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Subject: Welding Reinforcing S t e e l  f o r  Reinforced Concrete 

Welding of  r e in fo rc ing  bars  usua l ly  i s  not  necessary i n  SCS 
const ruct ion and genera l ly  should be avoided, unless  t h e  saving 
i n  o t h e r  const ruct ion c o s t s  i s  s u f f i c i e n t  t o  balance t h e  cos t  of  
t h e  con t ro l  t h a t  must be  exercised t o  i n s u r e  good welds. I f  a 
s u b s t a n t i a l  number of l a r g e  ba r s ,  1/11 o r  l a r g e r ,  a r e  t b  be 
sp l i ced  and t h e r e  i s  not  room f o r  t h e  required l a p  t o  develop 
t h e  bar  s t r eng th  i n  bond, welding may be necessary. However, i t  
usua l ly  i s  more economical, and b e t t e r  s t r u c t u r a l l y ,  t o  inc rease  
t h e  wall  th ickness  and use  smaller '  ba r s  which can be lapped. 
Therefore, genera l ly  speaking, t h e  use  of 811 o r  l a r g e r  ba r s  i s  
not  recommended. 

Tack welding of r e in fo rc ing  ba rs  i n  l i e u  of  wi re  ty ing t o  hold 
- / them i n  p lace  i s  not  permit ted by SCS standard spec i f i ca t ions .  

Bars can be s e r i o u s l y  weakened by tack welding. 

S t e e l  Composition 

The standard s p e c i f i c a t i o n s  f o r  r e in fo rc ing  ba rs  r e f e r r e d  t o  i n  
Mater ia l  Spec i f i ca t ion  539, (ASTN A 615, A 616, and A 617) a r e  
based on physica l  p r o p e r t i e s  and do n o t  spec i fy  t h e  chemical 
composition of t h e  s t e e l .  Since we ldab i l i ty  i s  dependent upon 
chemical composition, ba r s  may conform t o  these  s p e c i f i c a t i o n s  
y e t  not  be weldable. I f  bar  s p l i c e s  a r e  t o  be welded, Mater ia l  
Spec i f i ca t ion  539 s t i l l  app l i es ,  but the  cons t ruc t ion  d e t a i l s  
must spec i fy  i n  add i t ion  t h a t  t h e  bars  be of  weldable s t e e l .  
The con t rac to r  should be required t o  provide a c e r t i f i e d  copy of 
t h e  m i l l  t e s t  r epor t  showing t h e  a c t u a l  composition o f  t h e  s t e e l  
furnished.  

Table I shows t h e  i d e a l  range of  carbon and manganese i n  carbon 
s t e e l  f o r  good weldabi l i ty .  S t e e l s  i n  t h e  range ind ica ted  can 
be welded s a t i s f a c t o r i l y  without spec ia l  precautions.  Preheating,  
low-hydrogen e lec t rodes ,  o r  both, may be required t o  success fu l ly  
arc-weld steel conta in ing more than 0.30 percent  carbon o r  more 
than 0.60 percent  manganese. Oxyacetylene welding can be used 
f o r  s t e e l s  wi th  somewhat higher carbon and manganese contents .  
Thennit welding can be used f o r  s t e e l  having up t o  0.80 percent  
carbon and 1.30 percent  manganese. 

*by A. S. Payne, Ass i s t an t  Chief, Design Branch 



Table I - Chemical Analysis  of Carbon S t e e l  
f o r  Good Weldab i l i t y  

Element 

Carbon 

Manganese 

Range, % 

.06 - .30 

.35 - .60 
S i l i c o n  .10 max. 

Sulphur  .035 max. 

Phosphorus .030 max. 

Welding Rods 

S p e c i f i c a t i o n s  f o r  arc-welding e l e c t r o d e s  and d e s c r i p t i o n s  of  
t h e  v a r i o u s  c l a s s e s  and t h e i r  intended uses  a r e  g iven  i n  AWS 
A5.1, "Spec i f i ca t ion  f o r  Mild S t e e l  Covered Arc-Welding 
Elec t rodes"  of t h e  American Welding S o c i e t y  (ASTM Des ignat ion  : 
A233). S i m i l a r  in format ion  f o r  gas-welding rods  is  g iven  i n  
AWS A5.2, " S p e c i f i c a t i o n  f o r  I r o n  and S t e e l  Gas-Welding Rods," 
(ASTM Designat ion : AZ5l). 

Welding Methods 

The most common method of f i e l d  welding is t h e  s h i e l d e d  meta l -a rc  
method i n  which h e a t  t o  f u s e  t h e  metal  i s  genera ted  by an e l e c t r i c  
a r c  between t h e  welding rod o r  e l e c t r o d e  and t h e  meta l  being 
welded. The e l e c t r o d e  is  a consumable meta l  rod coa ted  wi th  a  
m a t e r i a l  t h a t  g ives  o f f  an i n e r t  gas t o  prevent  contaminat ion of  
t h e  molten metal  by the  atmosphere. 

