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Bridge r e h a b i l i t a t i o n  p r e s e n t s  very chal lenging and d i f f i c u l t  
e n g i n e e r i n g  p r o b l e m s .  T y p i c a l l y ,  b r i d g e s  s c h e d u l e d  f o r  
r e h a b i l i t a t i o n  a r e  Old s t r u c t u r e s  wi th  long s e r v i c e  l i v e s ,  o f t e n  
w e l l  p a s t  t h e  o r i g i n a l  d e s i g n  l i f e .  These s t r u c t u r e s  o f t e n  
s u f f e r  from n e g l e c t ,  and a r e  i n  h o s t i l e ,  aggress ive  environments. 
The r e s u l t  is a  s t r u c t u r e  t h a t  has s eve re  co r ros ion  damage and is 
d e t r i m e n t a l l y  e f f e c t e d  i n  many ways, and o f t e n  very seve re ly .  

The same f i e l d  cond i t i ons  t h a t  cause  t h e  d e t e r i o r a t i o n  c r e a t e  
many d i f f i c u l t i e s  dur ing welding f o r  r e h a b i l i t a t i o n ,  Wind, r a i n ,  
t i d e s ,  a c c e s s  r e s t r i c t i o n s ,  and co r ros ion  produc ts  a l l  combine 
t o  make s u c c e s s f u l  f i e l d  welding extremely d i f f i c u l t  t o  achieve.  
These  d i f f i c u l t i e s  a r e  n o t  n o r m a l l y  p r e s e n t  f o r  b r i d g e  s h o p  
f a b r i c a t i o n .  The design codes and s p e c i f i c a t i o n s  do n o t  l e n d  
themselves t o  d i r e c t l y  apply t o  r e h a b i l i t a t i o n  p r o j e c t s .  AWS and 
AASWTO o u t l i n e  requirements t h a t  can be extremely cha l lenging  t o  
comply wi th  dur ing r e h a b i l i t a t i o n ;  however, most requirements  c a n  
be met, i f  t h e  r e h a b i l i t a t i o n  team of des igne r ,  c o n t r a c t o r  and 
weld ing  e n g i n e e r  a r e  w i l l i n g  t o  work t o g e t h e r  i n  a  c r e a t i v e  
fashion.  

The f i r s t  s t a g e  i n  a  s u c c e s s f u l  r e h a b i l i t a t i o n  is a  
c o n s c i e n t i o u s ,  t ho rough  d e s i g n ,  u t i l i z i n g  a  d e t a i l e d  e x i s t i n g  
b r i d g e  c o n d i t i o n  s u r v e y .  The d e s i g n e r  m u s t  t h e n  c l e a r l y  
communicate h i s  i n t e n t  wi th  drawings and s p e c i f i c a t i o n s .  The 
drawings  must be a c c u r a t e  s i n c e  t h e  e x i s t i n g  m a t e r i a l s  a n d  
dimensions can g r e a t l y  e f f e c t  t h e  c o n t r a c t o r s  work. 

During t h e  p repa ra t ion  of h i s  c o n t r a c t  documents, t h e  d e s i g n e r  
should a t  l e a s t  make prel iminary c o n t a c t  wi th  t h e  c o n t r a c t o r  and 
w e l d i n g  e n g i n e e r .  T h i s  c o n t a c t  c a n  i n c l u d e  r e v i e w i n g  
r e h a b i l i t a t i o n  and r e p a i r  ideas  or  procedures t o  make s u r e  t h a t  
t h e  f i n a l  c o n t r a c t  d o c u m e n t s  comply  w i t h  t h e  c o d e s  a n d  
s p e c i f i c a t i o n s .  The purpose of t h i s  paper is t o  review t h e  steps 
and p r o c e s s e s  where t h e  d e s i g n e r  and we ld ing  e n g i n e e r  work 
toge the r .  This  team approach is a b s o l u t e l y  necessary t o  ach ieve  
a  design t h a t  complies wi th  t h e  AWS D 1 . l  S t r u c t u r a l  Welding Code 
and AASHTO, a l l o w s  u s e  o f  s t a n d a r d  w e l d i n g  e q u i p m e n t  a n d  
processes ,  and can a l low f o r  a p p l i c a b l e  nondes t ruc t ive  t e s t i n g  
( h e r e a f t e r  r e f e r r ed  t o  a s  NDT) of t h e  completed weldments. 



