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Abstract

In this research Cam-Clay model was used to study the
consolidation process in clayey soils and sand drains problems, where the
accuracy has been checked. The work done in this thesis could be divided
in two main parts:

a - First part :  Represents the numerical analysis. Where some
improvements and new features have been added 10 a predeveloped finite
element code (AINSHAMS). This program implemented the finite
element technique in solving the differential equations of Cam-Clay
model, to make it able to deal and solve more complicated problems with
no limit to the number of used elements. New types of elements were
added, all the new elements are higher-order elements. Also new features
were added to solve the seepage and consolidation problem in one-
dimension, two-dimension and a special case of three-dimension case
(axisymmetric).

b - Second part : Covers the history cases, as the validity and the
accuracy of the calculation procedures in the new program
(AINSHAMS?2) have been checked. The new program is used also to
simulate three practical problems, an oedometer test, radial consolidation
test using a sand column installed in the middle of the soil sample and
insitu loading test on sand drains system which was performed in El-
Salam canal in Delta region in Egypt. The following factors have been
studied:

1. The effect of elastic-plastic behaviour on the settlement-time curve
of one-dimensional consolidation test and compare the results with
the laboratory measurements,

2. The effect of sand drains on speeding up the consolidation

settlements,

. The effect of smear zone on the productivity of the sand drains,
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. Comparing the results of the numerical analysis with the theoretical

results and field measurements in sand drain problem,

_Evaluating the role of the radial and vertical drainage in the sand

drains problem,

The efficiency of converting the sand drains problem from the

three-dimensional case to an equivalent plane strain problem, and
compare the results of both cases,

_The possibility of solving the sand drains problem in full scale by

converting it to an equivalent plane strain problem.

The following results were obtained:

1.

2

(8

Cam-Clay model is an efficient model to study the behaviour of
normally to lightly over consolidated clayey soils,

_The time steps used in solving the consolidation problem, can be

chosen without any restrictions in case of assuming elastic
behaviour. In the case of elastic-plastic behaviour the choice of time
steps subjects to some restrains and conditions which must be taken
into account before starting the analysis

-

_The sand drains are an efficient technique to speeding up the

consolidation in soft clay in addition to increase its bearing
capacity,

The disturbance happened in the soil during the installation of sand

drains, decreases remarkably the efficiency of this technique in
respect to speeding up the consolidation,

The radial drainage is the dominating factor on the consolidation

process in sand drains problems, while the vertical drainage in the
soil (excluding the vertical drainage in the sand drain columns) is
negligible in this kind of problems,

Sand drains problems can be studied in full scale simply with

acceptable precision by converting 1t to an equivalent plane strain
problem.

Keywords : Constitutive models, critical state concept, Cam-Clay, finite
element analysis, consolidation and pore water pressure.

Central Library - Ain Shams University



Am Shams Unrversizy
Faculty of Engineering
Depr. of Structural Eng.

The undersigned certify that they have read, and recommend to the
Faculty of Engineering for acceptance, a thesis entitled:

An Effective Stress Constitutive Model for Soft Clay in 3d State

Submitted by Mohammad Al-Amin Izazi in partial fulfillment of the
requirements for the degree of Master of Science.

Examiner Committee ) Signature

1- Prof. Dr. Mohsen M. Ahmed '1
‘ \ Prof. Of Geotechnical Engineering ;
. Faculty of Engineering- Zagazeeq University Jﬂf’“ RS /I‘JJV\;““T

2- Prof. Dr. Mona M. Eid 1
\ Prof. Of Geotechnical Engineering }
\ | Faculty of Engineering- Ain Shams University L

3- lr Prof. Dr. Tarek A. Macky ’ \
‘ | Prof. Of Geotechnical Engineering e A L u
Faculty of Engincering- Ain Shams University | V& 7 e 7

Central Library - Ain Shams University



Central Library - Ain Shams University



STATEMENT

This dissertation is submitted to Ain Shams University for the degree
of Master of Science in Structural Engineering.

The work included in this thesis was carried out by the author in the
Department of Structural Engineering, Ain Shams University, from 1996
to 1999

No part of this thests has been submitted for a degree or qualification
at any other university or institution.

Date

Signature :
Name - Mohammad Al-Amin Izazi

Central Library - Ain Shams University



Central Library - Ain Shams University



ACKNOWLEDGMENTS

First of ail, T do indeed thank ALLAH almighty who gave me the
power and the capability to start and complete this thesis, which I hope I
have done it in the proper way.

I wish to express my deep thanks and gratitude to Prof. Dr. Tarek A.
Macky for his great support and guidance throughout this work. His
immense understanding to my circumstances made it possible to
overcome all the difficulties that were facing the research tiil this work
was finally concluded. His invaluable scientific advises and help will be
forever appreciated.

1 would also like to express my cordial gratitude to Prof. Dr. Fathalia
M. El-Nahhas for his orientation since the beginning of this work. His
continuous interest and sciemtific advises were great supportto me, To
him all my admiration and respect.

No words could help to express my sincere thanks and gratitude to
Dr. Mohamed M. Morsy for his enthusiasm in the subject and genuinely
support and advises. His critical comments and simplified explanation on
the numerical modeling and critical state concepts were essential to me to
understand those concepts, He spare no effort for the sake of
accomplishment of this research.

Also I would like to express my appreciation to the teaching staff
and my colleagues in the geotechnical engineering department in Ain
Shams university for their support. Furthermore, I am greatly indebted to
all Egyptian people for their hospitality and generosity.