Oxyacetylene gas welding, i n  which t h e  welding h e a t  is obta ined  
by burning a mixture of ace ty l ene  and oxygen, a l s o  is  used but  
i s  s lower than  e l e c t r i c - a r c  welding. 

Both o f  t h e s e  methods, performed b y u a l i f j e d  welders ,  can  produce 
welds of h igh  q u a l i t y  i n  s t e e l s  t h a t  a r e  s u i t a b l e  f o r  welding. 

Thermit welding is  a  process  i n  which t h e  welding h e a t  is  
genera ted  by burning "thermit"  powder. The e s s e n t i a l  i n g r e d i e n t s  
of the  powder a r e  aluminum, i r o n  oxide ,  and an  i g n i t i n g  agent  
which r e a c t  a t  h igh  temperature t o  produce molten s t e e l  and 
alumina s l a g .  Oxides of o t h e r  e lements  a r e  added t o  g i v e  t h e  
r e s u l t i q g  weld metal  t he  d e s i r e d  p r o p e r t i e s .  I n  welding 
r e i n f o r c i n g  bars  by t h i s  process ,  t h e  bars  a r e  clamped i n  p o s i -  
t i o n  i n  a mold t o  which is a t t ached  a  c r u c i b l e  con ta in ing  t h e  
t h e r m i t  powder. When t h e  powder i s  i g n i t e d ,  t h e  molten weld 
metal  flows i n t o  the  mold and between t h e  ends of the  ba r s .  The 
ba r s  and t h e  weld meta l  a r e  fused t o g e t h e r .  The process  produces 
welds of good q u a l i t y  and can be used on s t e e l s  t h a t  a r e  hard t o  
weld by o t h e r  methods. 
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The the rmi t  process  can  pose  a s e r i o u s  f i r e  hazard i f  n o t  
handled c a r e f u l l y .  The molds and t h e  powder must be  p r o t e c t e d  
from mois ture ,  and t h e  b a r  ends must be  c l ean .  

A pa ten ted  p roces s  s i m i l a r  t o  t he rmi t  welding i s  "Cadweld" r e b a r  
s p l i c i n g  i n  which a meta l  s l e e v e  i s  placed around t h e  a b u t t i n g  b a r  
ends and molten meta l  i s  c a s t  i n t o  t h e  space  between t h e  s l e e v e  and 
t h e  bars .  The b a r s  a r e  n o t  fused ,  however, so  t h i s  i s  n o t  a welded 
s p l i c e  but  depends upon mechanical i n t e r l o c k i n g  o f  t h e  c a s t  meta l  
w i t h  t h e  deformations on t h e  b a r s  and wi th  grooves on t h e  i n s i d e  o f  
t h e  s l eeve .  

S p l i c e  Design 

The fo l lowing  p rov i s ions  r e l a t i n g  t o  welded s p l i c e s  i n  c o n c r e t e  
reinforcement  a r e  conta ined  i n  t h e  A C I  s tandard  "Building Code 
Requirements f o r  Reinforced Concrete" (ACI 318-63), s e c t i o n  805. 

1. S p l i c e s  i n  reinforcement  i n  which t h e  c r i t i c a l  d e s i ~  
s t r e s s  i s  t e n s i l e  - 

"Lapped s p l i c e s  i n  t e n s i o n  s h a l l  no t  be used f o r  b a r  
s i z e s  l a r g e r  t han  811." 

"Sp l i ce s  a t  p o i n t s  of  maximum t e n s i l e  s t r e s s  s h a l l  be 
avoided wherever p o s s i b l e ;  such s p l i c e s  where used s h a l l  
be  welded, lapped,  o r  o the rwi se  f u l l y  developed." 

2. S p l i c e s  i n  reinforcement  i n  which t h e  c r i t i c a l  des ign  
s t r e s s  i s  compressive - 

"Welded s p l i c e s  o r  o t h e r  p o s i t i v e  connect ions may be  used 
i n s t e a d  o f  lapped s p l i c e s .  Where t h e  b a r  s i z e  exceeds 1/11, 
welded s p l i c e s  o r  o t h e r  p o s i t i v e  connect ions s h a l l  p r e f e r a b l y  
be used. I n  ba r s  r equ i r ed  f o r  compression o n l y , t h e  
compressive s t r e s s  may be  t r ansmi t t ed  by bea r ing  o f  square-  
c u t  ends he ld  i n  c o n c e n t r i c  c o n t a c t  by a s u i t a b l y  welded 
s l e e v e  o r  mechanical device."  

3. "An approved welded s p l i c e  i s  one i n  which t h e  b a r s  a r e  bu t t ed  
and welded so  t h a t  i t  w i l l  develop i n  t e n s i o n  a t  l e a s t  125 pe rcen t  
of t h e  s p e c i f i e d  y i e l d  s t r e n g t h  of  t h e  r e i n f o r c i n g  bar.'! 