11. MATERIAL IDEWIFICATION 

 he welding procedures  and t h e  welding processes  u t i l i z e d  i n  t h e  
r e h a b i l i t a t i o n  of b r i d g e s  w i l l  be  d i r e c t l y  a f f e c t e d  by t h e  
ma te r i a l  u t i l i z e d  i n  t h e  f a b r i c a t i o n  of t h e  s t r u c t u r e ,  A problem 
t h a t  is  o f t e n  encountered i n  r e h a b i l i t a t i o n  p r o j e c t s  is t h e  l o s s  
o r  absence of records  p e r t a i n i n g  t o  t h e  s t r u c t u r e .  Often t h e  
o n l y  means o f  m a t e r i a l  i d e n t i f i c a t i o n  i s  by c h e m i c a l  a n d  
mechanical t e s t i n g ,  

TO perform t h e  t e s t s  requi red  t o  i d e n t i f y  t h e  m a t e r i a l ,  chemical 
and mechanical t e s t  samples m u s t  be procured from t h e  s t r u c t u r e .  
The l o c a t i o n  f o r  t h e  removal of  s u i t a b l e  s a m p l e s  m u s t  b e  
determined by t h e  s t r u c t u r a l  engineer .  This w i l l  en su re  t h a t  t h e  
samples were not  removed from an a r e a  t h a t  would be i n j u r o u s  t o  
t h e  i n t e g r i t y  of t h e  s t r u c t u r e ,  

T e s t i n g  f o r  chemica l  c o n t e n t  w i l l  t y p i c a l l y  l e a d  t o  an ASTM 
s p e c i f i c a t i o n  t o  which t h e  t o l e r a n c e s  of t h e  chemistry w i l l  match 
t h e  f i n d i n g s  of t h e  c h e m i c a l  a n a l y s i s .  The m a t e r i a l  
c l a s s i f i c a t i o n  is  then  f u r t h e r  supported by mechanical t e s t i n g .  
The mechan ica l  t e s t  r e s u l t s  a r e  compared t o  t h e  m e c h a n i c a l  
requirements ou t l i ned  i n  t h e  ASTM s p e c i f i c a t i o n .  

The primary hope i n  performing t h i s  t e s t i n g  is t h a t  t h e  m a t e r i a l  
w i l l  t e s t  t o  be  one of t h e  p r e q u a l i f i e d  m a t e r i a l s  l i s t e d  i n  
Sec t ion  9 of t h e  AWS D 1 . l  S";uctural Welding Code. I f  t h e  t e s t s  
i n d i c a t e  t h a t  it is one of t h e  m a t e r i a l s  l i s t e d ,  t hen  t h e  welding 
procedure may be w r i t t e n  a s  a  p r e g u a l i f i e d  welding procedure.  
T h i s  w i l l  cons iderab ly  rfduce t h e  amount of t e s t i n g  and lead  t i m e  
needed t o  have q u a l i f i e d  we ld ing  p r o c e d u r e s .  T h i s  w i l l ,  o f  
course ,  l ead  t o  fewer de l ays  and lower c o s t  t o  t h e  c o n t r a c t o r s  
involved i n  welding, 

I f  br idge documents a r e  a v a i l a b l e  then they need t o  be reviewed 
t o  determine t h e i r  accuracy,  I f  t h e r e  is any q u e s t i o n  a s  t o  t h e  
mater ia l  typer  it is recommended t h a t  t h e  above procedures  be 
u t i l i z e d  t o  prevent  f u t u r e  f i e l d  welding problems. I t  is a l s o  
recommended t h a t  a t h o r o u g h  i n v e s t i g a t i o n  be per formed t o  b e  
c e r t a i n  t h a t  t h e  s t r u c t u r e  is homogenous i n  ma te r i a l  type.  Th i s  
may be v e r y  i m p o r t a n t  f o r  o l d e r  s t r u c t u r e s ,  c o n s t r u c t e d  when 
t h e r e  was n o t  a s  high a  q u a l i t y  c o n t r o l  on s t e e l  manufacturing a s  
t h e r e  is today. 