All my deep devotions and apprectation to my parents, my dear
mother Bothayna, my dear father Mohammad, my brothers Haytham and
Ferass and my sisters Eman, Soumaya, Roudayna, Jouman, Rafah and
Waseema. Their love and pravers have always been to me the source of
strength in all my life stages. To them I was, I am. and I will always be
faithful and grateful.

Central Library - Ain Shams University



Central Library - Ain Shams University



TABLE OF CONTENTS

Chapter (1) Introduction

LIGeneral ...

1.2 The Object of the Research ... .

1.3 Thesis Outlines ... ...
1.5.1 Chapter Two ...
L33 ChapterFour ...
134 ChapterFive ... ... ... .

Chapter (2) Literature Review

2.1 Imtroduction ...
2.2 The Consolidation Concepts ....................... ..

221 Gemeral ... ...,

2.2.2 The Consolidation Process and Consolidation Theories. .. .......

2.2.3 Terzaghi’s One Dimensional Consolidation Theorv ..............

2.2.4 The Two Dimensional Consolidation Theories ... .. ...........

2.2.5 The Three Dimensional Consolidation Theories ..................

22.5.]1 Terzaghi's Three Dimensional Consolidation Theory ....

2.2.5.2 Biot's General Three Dimensional Consolidation Theory

2.2.5.3 Tan's Three Dimensional Consolidation Theory ..........

22.6 Limitations of Conventional Analysis of Consolidation
Settlement .................... .

2.3 SoilModeling ... ...
2.3.1 The Modeling in Geotechnical Engineering ........................

2.3.2 The Critical State Concepts ...................coccoovvioi
2.3.2.1 The Effective Stress Principle ...............

Central Library - Ain Shams University

L Y Y Y

L =R = B S B = O S O

—_—
~

21
21
21
24
24



2322 8tmess Path ... oo e e

2323Smain Path ... oo e
2324 Volumetric Stain ... oo i inmee e e e

2.3.3 Models ClassiICAtONS .. .....oovevomirnooeee v e e e
234 The Elastic Models ... e
2.3.4.1 The Linear Elastic Model ...
2.5.4.2 Nonlinear Elastic (Hyperbolic) Model ................coon.
2.3.5 The Elasto-Plastic Models .......... oo e
7.3.5.1 The Elastic-Plastic Model ..........ccocoiiiininen
2352Cam-ClayModel ...
2.3.5.2.1 The Crtical State Theory .......cocooeevir v venierens
2.3.5.2.2 The Origin of Cam-Clay Theory.............coccooone
2.3.5.2.3 The Modified Cam-Clay Model ...........c.coceeenr

2.4 Soil Improvement and Sand Drains Technique ...........oooooeeeeee
2.4.1 Soil Improvement Methods ... e
2 4.2 The Purpose of Using Sand Drains .............coooomemoericniieees
243 The Sand Drains Techmiques ........oooov oo
2 4.4 The Effect of Smear Zone and Well Resistance ..................-
2.4.5 The Design Methods of Sand Drains Problems ...................-
2451 Baron Method ...... oo e
2452 Hansbo Method .. ....ooeveeiiiiiiee i

Chapter (3) The Numerical Solution

3.1 IMTOAUCHON ... ven s o oe et veeeeeaae cenaeg ereemn s srm e e e e e
3 2 The Finite Elements Procedures ............coooovimmiin e

3.2.1 Finite Elements Procedures for Displacement Analysis ..........

322 Finite Elements Procedures for Consolidation Analysis

3.2.5 Programming the Finite Elements Problems ..........ccooiieviinnes

Central Library - Ain Shams University

74
74
75

&7



33 Determination of Critical State Soil Parameters Using the

Laboratory Tests Results ................. ... ... .. ...

3.4 Preliminary Verification ...........

3.4.1 Drained Triaxial Teston Weald Clay ......................... ...

342 Oedometer Test .............

3.4.2.1 The Laboratory Test Procedures ... ..........................
3.4.2.2 The Numerical Simulation ...._......_.......................

Chapter (4) Case Study

4.1 Introduction ..................

4.2, Large Scale Consolidation Test with Vertical Drain ....................
421 Test Procedure .........ccoooe it e e e
422 TestResults ... ... e
4.2.3 Numerical and Analytical Prediction of Settlements ..............

4.2.3.1 The Numerical Pradiction ..................................
42ERSalam Camal ...
4.2.1 The Subsoil Profile and Properties ...................c......o.... ..
4.2.2The Soil Properties ...............coooiiiiiii i e
4.2.2.1 Coefficient of Consolidation Cv .._...........................

4.2.3 The Field Loading TeSt .............ccooviieiviiiaieieiiii e

4.2.3.1 Description of Field Loading Test .....................ooeeee ..
4.2.3.2 The Field Test Procedure and Results .......................

4.2 4 The Numerical Estimation of the Consolidation Settlements ...
4.2 4.1 Setting up the Initial Insitu Stresses ........................
4.2.4.2 First Case (One Dimensional Consolidation Problem) ...
4.2.4.3 Second Case (Axisvmmetric with Sand Drains) ......... ..
4.2 4.4 Third Case (Axisymmetric without Smear Zone)

i1

Central Library - Ain Shams University

167
107
107
108



4.2 4.5 Fourth Case (Plan-Strain Analysis) .................ccoooeene 151
4.2.4.6 Fifth Case (Full Scale Plan-Strain Analysis) ............... 133

Chapter {5) Conclusion and Recommendations
53 CONCIISION .. vonoee oot e e i iae aee e e e e e e s s an nane 160
3.3 RecommEendatlons ... .....c.vvur e orevam e ene o rns se s s s em et eenans 161

e e AT U SR PP PR PP PR 162

v

Central Library - Ain Shams University



