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ABSTRACT

hKlong =he Egyptian Mediterranean Coast, deer soft clay
deposits hnave been formed over the years as a result cf the Nile
sedimentations. Nowadays, with <*the continucus gJrowth i1 <tThe

construction industry in this region, effecrive methods for soil
reinforcement have *c be developed, in order tc improve 1ts
mechanical properties. Cne of the most effective, simple, and well
known technigues is the use of partially concreted granular piles
to stabilize soft clay. However, using this tecnnigue, the
behavicur of single and group piles under applied Loads have
been based on empirical and semi-empirical re.ations.

In =this thesis, twe numerical modeis cased on the FINITE
ELEMENT METHOD are prepared. The first mecdel, repressnts & single
pile penetrating a sofft cohesive so0il. The feccnd model represents
a group cf piles supperting a rigid circular f:zeoting.

The two models account for the following wvariarbles:

{a) Pile Length, Diameter, and Length cf Concrete Fart.

{b) The Clay Layer is infinite, or has a L_imited Zeptn 3and
underiaid by a relatively hard layer.

c) Nonlinear stress-strain relationship cf

(q)

ECLi.

Pile-~soil interfacial chacrteristics in case of single pile.

Results of the analysis are presented in a series ci charts
showing the effect cf the above variables on
la) Load-settlement behaviocur of a single pile.
(b) Shape of settlement diagram of ground surface.
(ec) Settlement ratio in case cof piles group.
(d) Vertical stress distributicn along the center line cf

a single pile, and along an central plle in a group.
KEYWORDS :8cft Clay, Reinforcement, Granular Piles, Single Pile,
Piles Group, Nonlinear Stress-Strain Behaviour, Interface Nature,

Finite Element Method, Settlement Ratio, Concrete Part Length,
Pile Diameter, Pile Length.
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NOTATION

The following notations are those generally used in the

present

work. Other notations

analysis are mentioned in their appropriate places.

Symbol

{D]

[N]

-

Represents
Empirical Coeficients whose
are determined experemintally
Direct Shear Test.
Replacement Ratio.
Settlement Ratio.
Cohesion of Soil.
Compression Index.

Coefficient of Consolidation.

Diameter.

Elasticity Matrix.

Modulus of Elasticity.

Shear Modulus.

Length, or Depth.

Interface Shear Stiffness Modulus.

Interface Normal Stiffness Modulus.

Shape Function.

iv
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required for the purpose of

values

from



¥hottom

n
W

top

Hn
bottom

..

3

e

e

[1]

Stress Concentration Ratio.

Applied Load.

Applied Stress.

Ri;ial Co-ordinate of point (i}.

Radial Co-ordinate of element centroid.
Pore Water Pressure.

Displacement at nodal (i) in r direction.

Displacement at nodal (i) in z direction.

Relative Displacement along the top of
interface element.

Relative Displacement along the botton
of interface element.

Relative Displacement normal to the top
of interface element.

1 Relative Displacement normal to the

-

bottom of interface element.

Axial Co-ordinate of point (i).

Axial Co-ordinate of element centroid.

Displacement at point (i).

Vertical, Radial, and Tangential stresses
respectively.

Central Library - Ain Shams University



T : Shear Stress,.

rz
£,0 £, £g : Vertical, radial, and Tangential
Strains respectively.
rz : Shear Strain.
u or v : Poisson's ratio.
A : Area of Triangle Element.
As : Average Relative Shear Displacement
across interface element.
An : Average Relative Normal Displacement
across interface element.
a, K : Two Coefficients describe the ground
Settlement around a loaded single pile.
@ : Angle of Friction of Soil.
r

Density of Soil.

SUFFIX NOTATION

(e} Initial, (r) Radial, (z) Vertical, (h) Horizontal,
(c) Granular Pile, (s) Clay, (c.p.) Concrete Part,
{') Effective, {u) Undrained, (£) Rigid Footing.

vi
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