck + 0.461Cgr, +0.623 C1y,
C. Effective dose rate:

Defr= D x 8760 h x 0.2 x 0.7uSv Gy ™ x 107 (8)
d. The external hazard index (Hex)

Hex = ARa/370 + A1h/259+ Ak/4810 < 1

The table (9) show the average of radiological effects for the studied area to

collected samples at different depths surface, 5m, 10m and 15m. The activity
concentrations (Bg/kg) for the El hadka soil samples, Cy, ranged from 21.51 to 6.9
with an average value (16.58), while Cg, ranged from 55.5 to 24.42 with an average
value (28.62) and for Cy ranged from 316.3 to 347.2 with an average value
(328.2).Figure (5.2) show the results of average of radionuclides concentration versus
with depth. The activity concentrations of all samples are in the expectable limit
which is (370 Bg/Kg-1) as recommended by IAEA (1989).
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Table (9): The average concentrations and Raeq, dose rate, effective dose rate and
external hazard index (Hex) for El Hadka area soil samples.

Depth CU CTh C Ra C K Ra eq D rate D eff Hex
(m) | (Bakg) | (Bakg) | (Balkg) | (Barkg) | (Balkg) | (nGy/h) | (uSvly) | (Ba/kg)
0.00 ULD* | 21.36575 | 40.24 | 34195 | 97.12 46.02 56.44 0.26
5.00 ULD 18.83 46.90 | 327.87 | 88.98 | 4253 | 52.16 0.24
10.0 ULD 14.07 35.80 | 324.35 | 75.87 | 36.51 | 44.77 0.21
15.00 ULD |12.72133 | 34.97 | 321.61 | 73.37 | 35.38 | 43.39 0.20

*ULD : Under limit detection

Calculated data of Ra ¢q is presented in (table.9). The values for soil samples
varied from 54.3to 104.3 Bq kg™ with an average value of 83.84 Bgkg™, which is far
below the allowable limit (370 Bgkg™) as recommended by the IAEA (1989). The
highest observed annual effective dose is 60.4 uSv y* and the lowest value 30.75 pSv
y! with a mean average value 49.19 pSv y™*. This value is lower than the world-wide
average annual effective dose which is approximately 70 uSv y'l.

The highest value of the external hazard index is 0.28 Bq kg™ and the lowest value
is 0.15 with average (0.23) the all values are less than unity recommended by the
IAEA (1989) and the corresponding gamma radiation hazard indices were below the
acceptable limits and there is no radioactive hazard for humans. The calculation of
radiometric effects show graphically in (Fig.15) and contour map in (Figs.16 a & b).
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Fig (15): The Concentration of radionuclides C in (a) and the radiological index Raeq, Drate,
D and Hey in (b) for EI Hadka soil samples.
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Fig (16 a): show contour map of the radium equivalent R, in (a), dose rate (b) for El Hadka

area soil samples at 0.00 m depth.
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Fig (16 b): contour map of effective dose rate in (c) and external hazard index in (d) for El
Hadka area soil samples at 0.00 m depth.

Conclusions

The geotechnical techniques, boring and testing method improve that soil profile
consist from soft to medium stiff sandy fat clay, stiff fact clay, very stiff to hard fact
clay with sand and poorly graded, dense, medium to fine river sand. This soil profile
gives high plasticity and swelling properties, medium permeability for sand, non-
aggressive but moderately aggressive to ground water impurities good shear
parameters except the upper two meter from top of it, but high amplification factor of
PGA accordingly can be dividing the soil in seismic hazard to be type D. According
to liquefaction side the upper seven meters of profile are unsusceptible liquefaction
and beneath this depth is liquefiable. Radiometrically soil profile is safe for human
effective for absorbed rate and all the results of the present study would be valuable
data base for future estimations of the impact of radioactive pollution through area
and can be summarization recommends in the following points:

1. Using Chemical additive to swelling soil as lime and soaking it to reduction
swelling potential.

2. Using densification, drainage, solidification of sand soil in superstructure and piles
foundation.

3. Using heavy ridge footing on soil to reduction amplification factor of PGA of
earthquakes.

4. Radiometric should be take care that swelling soil has significant adsorption for
radio nuclides.

5. The effort in this research has been directed to the identification effect of dikite
mineral on swelling potential so that we propose that this point is target for future
research.
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