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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 :  
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Method t l  

The cracks appearing in the box girder design for instance, 

( F i g .  3) were arrested by drillinu holes at the end of' the crack 

or at the crack initiation point as a preventative. This is 

considered a temporary solution and there is no way of predict- 

ing when the cracks will reappear in the drilled holes. Vari- 

abbes such as t h e  r e s i d u a l  surface stresses in the hole and how 

the drill was extracted from the hole cannot be controlled. 

Fast cutzing or d r i l 1 i r . q  of  the h o l e  c a n  create h i q n  ternpera- 

t.l Lures that -will leave hicl; residuai rknsile stresses. Wher. the 

.drill is removed from the i o i e ,  a detrineztal stress riser may 

be left. by a scratch ~arallel to t h e  hole axis. 

X e t k o d  = 2  

Weld repzir, the more economical solution when compared to 

spliciag, was not adopted in many cases since the fatigue crack 

was expected to reappear withi.? the same time frame or sooner. 

Large faticue cracks as shcwn in Fioure 1 have mostly b e e n  

sp l i c ed  by bolting. 

,Yetho< g 3  

A method studied ar.d implemented on new construction and 

particularly on cover plate termination welds is grinding ( 3 )  . 

Bridqes p r e s e n t l y  being erected exhibit a blendinq of the cover 

plate end and Lower I-beam fiange with 2 weld so streamlined its 

configuration sugges ts  it would have to meet an aerodynamic 

test. A lot of grinding is required for such a blended weld, 

and it is a shame Little thought was given to the second fatigue 
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s t r e n g t h  l o w e r i n g  c h a r a c t e r i s t i c  l i s t e d  a b o v e  - namely,  r e s i d u a l  

t e n s i l e  s tresses.  The h e a t  a e n e r a t e d  f r o m  s e v e r e  g r i n d i n g  may 

l e a v e  t h e  s u r f a c e  i~ t e n s i o n  w i t h  m a g n i t u d e s  o f  t e n s i l e  s t r e s s e s  

e q u a l  t o  t h o s e  o f  w e l d i n g .  And i f  t h e  g r i n d i n g  i s  n o t  m o n i t o r e d  

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

f a t i g u e  c r a c k  i n i t i a t i o n  s i t e s  and  l o w e r  t h e  f a t i g u e  s t r e n q t h  

e v e n  more.  S t u d i e s  have shown t h e  m a g n i t u d e  o f  s u r f a c e  s t r e s s e s  

a r e  i n v e r s e l y  p r o p o r t i o n a l  to t h e  f a t i g u e  s t r e n g t h  ( F i g .  4 1  w i t h  

a l l  o t h e r  v a r i a b l e s  b e i n g  e q u t l .  I n  o t h e r  vords ,  t h e  higher the 

s u r f a c e  s t r e s s e s  (residuai s t r e s s  p l u s  a p p l i e d  s t ress )  , t h e  

Lower t h e  f a t i g u e  s ~ r e n q t h .  , 

\ ...: 
The u s e  o f  h e a t  t o  . s t ress  r e l i e v e  s u c h  a n  I - b e a n  a f t e r  

. 7  ael2ir.q and j r i n d i z g  h a s  Yeer. c o x s i d e r e 2  and  ther.  abandoned .  

The p o t e n t i a l  d i s t o r t i o n  t h a t  would  d e v e l o p  d u r i n g  h e a t  s t r e s s  

r e l i e v i n g  was oxe c o n c e r n .  The r e d u c t i o n  o f  t h e  t e n s i l e  

s t r e n q t h  f rom hish s t r e s s  r e l i e y r i n g  t e m p e r a t u r e s  was the o t h e r  

c o n c e r n  b e c a u s e  o f  t h e  a n n e a l i n q  e f f e c t .  

The American Weldinq S o c i e t y  Weld ing  Handbook n o t  o n l y  

a d v i s e s  t h e  e l i m i n a t i o n  o f  t e n s i l e  stresses from w e l d i n g  on 

f a t i g u e  c r i t i c a l  components b u t  a l s o  s u g g e s t s :  

" . . .it may b e  a d v a n t a g e o u s  t o  i n d u c e  

c o m p r e s s i v e  r e s i d u a l  stress i n  c r i t i c a l  

a r e a s  c f  a  w e i d n e n t  w h e r e  c y c l i c  ap- 

p l i e d  t e n s i l e  stresses a r e  e x p e c t e d .  

