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The scope of this paper is to investigate the effect of annealing operations of 
glass on its strength and cracking conditions. This annealing operation reduces the 
residual stresses and strains, caused by uneven maling conditions during manufact- 
uring. 

Firstly, the equations of fracture mechanics of ordinary glass were demonstrated ; 
after that the annealing factor in the equations, was introduced. 

The importance of thlu research comes from the fact that improving the strength of 
glass will be reflected immediately in vast applications, specially in sheet glass 
industry. 

It was found , when the residual stresses were eliminated,that the crack extension 
force increased by 68% mor than the ordinary glass. 
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NOMENCLATURE 

E Modulus of elasticity 
G Crack extension force. 

Gt Crack extension force of annealed glass. 
KI Stress intensity factor. 
I; Stress intensity factor in annealed glass. 
r: 8 Polar coordinates. 
x,y,z Rectangular coordinates. 
u,v,w Components of displacements. 
cx distance. 
bi Internal stress in glass. 

6x,6y,6Z Ncrmal components of the stress parallel to x,y, and t axes, respectively. 

6 Unit elongation, 
c ~ , ( ~ , ( ,  Unit elongation in X,y and z directions, respectively. 

r moduluc of rigidity. 

-9 Poisson's ratio. 
- 1 -  



INTRODUCTION 

 lass is a very  important  eng ineer ing  m a t e r i a l ,  and every body can  v i s u a l i z e  its 
g r e a t  a p p l i c a t i o n s  everywhere.Indead, g l a s s  h a s  u s e f u l  p r o p e r t i e s  such a s  cheapness,  

easy manufacturing, and many f a v o r a b l e  p h y s i c a l  p r o p e r t i e s  such a s  t ransparency,  
i n s u l a t i o n ,  hardness ,  ... ect. 

I n  t h e  l a s t  decade, much more i n t e r e s t  was p a i d  t o  t h e  t h e o r e t i c a l  a n a l y s i s  and 
s tudy  i n  t h e  f i e l d  of  f r a c t u r e  mechanics and g l a s s  tec-. 

The s t r e n g t h  of g l a s s  seems t o  be t h e  major handicaping proper ty ,  and it is a l s o  
a f f e c t e d  to a g r e a t  e x t e n t  bv t h e  thermal  and s u r f a c e  c o n d i t i o n s  of g l a s s .  T h i s  is 
t h e  main problem t h a t  w i l l  be d i scussed  i n  t h i s .  paper. A f t e r t h e  a n a l y s i s  of t h e  
g l a s s  f r a c t u r e  mechanics and its crack ing  c o n d i t i o n ,  t h e  annea l ing  f a c t o r  was i n t r o -  
duced t o  i n v e s t i g a t e  i ts e f f e c t  on t h e  s t r e n g t h  and c rack ing .  

PAP3 (I) 

THE ELASTIC CRACK TIP STRESS FIELD 

Using w e s t e r g a a r d t s  complex s t r e s s  f u n c t i o n ,  L atrko*' demonstrated t h a t  t h e  e l a s t i c  
s t r e s s  f i e l d  near t h e  t i p  of  t h e  c rack  i n  a s h e e t  of  b r i t t l e  m a t e r i a l ,  could be des- 
cr ibed by: 
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q7 . i  2 

I 8 8 38 
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5 = -  e s i n  - 38  
c o s  ; cas - ................................ 2 (1-C) 
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* 1 Where t h e  r a d i u s ,  r ,  and t h e  ang le ,  €),are def ined  a s  i n  F ig  (1) . 

The corresponding d i sp lacements  f o r  p lane  s t r a i n  ( ( =0) become*': 
K 

u = con ( 1 - 2 ~  + s i n 2  ?) ................................ (2-a) ii 2 6 s i n  (2-29 - c o s  r) ................................ (2-b) v = -  
p ' 4 . 2 7  

w = o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(2-'21 

By using 8 = 0 i n  equa t ion  (1-b) , and e =W' i n  equa t ion  (2-b), and r =  ( d - ~ ) * ~ :  

K~ 4 ( 1 - v 2 )  .'. d = - and v = 
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PART (11) 

THE EFFECT OF ANNEALING ON CRACK iORCE I N  GLASS 

I n  o r d e r  t o  f i n d  t h e  e f f e c t  o f  a n n e a l i n g  on c r a c k  e x t e n s i o n  f o r c e  i n  g l a s s p n  a t t e m p t  
w i l l  b e  made to  a d a p t  t h e  e q u a t i o n s  o f  t h e  c r a c k  e x t e n s i o n  f o r c e  i n  b r i t t l e  m a t e r i a l s .  

Taking t h e  a n n e a l i n g  e f f e c t  i n t o  a c c o u n t ,  t h e  c o o r d i n a t e  sys t em a t  t h e  c r a c k  t i p  may 
b e a s  shown i n  F ig .  (3).  Subsequen t ly ,  t h e  e q u a t i o n s  o f  stress and d i s p l a c e m e n t s  
become : 
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To o b t a i n  t h e  v a l u e  o f  8 a t  t h e  minimum i n t e r n a l  s t r e s s  : 1 
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When 
dCi 
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'1 3ei 2 = 3 s i n  - cos - 3ei '1 
2 2 + s i n  -5- cos j-- - s i n  

By us ing  9 = 0 and el 1 62' i n  eqvstlrn (23-2) i 

E.B.  hand*^ r e p o r t e d  t h a t  t h e  i n c r e a s e  o f  s t r e n g t h  a s  a r e s u l t  o f  anneq l ing  = 0,4 
exper imenta l ly .  

So it may be 0 ( K t  < 0,4 HI 

By u s i n g  9 = 180' and el = 62' i n  equa t ion  (b-2) 

Po isson ' s  r a t i o  c a n  be t aken  a s  0.23 f o r  calculations*4 

By us ing  equa t ion  (3-a): 

CONCLUSION 

I'he t h e o r e t i c a l  r e s u l t  shows t h a t  t h e  i n c r e a s e  o f  t h e  c r a c k  e x t e n s i o n  f o r c e  in 
g l a s s ,  a t  z e r o  r e s i d u a l  stress, may be 68 % ; comparing wi th  t h e  o r d i n a r y  g l a s s .  
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Fig* ( 1 : Coordinate system awl stress compoumts 
a t  t h e  crack tip? 

F ig .  ( 2 1: Schem t i c  representation of  the  t i p  o f  
a crack.- 
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Fig, ( 3 ): C90rdinate system a t  t h e  crack 

t i p  after a n n e a l i n g .  
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W r . 4  1: Assessment of e, va lue .  