111, WELDING PROCEDURE 

The d e v e l o p m e n t  Of a  w e l d i n g  p r o c e d u r e  c a n  t a k e  two v e r y  
d i f f e r e n t  approaches ,  a s  ou t l i ned  by AWS D 1 . l  and AASHTO, i.e. 
p r e q u a l i f i e d  o r  non-prequalif ied.  The p re fe r r ed  approach is a  
p requa l i f  ied procedure. TO have a  pr equal i f  ied procedure ,  it 
m u s t  meet a  c e r t a i n  c r i t e r i a  o u t l i n e d  i n  AWS D 1 . 1  S t r u c t u r a l  
Welding Code and/or a s  n o t i f i e d  by AASHTO. The j o i n t  welding 
procedure requirements  w i l l  be found i n  Sec t ions  2 ,  3 ,  4 ,  5, and 
9 f o r  b r i d g e s  and Sec t ion  7 f o r  s tud  welding i n  code e d i t i o n s  
l a t e r  than 1980. 

f t  is of p a r t i c u l a r  impor t ance  t h a t  t h e  d e s i g n  e n g i n e e r  be  
f a m i l i a r  w i th  Sec t ion  2 of t he se  codes. I f  t h e  des igne r  does n o t  
s p e c i f y  a  j o i n t  t h a t  i s  p r e q u a l i f i e d ,  of c o u r s e ,  it w i l l  b e  
impossible f o r  t h e  welding con t r ac to r  t o  meet t h e  requirements  of 
a  p r e q u a l i f i e d  w e l d i n g  p r o c e d u r e .  T h i s  i s  a n  u n f o r t u n a t e  
s i t u a t i o n ,  p a r t i c u l a r l y  when a l l  of t h e  o t h e r  e lements  t h a t  go 
i n t o  t h e  procedure meet t h e  p requa l i f  i c a t i o n  requirements.  I f  
t h e  design eng inee r  w i l l  consu l t  wi th  t h e  welding eng inee r  i n  t h e  
e a r l y  s t a g e s  o f  d e s i g n ,  t h i s  u n f o r t u n a t e  s i t u a t i o n  c a n  b e  
avoided, 

~f a l l  t he  m a t e r i a l  and j o i n t  requirements  meet t h e  c r i t e r i a  of 
aws ~ l , l  and /o r  a s  mod i f i ed  by AASHTOI it t h e n  becomes t h e  
r e s p o n s i b i l i t y  of t h e  welding c o n t r a c t o r  t o  t a i l o r  h i s  procedures  
around t h e  l i m i t a t i o n  of v a r i a b l e s  s e t  f o r t h  i n  t h e  v a r i o u s  
s e c t i o n s  of t h e s e  codes. A t  t h i s  p o i n t  it is e s s e n t i a l  t h a t  t h e  
con t r ac to r  choose a  p rocess  t h a t  w i l l  be s u i t a b l e  t o  t h e  f i e l d  
c o n d i t i o n s  t h a t  w i l l  be e n c o u n t e r e d .  For example:  f u l l y  
automatic submerged a r c  welding (S.A.W.) would probably be a  poor 
choice f o r  f i e l d  implementation i n  t h e  h igh ly  r e s t r i c t e d  h o s t i l e  
environment of t h e  unders ide  of a  bascu le  br idge.  Whereas t h e  
p o r t a b i l i t y  and v e r s a t i l i t y  of s h i e l d e d  me ta l  a r c  w e l d i n g  
(S,Ef.A.W,) would  make i t  a  v e r y  good c h o i c e  i n  t h e  s ame  
s i t u a t i o n .  

The choice of a  p a r t i c u l a r  p rocess  must be made w i t h  a l l  t h e  
var ious  components t h a t  go i n t o  t h a t  p roces s  i n  mind. I f  t h e  
con t r ac to r  chooses S.M.A.W., t hen  he m u s t  a l s o  r e a l i z e  t h a t  low 

b hydrogen e l e c t r o d e s  m u s t  be u t i l i z e d  when welding on a  b r idge .  
T h i s  a l s o  means t h a t  he  m u s t  p r o v i d e  a p p r o p r i a t e  s t o r a g e  
f a c i l i t i e s  a s  o u t l i n e d  i n  Sec t ion  4 of AWS D 1 . l .  However, i f  he  
were t o  choose gas metal a r c  welding (G.M.A.W.) t h e n  low hydrogen 
e l e c t r o d e s  or  s t o r a g e  would n o t  be a  problem. This  would p r e s e n t  
a very d i f f e r e n t  s e t  of problems. Get t ing  equipment t o  t h e  weld 