T h i s  r;.ay be a c c o m p l i s h e d  by a  w e l d i n g  

sequer.ce t h a t  c o n t r o l s  r e s i d u a l  s t r e s s -  
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e s  from weld ing ,  o r  b y  a l o c a l i z e d  

t r ea tmen t  t h a t  a c t s  t o  p l a c e  t h e  s u r -  

f ace  i n  compression" ( 6 )  . 

Method $ 4  

Research i n i t i a t e d  by AASHTO's N a t i o n a l  Coopera t ive  Highway 

Research Program i n  the 1 9 7 0 f s ,  r e p o r t e d  t h a t  a t echn ique  known 

a s  2eening i n h i b j  t e d  t h e  c r a c k i n g  p rocess  ( 4 )  . By impact ing t h e  

a r e a  of t h e  weld toe  w i t h  a p z e u n a t i c  hzmmer, f a t i c i l e  c r a c k s  

were ?revented from re tur r , ing  or a 28 span s t e e l  b r i d g e  on I n t e r -  

state 9 5  i n  C o n ~ e c t i c u t .  T h e  i ~ l i t i a l  c r a c k i n g  of  t h e  cover  

e l a t e  t e r n i n a t i o n  welds o c c c r r e 2  a f t e r  1 3  y e a r s  o f  exposure t o  

kick volume t r a f f i c .  T h e  pegninq r e t r o f i t  gerformed ir. 1978 on 

7 0 0  cover  p l a t e  ends saved n o r e  t h a n  one m i l l i o n  d o l l a r s  com- 

m e r  over  your  head. and a p p l y  a  c o n s t a n t  p r e s s u r e  c n  t h e  hammer 

When t h e  New 

wanted 

ove r  Route 4 6  i n  1983, 

one w i l l i n g  t o  perform 

i s  a d i f f i c u l t ,  i f  not  

and i s  s t i l l  c rack  f r e e  i n  1989. I 

J e r s e y  Depar tnen t  o f  T r a n s p o r t a t i o n  

have cove r  p l a t e  welds peened on a  b r i d q e  

t h e i r  c o n t r a c t o r  was unab le  t o  f i n d  any- 

t h e  pneumatic  hammer peening  p rocess .  I t  

i m p c s s i b l e ,  t a s k  t o  ho ld  a 1 0  pound ham- 

t o  pound a 3.17mm ( 1 1 8 " )  wide groove  i n  the weld t o e .  Continu- 

ous performance of t h i s  r i q o r o u s  work may.  a l s o  r e s u l t  i n  an 

a f i l i c t i o n  a f f e c t i n q  t h e  nervous  sys tem i n  t h e  o p e r a t o r ' s  hand 

known a s  Carpal  Tunnel Syndrome. The N.J.D.O.T. adopted a con- 

t r o i l e d  s h o t  peenins  s p e c i f i c a t i o n  and t h e  work  on t h e  P a s s a i c  
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Avenue Bridge was completed in three days by the local Metal 

Improvement Company, Inc. division located in Carlstadt, New 

Jersey (Fig. 5). The same specification meeting MIL-S-13165 

controls has been presented to ;?ASHTO for adoption and it is 

hoped that the Transportation Research Board will recommend 

further s t u d l i  to determine how many stress cateoories will be 

raised Sy the controlied shot peening process ( 7 ) .  

CONTZOLS 

T h e  deficienc;~ common to a i l  the pre~iously tried xethods 

to ?revent   fatigue crzcks in sleldnents is a lack of control. 

Hand h e l d  grindino, hand heid Brillizq, or hand held, 

~eeninq toois introduce a variable that vss eliminated with 

N I L - 5 - 1 3 1 6 5 C  specificztion shot peening egui~ment (Fiq. 5 ) .  

