g

b (" i ’> |
/.’/ . 1 |
‘ g P"' i I,.‘_,-..\‘-—m- ‘npvdohw-‘obmﬂbv‘oh \’/ —— \,/ " \9’ o \?/ Cotomss ?/ /‘@ :

PRl ] {il i




XS AN O DS EXS XSS AXH
L, W et G- —c— e e e o B - ~<om— ‘5%‘ Ité i 4 b4
SE 0 S, ¥ ST L O ST ¢ ST ST W ST, P ST O (S5 2V ST = W ST 8 ST S ST S ST e A

e ] e ] i
@ ASUNET

Al

M
&
- o
e

o

Slaglea
iy

-

.....
Bt e
oa

3

o S |
@ ASUNET

vy
adl
e

L
alad




\-Q»MPW.»_)@(.“)@(_”—)@(_‘O— =

ity Saaly (g SN (3

Lo

it

by Lol ad Al Balal) ()f aulind) Al s
it Al (90 cisel B DY) o1 o

i | o el | A
@ ASUNET

Qiua.:

4 &
DL 0 Iy ADEY) 038 Jadal

%ot =¥+ O dgad Ayl Agsia Y010 (e Bl dage
To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40%

@

)

=

e O oyl W o

@




A==

et ] e
@ ASUNET
o

—— W—-‘OW—-

-

O

E: —:o%—-o-—ﬁ—-oh—m—c‘ﬁ‘c n-vqo)—-
/ > X 7

e’




O

2 -

a . 7
7 Nt

e )

pP—

—
e

N

&=
O e

—_— p— =
O - -
S
X -

—

=
——

7

O —

-4

—_

N

N
—_——

—-—

==
4




AIN-SHAMS UNIVERSITY

g College for Women

Solution of some Torsion Problems
for Nonhomogeneous Elastic Bodies

of Revolution

A Thesis presented by

Fayez E. K. RAFAEEL

For
THE DEGREE OF DOCTOR OF PHILOSOPHY IN MATHEMATICS

Under the supervision of

Professor Safaa S. Bishay

Department of Mathematics, College for Women, Ain-Shams University

Professor Hassan Ahmed Zaki Hassan
Department of Mathematics, Faculty of Science, Cairo University

To

Department of Mathematics, College for Women, Ain-Shams University

1995







ACKNOWLEDGEMENTS

The author is indebted to Professor Hassan A. Z. Hassan for sug-
ge-sting the present point of research, for supervising the work during
all its stages and for fruitful and illuminating discussions during the
preparation of this Thesis.

The author is deeply grateful to Professor Safaa S. Bishay, Head
of the Department of Mathematics, College for Women, Ain-Shams
University, for his valuable encouragement and help throughout the
work on the Thesis.

Tt is my pleasure to thank Professor Farouk Ayoub, former Head
of the Department of Mathematics, College for Women, Ain-Shams
University, for his interest throughout the preparation of this work.

I am also grateful to the staff members of the Mathematics Depart-
ment at the Faculty of Science, Caira University, for useful discussions
and encouragement.

At the end, I wish to express my thanks and deep gratitude to my
wife Samia for all the help provided to me.






CONTENTS

Chapter Page
ACKNOWLEDGEMENTS . . ... ............. i
LISTOF FIGURES . ... ... ... .. .......... iv
ABSTRACT .......... T vi
SUMMARY . . . .. o e e vii
INTRODUCTION . . . . ... .. ... X
BASIC CONCEPTS 1
§ 1.1 Torsion of Bodies of Revolution . . . . ... . ... ..

§ 1.2 Literature Survey . . . . . .. .. ... .. .. 6

THE REISSNER-SAGOCI PROBLEM FOR A NON-
HOMOGENEOUS HALF-SPACE WITH SURFACE

CONSTRAIN 20
% 2.1 Formulation of the problem . . .. ... ... ... .. 20
§ 2.2 Reduction to an integral equation . . . . .. .. .. .. 21
§ 2.3 Expressions for some physical quantities . . . . .. .. 25
§ 2.4 Solution of the obtained integral equation . . . . . . . 29
825Conclusions . . .. .. ... L Lo 31