B j o i n t ,  j o i n t  r o o t  acces ses  due t o  gas  cup i n t e r f e r e n c e ,  t h e  wind 
blowing sh i e ld ing  gas  from t h e  weld pool ,  and t h e  p o s s i b i l i t y  of 
not  being a b l e  t o  ob ta in  t h e  proper f i l l e r  metal t r a n s f e r  i . e ,  
s h o r t c u t ,  g lobu la r ,  o r  spray.  Theref o r e ,  a  l i t t l e  preplanning 
w i l l  p r e v e n t  p o s s i b l e  s e r i o u s  and e x p e n s i v e  p rob lems  when 
performing t h e  f i e l d  welding. 



There is t h e  p o s s i b i l i t y  of coming i n t o  t h e  s i t u a t i o n  of having a  
m a t e r i a l  t h a t  is n o t  considered p r e q u a l i f i e d  This  can p r e s e n t  a 
problem, p a r t i c u l a r l y  f o r  t h e  inexperienced c o n t r a c t o r .  This  is  
where a  l i t t l e  homework and p repa ra t ion  can r e a l l y  pay o f f .  The 
s t e p s  r e q u i r e d  f o r  pe r fo rming  a  p r o c e d u r e  q u a l i f i c a t i o n  a r e  
o u t l i n e d  i n  AWS D l . l  S t r u c t u r a l  Welding Code and/or a s  modified 
by AASHTO. 

There is one major o b s t a c l e  t h a t  m u s t  be overcome i n  prepar ing t o  
perform a  procedure  q u a l i f i c a t i o n ,  "where do I g e t  t h e  ma te r i a l  
t o  perform t h e  t e s t ? "  This  is where preplanning may r e a l l y  pay 
dividends.  I n  most br idge r e h a b i l i t a t i o n  p r o j e c t s ,  some s t e e l  
w i l l  need t o  be removed i n  o rde r  t o  rep lace  e x i s t i n g  members. 
T h e r e f o r e ,  i f  t h e  c o n t r a c t o r  w i l l  go ahead and p u t  i n  p l a c e  
jacking s t e e l  s o  t h a t  e x i s t i n g  members can be removed s a f e l y ,  t h e  
s t e e l  t h a t  was removed may be used t o  pe r fo rm t h e  p r o c e d u r e  
q u a l i f i c a t i o n ,  

The c o n t r a c t o r  w i l l  n e e d  t o  c o m p l e t e  a  w e l d i n g  p r o c e d u r e  
s p e c i f i c a t i o n  be fo re  doing any welding on t h e  test coupon. I t  is 
recommended t h a t  t he  welding engineer  be a c t i v e  i n  p a r t i c i p a t i n g  
i n  e i t h e r  t h e  w r i t i n g  of t h e  welding procedure s p e c i f i c a t i o n  o r  
a t  t h e  v e r y  l e a s t ,  a  rev iew b e f o r e  any weld ing  is per formed.  
T h i s  w i l l  h e l p  i n  t h e  p r e v e n t i o n  of c o s t l y  d e l a y s .  Also ,  
remember m a t e r i a l  t o  perform t h e s e  t e s t s  may be d i f f i c u l t  t o  come 
by. T h e r e f o r e ,  it i s  i m p e r a t i v e  t h a t  no m a t e r i a l  is w a s t e d  
because of a  poor ly  w r i t t e n  or  documented welding procedure.  

I f  t h e  s t e p s  o u t l i n e d  i n  t h e  c o d e s  a r e  f o l l o w e d ,  p r o c e d u r e  
q u a l i f i c a t i o n  can be performed with  l i t t l e  d i f f i c u l t y  and minimal 
expense. The key t o  succes s fu l  procedure q u a l i f i c a t i o n  is i n  
preplanning.  