"3.2 Equipent 

3 . 2 . 1  Automatic Shct  P e e n i n a  

The machine used for shct peenin9 shall 

provide means for aropelling shot by 

air pressure or centrifugal force 

agaiRst the work, and mechanical means 

for moving the work through -the shot 

stream or movi~g the shot stream 

through the work in either trznslation 

or rotation, or both zs  required. The 

machine shall be capable of reproducing 

consistently the shot peenina intensi- 

ties required .... The equipment shall 
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c o n t i n u o u s l y  remove b r o k e n  o r  d e f e c t i v e  

s h o t  s o  t h a t  t h i s  s h o t  w i l l  n o t  b e  u s e d  

f o r  peen ing"  ( 8 ) .  

T h i s  s e p a r a t o r  p r o v i d e s  c o n t i n u o u s  remova l  o n  pon-round 

s h o t  t h a t  i s  produced when t h e  s tee l  s h o t  f r a c t u r e s .  

The i n t e n s i t y  i s  measured  a t  f a t i g u e  c r i t i c a l  l o c a t i o n s  

w i t h  t h e  u s e  o f  Almen s t r i p s .  The a r e a  i s  c h e c k e a  f o r  c o v e r a g e  

o r  c o m p l e t e  c o l d  :<ark 3- c o a t i n g  t h e  w e l d  and  h e a t  a f f e c t e d  zone 

v i t k  a  f l u o r s s c e c t  dye .  T h e  dye  b r e a k s  up a s  t h e  s h o t  i m p a c t  

s t r e t c h e s  t h e  s L r f a c e  tc form t h e  d i m p l e ,  t h e r e b y  g i v i n g  t h e  

q u a l i t y  c o r t r o l  i n s p e c t o r  t h e  l e v e r a q e  t o  ins is^ on l o n g e r  

- C s e e n i n q  cirnes :r needee .  

The ' f l u o r e s c e n t  dye  has a n c t h e r  f u n c t i o n  beyond c h e c k i n g  

Gn?- - - - coverar je .  T h e  dye works  i t s  way i n t o  p o r o s i t y ,  i n c l u s i o n s ,  

o r  c r a c k s  opened u p  by the p e e n i n g  a n d ,  t h e r e f o r e ,  p rov . ides  a n  

a d d i t i o n a l  q u a l i t y  c o - t r o l  on t h e  w e l d  by r e v e a l i n g  s h a l l o w ,  

s u b s u r f a c e  f l a w s .  

A t h i r d  q u a l i t y  c o n t r o l  f e a t u r e .  o f f e r e d  b y  c o n t r o l l e d  s h o t  

p e e n i n g  i s  t h e  f a c t  t h a t  a  h a r d e r ,  e m b r i t t l e d  h e a t  a f f e c t e d . - z o n e  

w i l l  b e  v i s u a l i y  o b v i o u s  a f t e r  p e e n i n g .  ?here w i l l  b e  s h a l l o w e r  

d i m p l i n g  i n  t h e  h a r d e r  a r e a s ,  
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t h e  q u a l i t y  c o n t r o l  i n s p e c t o r  a c h a n c e  t o  r e > e c t  p o o r  g r i n d i n g  

o r  w e l d  q u a l i t y .  A v a r i a t i o n  i n  d i m p l e  d i a m e t e r  may a l s o  e x p o s e  

e m b r i t t l e d  a r e a s  i n  t h e  h e a t  a f f e c t e d ' z o n e .  

S i n c e  f a t i q u e  s t r e n g t h  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  r e s i d u -  

a% s u r f a c e  s t r e s s e s  and s h o t  p e e n i n g  p r o v i d e s  t h e  g r e a t e s t  s u r -  

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

e f f e c t i v e  p o s t  we ld  s t r e s s  r e l i e f  method t o  s o l v e  t h e  p rob lem o f  

f a t i g u e  i n  s t e e l  b r i d q e  component  d e t a i l s .  

E n g i n e e r s  and d e s i g n e r s  h a v e  l e a r n e d  t o  a p p r e c i a t e  t h e  

economy of w e l d i n g  and n e e d  t o  a d d r e s s  methods  o f  i m p r o v i n g  

f a t i g u e  s t r e n g t h .  S h o t  p e e n i n g  p e r  MIL-S-13165C, o f f e r s  t h e  

m o s t  p r o m i s e  by d e a l i n g  w i t h  t h e  t h r e e  c o n d i t i o n s  of  f a b r i c a t i o n  

which r e d u c e  f a t i q u e  s t r e n a t h .  

