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SHOT PEENING 

INTRODUCTION 

I n  a  r e c e n t  s t u d y ,  a l l  b u t  5 o f  t h e  1 3 0  c a s e s  of  c r a c k i n g  

i n  b r i d g e  s t r u c t u r a l  members we re  a t t r i b u t e d  t o  f a t i g u e  (1). 

The m a j o r i t y  o f  t h e s e  f a t i q u e  c r a c k s  i n i t i a t e d  ad1acer . t  t o  a 

weld ( F i g .  1 ) .  T h i s  i s  n o t  s u r p r i s i n g ,  s i n c e  welds  i n t r o d u c e  ' 

t h r e e  c o n d i t i o n s  which r e d u c e  t h e  f a t i g u e  s t r e n g t h  of t h e  welcied 

j o i n t s .  

F i r s t ,  t h e  weld bead c r e a t e s  a s u r f s c e  d i s c o n t i n u i t y  o r  

s t r e s s  r i s e r .  This s t r e s s  r i s e r  can d o u b l e  t h e  c a l c u l a t e d  nax i -  

nun s u r f a c e  stress froin t h e  z ~ p l i e d  Lozd and t h e r e b y  lower t h e  

f a t i g u e  s t r e n g t h .  

Second,  a s  t h e  l a s t  p a s s  35 v e l d  x e t a i  c o o l s  and c o n t r a c t s ,  

h i g h  t e n s i l e  s t r e s s r - s  remair .  i n  rrhe weld a r d  a d j a c e n t  h e a t  a f -  

f e c t e d  zone ( F i q .  2 )  . I n  t h e  ? a s t  t h e s e  d e t r i m e n t a l  t e n s i l e  

? - s t r e s s e s  were w r i t t e n  o z r  2 s  b e i n 5  h a r n l e s s . .  S i z c e  t h e  r e s i d u a l  

t e n s i l e  s t r e s s e s  a r e  h i q h ,  a p ~ r o a c k . i n g  t h e  ; ~ i e S d  s t r e n g t h  of t h e  

s t e e l ,  t h e y  were  e x p e c t e d  t o  be  r e d u c e d  by y i e l d i n g  a t  t h e  f i r s t  

a p p l i c a t i o n  o f  a l o a d  d u r i n c  n o r n a l  s e r v i c e .  T h i s  i s  t r u e  - a 

r e d u c t i o n  i n  r e s i d u a l  s u r f a c e  stresses d o e s  o c c u r .  Unfo r tuna t e -  

l y ,  s i n c e  t h e  l o a d s  a r e  low by p r u d e n t  d e s i g n ,  t h e  r e d u c t i o n  of  

r e s i d u a l  s u r f a c e  t e n s i l e  s tresses i s  min ima l -  

T h i r d ,  irnpro3'r w e l d i n g  c a n  i n t r o d u c e  p o r o s i t y ,  s l a g  i n c l u -  

s i o n s  and poor  f u s i o n .  When t h e  weld  i s  i n s p e c t e d  u s i n g  nonde- 

s t r u c t i v e  means,  t h e s e  d i s c o n t i n u i t i e s  a r e  no rma l ly  r e v e a l e d  ,and 

c o r r e c t i v e  a c t i o n  i n i t i a t e d .  I n  some s t e e l s  we ld inq  can  a l s o  



CASE STUDY AND SOME APPLICATIONS 

i n t r o d u c e  a h a r d e r ,  e m b r i t t l e d  a r e a  n o t  d e t e c t e d  by nondes t ruc -  

t i v e  t e s t i n g .  Th i s  ha rde r  a r e a  i n  t h e  h e a t  a f f e c t e d  zone w i l l  

i n c r e a s e  t h e  notch s e n s i t i v i t y .  The r e s u l t  i s  c r a c k i n g  d u r i n g  

sub-zero  w in t e r  wea ther  which c a n  p r o v i d e  an avenue f o r  f a t i g u e  

c r a c k  propaga t ion .  

With a l l  t h e s e  c o n t r i b u t i n g  f a c t o r s  a v a i l a b l e  t o  i n i t i a t e  

f a t i g u e  c r a c k s ,  p r a i s e  i s  i n  o r d e r  f o r  t h e  d e s i g n e r s ,  w e l d e r s ,  

i n s p e c t o r s  and c c n s u 1 t a r . t ~  who have  k e ~ t  f a t i g u e  c r a c k i n g  t o  a 

xinimum, What fo l l c t r s  is  3 l i s t  o f  t h e  v a r i o u s  methods used i n  

t h e  p a s t  and a i s o  i ney; xethod. ~ r o p o s e c  t o  p r e v e n t  c r a c k i n g  i n  

t h e  f u t u r e .  

NETEODS TO ??.EVEKT FATIGUE CRACK I X G  

The assumption was t h a t  f a t i g u e  c r a c k i n g  would never  

o c c u r  s i n c e  b r i d g e s  were o v e r  d e s i g n e d ,  t h e  s t & l  was s e l e c t e d  

:or i t s  s u p e r i o r  f a t i g u e  p r o p e r t i e s ,  and r e s i d u a l  t e n s i l e  s t r e s s -  

e s  would r e l i e v e  themselves  Srom t h e  v i b r a t i o n s  s e t  up by t r a f -  

fic. Unfor tuna t e ly ,  i n  many i n s t a n c e s  t h e  fo rma t ion  o f  a fa -  

t i g u e  c r a c k  provi2ed a s u r p r i s i n q  form of  p o s t  weld s t ress  re- 

l i e f .  Once f a t i g u e  c r a c k s  d i l  a p p e a r ,  t h e  r e a s o n s  f o r  t h e  

c r a c k s  were exp la ined  by Poor  d e s i g n  o r  ove r load .  Ove r load ing  

was c o r r e c t e d  by r e s t r i c t i n g  t h e  t r a f f i c  t o  au tomob i l e s  and 

exernptinq t r u c k s .  Most e n g i n e e r s  i n  t h e  b r i d g e  community were 

comfor t ed  by t h e  f a c t  t h e y  d i d  n o t  u s e  t h e  p a r t i c u l a r  d e s i g n  

t h a t  f a i l e d .  The few t h a t  had f a t i g u e  c r i t i c a l  d e t a i l s  used  t h e  

f o i l o w i n g  methods of  r e p a i r :  




