IV. ANTICL PATE PROBLEMS 

During d e s i g n  and i n i t i a l  m a t e r i a l  t e s t i n g ,  t h e  d e s i g n e r  and  
welding eng inee r  u s u a l l y  develop a  f e e l  f o r  t h e  p r o j e c t  "weak 
p o i n t s " .  T h e s e  a r e  a r e a s  o f  t h e  p r o j e c t  t h a t ,  b a s e d  on  
exper ience,  may be d i f f i c u l t  t o  achieve accep tab le  welding. A 
good d e s i g n e r  is cognizant  of t he se  weak p o i n t s  a s  they  develop. 
T h e s e  weak p o i n t s  c a n  i n c l u d e  p e r f o r m i n g  t h e  a c t u a l  j o i n t  
p r e p a r a t i o n ,  t h e  weld ing  p r o c e s s  and r e s t r i c t i o n s  around t h e  
p o i n t  of w e l d i n g .  I t  is i m p o r t a n t  f o r  t h e  d e s i g n e r  t o  a s k  
h i m s e l f  t h e  q u e s t i o n ,  "Can t h i s  b e  p e r f o r m e d  i n  f i e l d  
condi t ions?"  

J o i n t  p r e p a r a t i o n  and f i t - u p  i s  e s s e n t i a l  t o  d e v e l o p  a  sound  
weld ,  however t h i s  can be  d i f f i c u l t  t o  a c h i e v e  i n  a  f i e l d  
s i t u a t i o n .  With t h e  c o r r o s i o n  of some members, v e r y  l i t t l e  
" c l e a n ,  w h i t e  metal" may e x i s t .  H o p e f u l l y  t h e  d e s i g n e r  h a s  
a n t i c i p a t e d  t h i s  s i t u a t i o n  i n  t h e  drawings, us ing  in format ion  
gathered d u r i n g  t h e  cond i t i on  survey. Fu r the r ,  j o i n t  p r e p a r a t i o n  
is d i f f i c u l t  wi th  e x i s t i n g  members s i n c e  t h e  member cannot be  
moved t o  g a i n  e q u i p m e n t  a c c e s s  f o r  b e v e l i n g  a n d  g r i n d i n g .  
However, code accep tab le  f i t - u p  is poss ib l e  i n  a lmost  a l l  cases .  

Once p r e p a r a t i o n  and f  i t -up  is completed, welding begins .  There  
a r e  a  h o s t  of s i t e  c o n d i t i o n s  t h a t  a r e  d e t r i m e n t a l  t o  f i e l d  
welding. Depending on t h e  c o n t r a c t o r ' s  p rocess ,  wind can blow 
s h i e l d i n g  gas  from t h e  intended a r e a ,  s t i c k  e l e c t r o d e s  may be t o o  
l a r g e  f o r  a d e q u a t e  p e n e t r a t i o n ,  low hydrogen e l e c t r o d e s  a r e  
t y p i c a l l y  a  poor pene t r a t i ng  e l e c t r o d e ,  GMAW o r  FCAW equipment 
may not  fit i n t o  r e s t r i c t e d  a r eas .  These a r e  j u s t  a  few of many 
examples where poor ly  engineered welding procedures could produce 
i n t e r n a l  d e f e c t s  o r  prevent  sound welding p r a c t i c e s .  

A p re -cons t ruc t ion  conference s p e c i f i c a l l y  t o  d i s c u s s  welding is 
o f t e n  a  major s t e p  i n  reducing and a n t i c i p a t i n g  t h e s e  problems. 
Wi th  t h e  d e s i g n e r ,  w e l d i n g  f o r e m e n  a n d  w e l d i n g  e n g i n e e r s  
t oge the r ,  a l l  t h r e e  p a r t s  of t h e  team can c o n s t r u c t i v e l y  d i s c u s s  
a n t i c i p a t e d  prob lems  and t o g e t h e r  i n  a  p o s i t i v e  a t m o s p h e r e  
develop c r e a t i v e  s o l u t i o n s  t o  seemingly d i f f i c u l t  problems. 