1. The m u l t i p l e  i m p a c t s  o f  r o u n d ,  u n i f o r m  s t e e l  s h o t  p r o -  

p e l l e d  i n  a u t o m a t i c  equ ipment  n e a a t e  the c i f f e c t s  o f  t h e  s t ress  

r i se r  a t  t h e  t o e  of t h e  weld. 

2 .  Cold work in?  of  t h e  we ld  azld h e a t  a f f e c t e d  z o n e  t.= a 

s p e c i f i e d  d e p t h  i n d u c e s  r e s i d u a l  c o n p r e s s i ~ a  stresses o f  -42, C O O  

p s i  on a 70,000 p s i  u l t i m a t e  t e n s i l e  s t r e n q t h  s t e e l  s u c h  a s  :ST3 

8 5 8 8 .  T e n s i l e  s t r e s s e s  f r o m  we l2 i ; lq  o r  g r i n d i n q  c a n  peak  a t  

42 ,300  p s i  a t  t h e  m e t a l  s u r f a c e  which amounts  t o  a  8 2 , 0 0 0  p s i  

o v e r a l l  s t ress  r e d u c t i o n -  

% .  The f l u o r e s c e n t  t r a c e r ,  a p p l i e d  p r i o r  t o  s h c t  p e e n i ~ q  

t o  c h e c k  f o r  o v e r l z p p i n q  i m p a c t s ,  i s  a b l e  t o  e x p o s e  c r a c k s ,  w e l d  

p o r o s i t y ,  and i n c l u s i o n s  n o t  v i s i b l e  p r i o r  t o  p e e n i n o .  The 

r e t e n t i o n  o f  t h e  f l u o r e s c e n t  dye i n  c r e v i c e s  a t  t h e  t o e  o f  t h e  

w e l d ,  and i n  p o r o s i t y  and i r . c l u s i o n s  opened. up by p e e n i n 9  q i v e s  
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SFECIFICATIONS ?OR CONTROLLED SHOT PEENING OF STEEL BRIDGE 

FATIGUE CRITICAL COMPONENT DETAILS 

I REASON FOR SHOT PEENING 

The purpose for shot peening is to increase the fatigue life by 

inducing a layer of compressive stresses below the surface. 

This corpresse2 s t x ' s  layer introduced by cold wor!cina the 

machining 

2 - Obliterate szzess concenrr,tions z t  the toe of the 

weld, heat checks iron abusive grinding and machining 

anC qricdinq marks. 

3 - Serve as a quality control tool by exposi~g subsurfzce 

I1 REFSRENCES 

NIL-5-13165 This specification may be obtained by telephon- 

ing 2151697-3321 or writing to Defense Industrial Supply Center, 

700 Robbins Avenue, Philadelphia, Pa. 19111. 

111 The depth of compressive stresses shoulZ adhere to the 

guidelines : 

1 - Maximum depth of compressive stresses should be 
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I V  SAMPLE SPECIFICATION 

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

c o n t r o l s  : 
CONTROL EXAiYPLE 

1 - S h o t  s i z e  

2 - Energy of I m p z c t  -008- .010C A l z e n  I n t e n s i t y  

3 - C o r n ~ l e t e  ColZ work P e e n  3 "  e i t h e r  s i i i e  of  a l l  

4 - Q u a l i t y  a. U s e  method "5" 

p a r a g r a p h  6 . 1 1  page  l P o 5  

XIS-S-13i65C t o  c h e c k  for 

b.  I n s p e c t  f o r  c o m p l e t e  c o l d  

work u s i z ~  a  b l a c k  l i g h t  

w i t h  100 w a t t  h i c h  

i n t e n s i t y  bu lb  w h i c h  

e m i t s  l o n q  wave u l t r a -  

v i o l e t  r a d i a t i o n  i n  t h e  

r a n g e  o f  365O Angs t rom 

u n i t s  

V REASONS FOR REPEENING (PEENING A SURFACE FOR A SECOND 

OR MORE TIME) . 

