CONSTITUTIVE EQUATIONS AND THEIR
APPLICATION IN FINITE ELEMENT ANALYSIS

Xiaoqing Yin



List of Contents

Preface

Summary ( in Chinese, Danish, English )

PART I: CONSTITUTIVE EQUATIONS FOR CONCRETE

PART II: CONSTITUTIVE MODELING OF POST-CRACK BEHAVIOR OF
REINFORCED CONCRETE AND ITS FINITE ELEMENT

Notations

Chapter 1

Chapter 2

ANALYSIS

Introduction

1.1 Background

1.2 Aim of the present work
1.3 Summary of the contents

Material Properties and Constitutive Models
2.1 Constitutive modeling of reinforcement
2.1.1 General characteristics of
reinforcement
2.1.2 Constitutive models-for
reinforcement,
2.2 Constitutive modeling of plain concrete
2.2.1 Uniaxial behavior of concrete
and its modeling
2.2.2 Biaxial property of concrete
and its modeling
2.3 Constitutive modeling for reinforced
concrete elements
2.3.1 General consideration

VII

Page

I

~N N DY D>

10
11

12

18

23
23



2.3.2 Tension stiffening

2.3.3 Reduction of concrete
compressive strength

2.3.4 Changing of crack direction

Chapter 3 Crack Models with the Consideration of Crack
Direction Change

Chapter 4

Chapter 5

3.1

3.2

3.3

Crack orientation in a reinforced
concrete element

The mechanism of the change in a crack
direction

Crack models

3.3.1 Swing crack model

3.3.2 Gupta's model

3.3.3 Fracture model

3.3.4 Present changing crack model

Finite Element Formulation

4.1
4.2

4.3
4.4

Basic equations

Element, modeling for concrete and
reinforcement

Finite element modeling of cracks
Numerical solutions and development of
computer programs

4.4.1 Numerical integration

4.4.2 Solution methods

4.4.3 Developed computer programs

Numerical studies

5.1

Collins' Panels

5.1.1 Verification of the proposed
model

5.1.2 The influence of the tensile strength of
concrete on shear capacity

5.1.3 The influence of 4 change on the
stress in reinforcement

VI

31

© 34

36
36
38
43
44
46
55
62

72
72

87

93

94



5.1.4 The influence of tension stiffening on the

stress in reinforcement 97

5.2 T—beam failed in shear 99

Chapter 6 Conclusions 105
107

References

IX