V. NON-DESTRUCTIVE TESTING (NDT) 

The p u r p o s e  o f  n o n - d e s t r u c t i v e  t e s t i n g  (NDT) i s  t o  d e t e c t  
i n t e r n a l  w e l d  d e f e c t s  and t o  d e t e r m i n e  t h e  i n t e g r i t y  of t h e  
depos i ted  weld. The des igner  is respons ib le  f o r  spec i fy ing  t h e  
NDT m e t h o d s  u t i l i z e d  on t h e  p r o j e c t ,  and  t h e i r  s p e c i f i c  
a p p l i c a t i o n  l o c a t i o n s .  However, when spec i fy ing  t h e  methods, t h e  
des igne r  should  consu l t  wi th  t h e  welding engineer  s o  t h a t  t h e  
code and AASHTO requirements a r e  f u l f i l l e d ,  and NDT methods a r e  
no t  i n c o r r e c t l y  s p e c i f i e d .  

During a l l  phases  of r e p a i r ,  f i t - u p ,  and welding, a  fu l l - t ime  CWI 
i n spec to r  should be p r e s e n t  a t  t h e  site. This i n s p e c t o r  p l ays  a  
key r o l e ,  a s s u r i n g  t h a t  t h e  we ld ing  p r o c e d u r e s  a r e  c o r r e c t l y  
appl ied .  He can a l s o  provide u p t o - d a t e  t echn ica l  in format ion  t o  
t h e  des igne r  o r  welding engineer  a s  t h e  p r o j e c t  p rogresses .  

Af t e r  welding,  NDT is performed. Of t h e  four  test  procedures  
o u t l i n e d  by AWS, u l t r a s o n i c  t e s t i n g  (UT) and dye p e n e t r a n t  (PT) 
a r e  u s u a l l y  t h e  mos t  p r a c t i c a l  t e s t  m e t h o d s  f o r  f i e l d  
u t i l i z a t i o n .  UT c a n  d e t e c t  s u b s u r f a c e  d e f e c t s  i n  f u l l  
p e n e t r a t i o n  groove welds, while PT is used t o  i d e n t i f y  s u r f a c e  
d e f e c t s  i n  f i l l e t  welds. Used c o r r e c t l y  by q u a l i f i e d  personnel  
i n  con junc t ion  with  fu l l - t ime  in spec t ion ,  code q u a l i t y  weldments 
can be r e a d i l y  achieved. 

Normally rad iographic  t e s t i n g  (RT) and magnetic p a r t i c l e  t e s t i n g  
(MT) a r e  n o t  performed i n  t h e  type of c o n d i t i o n s  encountered on 
in-place br idges .  RT involves  t h e  use  of r a d i o a c t i v e  m a t e r i a l s  
t h a t  emit gamma r a d i a t i o n .  During RT, t h i s  r a d i a t i o n  can r e q u i r e  
t h e  ba r r i cad ing  of waternays and nearby s t r e e t s ,  and temporary 
e v a c u a t i o n  of t h e  s i t e  d u r i n g  pgc;h t e s t .  Thus  RT m u s t  b e  
c a r e f u l l y  considered be fo re  it is s p e c i f i e d .  MT r e q u i r e s  t h e  u s e  
of l a r g e  e l e c t r i c a l  c u r r e n t  and very f i n e  dry powder. D u e  t o  
water  proximity,  high humidity and wind, and poor weld s u r f a c e s ,  
MT i s  g e n e r a l l y  n o t  p e r f o r m e d  f o r  s a f e t y  a n d  u s e f u l n e s s  
l i m i t a t i o n s .  



V I .  CONCLUSIONS 

From m a t e r i a l  i d e n t i f i c a t i o n  t o  nondestruct ive  t e s t i n g ,  f i e l d  
r e h a b i l i t a t i o n  p re sen t s  chal lenging,  but  surmountable problems. 
The key t o  t h e  prevent ion of c o s t l y  and embarrassing de l ays  is 
t h e  coope ra t ion  and communication of a l l  t h e  r e h a b i l i t a t i o n  team 
members. Some forethought  and planning w i l l  allow t h e  p r o j e c t  t o  
run smoothly and e f f i c i e n t l y .  The e n t i r e  system can and w i l l  
break down i f  key p layers  do n o t  func t ion  in  a  r e spons ib l e  and 
t i m e l y  manner.  I f  t h e  c o n c e p t s  d i s c u s s e d  i n  t h i s  p a p e r  a r e  
u t i l i z e d ,  t h e  f i e l d  welding w i l l  be brought t o  a workable and 
unders tandable  l e v e l .  