1 - R e l i e f  of b e n e f i c i a l  c o m p r e s s i v e  s tresses by  f i r e  

( t e m p e r a t u r e s  above 5 0 0 ~ ~  w i l l  r e d u c e  t h e  s tresses,  

w h i l e  t e m p e r a t u r i  a b o v e  10 O O O F  w i l l  c o m p l e t e l y  

e l i m i n a t e  t h e  b e n e f i c i a l  c o m p r e s s i v e  s t resses ) .  

2 - Y i e l d i n g  o f  the m e t a l  s u r f a c e  as  may b e c a k s e d  by 

i m p a c t  o f  a truck d u r i n g  an  a c c i d e n t .  

3 - G r i n d i n g ,  d r i l l i n g ,  m a c h i n i n g  o r  w e l d i n g  o f  a  p e e n e d  

d e t a i l , .  

4 - The s u r f a c e  t o  b e  p e e n e d  s h o u l d  be f r e e  of p a i n t  o r  

r u s t .  P r e p a r a t i c n  of t h e  s u r f a c e  may b e  b y  g r i n d i n g  
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APPENDIX B 

THINGS TO DO WHEN PLANNIEG TO SHOT PEEN 

I .  I n t r o d u c e  c o n t r o l l e d  s h o t  p e e ~ i n g  r e q u i r e ~ . e n t s  t o  a l l  

p a r t i e s  i n v o l v e d .  

SEW CONSTRUCTION 

C, E r e c t o r  

D .  C e r t i f i e d  Shot  

P e e n e r  

Welder  

S h o t  P e e n  

REASON 

D e t e r n i n e -  f a t i q u e  

critical d e t a i l s ,  

P r e p a r e  sample  we ld  

s c e c i r n e . ~ .  

Avoid t a c k  w e l d i ~ q ,  

q r i ~ d i n g ,  drillina, 

e t c .  o f  shot peened 

- . . - G - - * -  
~ U L  ,-a~t;=. 

S e l e c t  a u t o m a t i c  

p e e n i n g  e q u i p m e n t  

2 .  W r i t e  P e e n i n g  S p e c i f i c z t i o n  

A ,  S e l e c t  Almen i n t e n s i t y  r a c c e .  

B .  Chcose  s h o t  s i z e .  

C .  P r e p a r e  s k e t c h e s  o u t l i n i n q  areas t o  be p a i n t e d  w i t h  

f l u o r e s c e n t  Dyescan t r ace r .  

. 3 .  P r e p a r e  F a t i g u e  C r i t i c a l  D e t a i l s  
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A. Grind or blast (Aluminum oxide or steel) clean if rusty 

painted. 

Nondestructively test (N.D.T.) all f a t i g u e  critical 

welds. 

C. Weld with procedures that avoid porosity, slag 

inclusions, stray arc strikes, e t c ,  

D. Paint on fluorescent dye where i cd i ca t ed  on sketches/ 

specificaticn. 

E. ~ h 0 . t  peen wick MIL-S-13165 controls. 

F. Quality Toctroi to check for coverzce and vel6 quality. 

G .  Prepare fcr ~ainting if needed. 
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F i g .  1 F a t i g u e  cr+ck i n i t i a t e d  a r  

stiffener butt weJd j o i n t  

i n  a composite b r i d g e  c i r c e r .  
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I 

F i g .  2 R e s i d ~ a l .  stresses i n  welded 

beam - SAE Design Eandbook (2) 

= residual scress 

nc;. 3 " 201.: g l r c e r  . . d e s i g n  w i t h  hciec t i r i i l ed  at f a t i s u e  
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I 

I 

-300 b 300 600 900 12b0 
Peak residual stress ( ~ ~ r n - ' )  

F i g .  4 Correlation b e t w e e n  f a t i g u e  

strengqh and   pea^ residual 

stress f o r  A I S i  4340 steel.C5) 
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Zig. 5 S e t r i n g  u p  for ccnrrolied s h o c  2eening of 

c o v e r ~ l a t e -  termination welds a r  :he Fassa i c  

Avenue Bridge over New J e r s e y  Rou te  4 6 .  


