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Abstract

A hierarchical nine node p-version curved shellfinit.e element is developed incorpo

rating symbolic computations. The element has five nodal degrees of freedom, three

translations and two rotations. The displacement approximation functions which are

hierarchical in nature are derived from the Lagrangian functions. The hierarchical

finite elements hS\"e a distinct advantage of saving computational effort in compari

son ~'ith h-version elements. HQ\l,-ever, as the order of the displacement polynomial

increases, the number of gaussian points required for integration have to be increased

to obtain eJement matrices. This increases the computational effort required for el

ement generation. The nature of hierarchical Cannulation offers certain avenues for

the usage of symbolic computations which substantially reduces the computational

effort involved in the element generation. A number of locations where the usage of

symbolic computations offers significant reduction in computational effort are iden

tified and are incorporated.. The problems associated with the development of finite

element codes can be successfully addressed. by the usage of Object Oriented Program

ming(OOP) techniques. A Finite element program for the shell element is developed

using this aop technique. The performance of the present element is demonstrated

using various numerical examples.



Acknowledgements

I express my sincere thanks to m:r research advisor Dr.K.Munasv,'amy for his

invaluable guidance, financial support and encouragement provided during the course

of my research work.

I am thankful to Dr. RSeshadri, Dean, Faculty of Engineering and Applied Sci

ence for his ad\'ice and support during my study. I would like to thank Dr.M.R.Haddara,

Associate Dean, Graduate Studies and Research for the guidance provided during my

graduate program at Memorial University.

I am grateful to the School of Graduate Studies and ttle Faculty of Engineering

and Applied Science for providing financial assistance fOf the research ".-ork.

Many thanks to my parents and friends for their love and moral support. 1 would

also like to thank Friends of India Association for their kind help during my 5t8)' in

St.John's.



Contents

Abstract

Acknowledgements

Table of Contents

List of Figures

List of Tables

Symbols and Abbreviations

1 INTRODUCTION

1.1 Finite Element Method

1.2 P-Version FEM .

1.3 Plate and Shell Analysis

lA Symbolic Computation.

1.5 Object Oriented Programming (OOP)

1.6 Objective of the thesis.

iii

vii

viii



1.7 Layout of the thesis

2 BACKGROUND AND SCOPE OF WORK

2.1 Literature Review

2.1.1 Plate and shell elements

2.1.2 P-version FEM .

2.1.3 Symbolic computations .

2.1.4 Object Oriented Programming (OOP)

2.2 Scope of the Study

3 FINITE ELEMENT FORMULATION

3.1 Shell Element

3.2 Geometric definition of the element

3.3 Displacement function

3.4 Stresses and Strains

3.5 Element Matrices Evaluation.

3.6 P-Version Finite Element Formulation

4 SYMBOLIC COMPUTATION

4.1 Incorporation of Symbolic Computations

4.2 Evaluation of Jacobian

4.3 Shape function derivatives

iv

14

17

19

23

25

25

27

27

28

29

33

40

40

40

44


























































































































































































































































	0001_Cover
	0002_Inside Cover
	0003_Blank Page
	0004_Blank Page
	0005_Copyright Information
	0006_Title Page
	0007_Abstract
	0008_Acknowledgements
	0009_Table of Contents
	0010_Table of Contents iv
	0011_Table of Contents v
	0012_Table of Contents vi
	0013_List of Figures
	0014_List of Tables
	0015_List of Tables ix
	0016_List of Abbreviations and Symbols
	0017_Chapter 1 - Page 1
	0018_Page 2
	0019_Page 3
	0020_Page 4
	0021_Page 5
	0022_Page 6
	0023_Page 7
	0024_Page 8
	0025_Chapter 2 - Page 9
	0026_Page 10
	0027_Page 11
	0028_Page 12
	0029_Page 13
	0030_Page 14
	0031_Page 15
	0032_Page 16
	0033_Page 17
	0034_Page 18
	0035_Page 19
	0036_Page 20
	0037_Page 21
	0038_Page 22
	0039_Page 23
	0040_Page 24
	0041_Chapter 3 - Page 25
	0042_Page 26
	0043_Page 27
	0044_Page 28
	0045_Page 29
	0046_Page 30
	0047_Page 31
	0048_Page 32
	0049_Page 33
	0050_Page 34
	0051_Page 35
	0052_Page 36
	0053_Page 37
	0054_Page 38
	0055_Page 39
	0056_Chapter 4 - Page 40
	0057_Page 41
	0058_Page 42
	0059_Page 43
	0060_Page 44
	0061_Page 45
	0062_Page 46
	0063_Page 47
	0064_Page 48
	0065_Page 49
	0066_Page 50
	0067_Page 51
	0068_Chapter 5 - Page 52
	0069_Page 53
	0070_Page 54
	0071_Page 55
	0072_Page 56
	0073_Page 57
	0074_Page 58
	0075_Page 59
	0076_Page 60
	0077_Page 61
	0078_Page 62
	0079_Page 63
	0080_Chapter 6 - Page 64
	0081_Page 65
	0082_Page 66
	0083_Page 67
	0084_Page 68
	0085_Page 69
	0086_Page 70
	0087_Page 71
	0088_Page 72
	0089_Page 73
	0090_Page 74
	0091_Page 75
	0092_Page 76
	0093_Page 77
	0094_Page 78
	0095_Page 79
	0096_Page 80
	0097_Page 81
	0098_Page 82
	0099_Page 83
	0100_Page 84
	0101_Page 85
	0102_Page 86
	0103_Page 87
	0104_Page 88
	0105_Page 89
	0106_Chapter 7 - Page 90
	0107_Page 91
	0108_Page 92
	0109_Bibliography
	0110_Page 94
	0111_Page 95
	0112_Page 96
	0113_Page 97
	0114_Page 98
	0115_Page 99
	0116_Appendix A
	0117_Page 101
	0118_Appendix B
	0119_Page 103
	0120_Page 104
	0121_Page 105
	0122_Page 106
	0123_Page 107
	0124_Page 108
	0125_Appendix C
	0126_Page 110
	0127_Page 111
	0128_Page 112
	0129_Page 113
	0130_Page 114
	0131_Blank Page
	0132_Blank Page
	0133_Inside Back Cover
	0134_Back Cover