TORSION OF AN ELASTIC NONHOMOGENEOUS
LAYER BY TWO CIRCULAR DISCS 35




§ 3.1 Formulation of the problem . .. ... .. ... . 35

§ 3.2 Reduction to a pair of integral equations . . . . . . . . 36
§ 3.3 Expressions for some physical quantities . . . . . . . . 42
§3.4Specialcases . . ... ... . ... ... . ... ... 44
§ 3.5 Numerical results and discussion . . . ... ... . . | 46

4 TORSION OF AN ELASTIC NONHOMOGENEOUS
HALF-SPACE WITH A PENNY-SHAPED CRACK 56

§ 4.1 Formulation of the problem . . ... . ... .. .. .. 56
§ 4.2 Reduction to a pair of integral equations . . . . . . . . 37
§ 4.3 Formulae for quantities of physical importance . . .. 61
§4.4Specialcases . . ... ... . ... ... ... ... .. 62
§ 4.5 Numerical results and discussion . . . ... .. .. .. 654
APPENDIXES 70
Appendix A . . .. ... 70
Appendix B . . . .. Lo 74
Appendix C . . . . ... L 75

REFERENCES 78

1




List of Figures

Figure Page
2.1 Geometry of the problem. . . ... ... .. .. .. L.
2.2 Thevaluesof T, for =00 ............ R 3
2.3 The valuesof K, for 8=0.0. . ... .......... 32
24 Thevaluesof Tofor 3=02.............., 32
2.5 Thevaluesof Ky forg=02............... 33

» 2.6 Thevaluesof T, fora=00............... 33
2.7 The valuesof K, fora=00.............. . 34
3.1 Geometry of the problem. . . . . ... ... .. .. .. 36
3.2 Variationof M forb=0and 6=0.. . . ... ... .. 47
3.3 Variationof M forb=a, y=001and §=0. ... .. 48
3.4 Variation of M for b=3a, y=001and 6=0. . ... 48
3.5 Variationof M forb —» 00, y=0.1and 6=0.. . . .. 49
3.6 Variation of M forb=a, y=0.01and 6§ = -0.01. .. 49
3.7 Variation of M for b=3a, vy =0.01 and § = -0.01. . 350
3.8 Variationof M forb=a, v=001land 6 =-0.02. .. 50
3.9 Variation of M for b= 3a, vy =0.01 and § = -0.02. . 51
3.10 Variation of K forb=0and §=0.. ... ... .. .. 31
3.11 Variation of K for b=a, y=0.0land6=0. . . . . . 52

3.12 Variation of A forb=3a, y=0.0land §=0. . ... 52




3.13 Variation of KN for b — >0, v =0.1and § =0

3.14 Variation of A for b =a, v = 0.01 and é = -0.01.
3.15 Variation of I\ for b= 3a, v =0.01 and § = -0.01. . .
3.16 Variation of A" for b = a, v = 0.01 and 6 = -0.02.
3.17 Variation of A for b= 3a, v =0.01 and é = -0.02. . .

4.1 Formulation of the problem
4.2 Variation of i for h/h =1
4.3 Variation of A for A/b=2
4.4 Variation of & for A/0 =3
4.5 Variation of K for h/b =4
4.6 Variation of K for h/b =135
4.7  Variation of M for Afb =1
4.8 Variation of M for h/b=2
4.9 Variation of M for A/b=3
4.10 Variation of M for h/b =4
4.11 Variation of M for h/b=75




ABSTRACT

The Thesis is devoted to the study of the influence of non-homogeneity
on the stressed state 05 elastic bodies subjected to torsion, in partic-
ular bodies of revolution under mixed boundary conditions. In some
cases, the body may include a crack. We obtain analytical expressions
for some quantities of physical importance such as the applied torque
and the stress intensity factor in terms of auxiliary functions to be de-
termined from the mathematical solution. Each problem leads to one
or two coupled Fredholm integral equations of the second kind, the so-
lutions of which are obtained either numerically or by using Poincaré
expansions in a small parameter determined from the geometry of the
body.

We analyze the obtained results for the numerical values for the
stress intensity factor at the points of discontinuity of the boundary
conditions. We also compare our results with those known in the

literature.

KEYWORDS

Elasticity, Axisymmetric torsional problems, Bodies of revolution,

Nonhomogeneous elastic bodies, Half-space with surface constraint,

Crack problems, Elastic layer.







