
ACKNOWLEDGEMENT

The author acknowledges with profound gratitude an sincerity the supervision 

and guidance received from Dr. Yahia E.A. Mohammedzein. 

His endless patience directly contributed towords the presentation of this 

thesis.Thanks are expressed to Ustaz Asim Elsanosi Osman for his valuable 

comments and continous encouragement. Thanks are extended to the staff 

ofBuilding and Roads Research Institute. 

Thanks are extended to my family and friends for their continuous 

encouragement.

   

CONTENTS

Acknowledgement                                                                                     I

Table of Content                                            II 

I



Abstract                                                        VII

Abstract in Arabic                                                           VIII

List of Figures IX

List of Tables XI

Notations XIII

Chapter One  :             INTRODUCTION

       1.1 Introduction            1

             1.2  Objective of research   2            

             1.3  Methodology                                                                               3   

             1.4 Thesis Organization     3

Chapter Two                  LITERATURE REVIEW

       2.1 Introduction   4

       2.2 Expansive soil                                                                 4

2.2.1 Factors Influenceing Swelling and Shrinkage 

of soils     4

   2.2.1.1 Soil Characteristics    5

      2.2.1.1.1 Microscale Factors     5

    2.2.1.1.2 Macroscale Factors                                            8

2.2.2 Active Zone                                                                  8

2.2.3 Identification and Classification of 

II



Expansive Soils                                                                    9

   2.2.3.1. Identification Tests                                                9

      2.2.3.1.1. Engineering Classification Tests                     9

      2.2.3.1.2 Mineralogical Methods                                             11

      2.2.3.1.3 Free Swell                                                         11

      2.2.3.1.4 Potential Volume Change (PVC)                     12

       2.2.3.1.5 Expansion Index Test                                               13

       2.2.3.1.6 California Bearing Ratio (CBR)                       13

2.2.4 Classification Schemes                                                  14

   2.2.4.1 Clasification Using Engineering Index Properties          15

2.2.5 The Swelling Pressure                                                          18

   2.2.5.1 Factors Affecting Swelling Pressure  20

   2.2.5.2 Prediction of Swelling Pressure  21     

Chapter Three              NEURAL NETWORK 

        3.1 Introduction                     22

       3.2 Properties and Capabilities of Neural Networks            23             

          3.2.1 Non-linearity                                                             23

3.2.2 Input-Output Mapping 23

3.2.3 Adaptivity 23

3.2.4 Evidential Response 24

3.2.5 Contextual Information 24

3.2.6 Fault Tolerance 24

III



3.2.7 VLSI Implementability 24

3.2.8 Uniformity of Analysis and Design 24

3.2.9 Neurobiological Anology 24

      3.3 Human Brain 25

      3.4 Modes Neuron 27

      3.5 Types of Activation Function 30

      3.6 Network Architecture 33

      3.7 Learning Processes 34

3.7.1 Supervised Learning 34

3.7.2 Unsupervised Learning 35

       3.8 Back-Propagation 38

3.8.1 Principles of Operation 39

   3.8.1.1 Calculating the Output 39

   3.8.1.2 Training 40

3.8.2 Momentum       43

       3.9   Application Of Neural Network in Civil Engineering           43

       3.10 Application Of Neural Network to Geotechnical Engineering 44 

3.10.1 Liquifaction           44

3.10.2 Wetabilities and End point Relative Permiabilities          46

3.10.3 Triaxial Compression Behavior of Sand and Gravel         46

3.10.4 Friction Capacity of Driven Piles          47

IV



Chapter four          PREDICTION OF SWELLING PRESSURE BY       

NEURAL NETWORK 

       4.1 Introduction           50

       4.2 Data Collection 50

        4.3 Data Normalization 56

        4.4 Computer Program 56

4.4.1 Optimization Using Solver 57

        4.5 Model Training 60

4.5.1 Model Programming 60

4.5.2 The Model Optimization 63

   4.5.2.1 The Target Cell 63

   4.5.2.2 The Chaingiable Cells 63

4.5.3 Results of Optimization 64

Chapter Five               DISCUSSION OF THE RESUL

       5.1 Introduction          67

       5.2 liquid Limit 67

       5.3 Plastic Limit 67

       5.4 Natural Moisture Content 68

       5.5 Percentage Passing 68

Chapter Six             Summary, Conclusions & Recommendations

      6.1 Summary And Conclusions                               81

      6.2 Recommendations                                                                       81

V



References                               

ABSTRACT 

The aim of this study is to predict the swelling pressure by using one of 

the artificial intelligence branches called Artificial Neural Networks.
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The Artificial Neural Networks is a new computing system, which proved 

in the last years a high ability in treating the ambiguous and strange 

phenomenan,which may be hardly solved by other methods.

A model made by using Artificial Neural Networks was used to predict 

swelling soil pressure by defining its main properties. Then a parametric study 

was done to know the effects of parameters on swelling pressure. Moreover the 

predicted values were compared with the experimental ones.

It is found that Artificial Neural Networks is a powerful tool in solving 

problems containing multiple variables, and has a good ability in performing 

parametric analysis.

تجريد
 التربة فى النتتفاخ ضغط ايجاد هو الدراسة هذه من الهدف

 باسم والمعروفة الصططناعى الزكاة فروع أحد باستحدام
الصططناعية. العصبية الشبكات

 معالجة أنتظمة أحد هى الصططناعية العصبية الشبكات     
 مقدرتها الخييرة الونتة فى أثبتت والتى البيانتات وتحليل
 المبهم, الغريب السلوك ذات الظواهر معالجة فى العالية
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 العادية الطرق بواسطة حلها بمكان الصعوبة من والتى
الخيري.

 الصططناعية العصبية الشبكات بواسطة نتموزج عمل تم     
 الساسية. ثم خيصائصها بمعرفة للتربة النتتفاخ ضغط ليجاد

 التربة إنتتفاخ بضغط الخاصطة المختلفة للعناصطر دراسة أجريت
عليها. عنصر كل أثر لمعرفة

 لحل فعالة أداة الصططناعية العصبية الشبكات بأن وجد     
 كبيرة مقدرة ولها متغيرات عدة على تحتوى التى المسائل

العناصطر. أثر دراسة لجراء
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