4. Welding s h a l l  conform t o  AWS D 12.1, "Recormended P r a c t i c e s  
f o r  Welding Reinforc ing  S t e e l ,  Metal I n s e r t s  and Connections i n  
Reinforced Concrete  Construct ion."  

D e t a i l s  o f  s e v e r a l  types  of welded s p l i c e  a r e  shown i n  F igu re  1. Welded 
l a p  s p l i c e s  should no t  be used because of  t h e  e c c e n t r i c i t y  o f  load t r a n s f e r  
through them and t h e  r e s u l t i n g  tendency t o  r u p t u r e  t h e  conc re t e .  Double 
l a p  s p l i c e s  such a s  i l l u s t r a t e d  i n  F i g u r e  1 may be used f o r  small  b a r s  i n  
t e n s i o n  o r  compression. The s l e e v e  s p l i c e  i l l u s t r a t e d  i n  F igure  1 i s  
designed f o r  column b a r s  i n  compression. Butt  s p l i c e s  a r e  good f o r  
e i t h e r  t e n s i o n  o r  compression. 
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F i g .  1 - Welded Spl ices  for Reinforcing Stee l  



Welding Procedures  

Welding procedures should be s p e c i f i e d  i n  t h e  c o n s t r u c t i o n  
d e t a i l s .  They w i l l  depend upon t h e  kind of s p l i c e ,  t h e  s i z e  o f  
t h e  ba r s ,  t h e  composition of  t h e  s t e e l ,  t h e  p o s i t i o n  and 
a c c e s s i b i l i t y  of  t h e  welds,  t he  atmospheric  temperature,  and 
o t h e r  f a c t o r s .  

Procedures and workmanship should conform t o  S e c t i o n  4 of 
AWS D 12.1, "Welding Reinforc ing  S t e e l ,  Metal I n s e r t s  and 
Connections i n  Reinforced Concrete Construct ion" and S e c t i o n  4 
of  AWS D 2.0, "Spec i f i ca t ions  Lcor Welded Highway and Railway 
Bridges . 
I f  t he rmi t  welding i s  t o  be used,  procedures should conform 
t o  recommendations of t h e  manufacturer of  t h e  m a t e r i a l s .  The 
the rmi t  powder must be of a composition t h a t  w i l l  produce weld 
metal of  s t r e n g t h  and d u c t i l i t y  comparable w i th  t h a t  of t h e  
bars  being s p l i c e d ,  and t h e  q u a n t i t y  used must be s u f f i c i e n t  
t o  f i l l  t h e  s p l i c e  mold and f u s e  t h e  ends o f  t h e  bars .  

Q u a l i f i c a t i o n  of Welders 

S ince  t h e  q u a l i t y  of each weld depends upon t h e  exper ience  and 
s k i l l  of t h e  welder ,  on ly  welders  who have been q u a l i f i e d  by 
t e s t s  a s  p re sc r ibed  i n  t h e  "Standard Q u a l i f i c a t i o n  Procedure" 
(AWS B 3.0) of  t h e  American Welding soc i e ty1  should be permi t ted  
t o  weld r e i n f o r c i n g  bars .  The c o n t r a c t o r  shou ld .be  r e q u i r e d  t o  
c e r t i f y  t h a t  each welder is  c u r r e n t l y  q u a l i f i e d  accord ing  t o  
t h e  "Standard Q u a l i f i c a t i o n  Procedure1' and t o  f u r n i s h  t h e  d a t e s  
and r e s u l t s  of h i s  q u a l i f i c a t i o n  t e s t s .  

I n s p e c t i o n  

The bars  t o  be welded and t h e  weld m a t e r i a l s  t o  be used should  
be in spec t ed  f o r  comformance t o  t h e  s p e c i f i c a t i o n s .  S p l i c e  
assembl ies  should be inspec ted  p r i o r  t o  welding, f o r  proper  
alignment and spac ing  of t h e  p a r t s ,  proper  groove o r  beve l  
ang le s ,  and freedom from loose  s c a l e ,  s l a g ,  r u s t ,  g r ease ,  
mois ture ,  and o t h e r  contaminants.  

The welding process  should be observed p e r i o d i c a l l y  by an  
experienced i n s p e c t o r  t o  i n s u r e  t h a t  t h e  s p e c i f i e d  procedures  
a r e  being followed and a r e  producing good welds. Depos l t i on  o f  
t h e  weld meta l  should be observed, u s i n g  a  we lde r ' s  mask. 

' ~ ~ ~ l i c a b l e  po r t ions  of  t h e  "Standard Q u a l i f i c a t i o n  Procedure" 
a r e  g iven  i n  Appendix A o f  AWS D 2.0, " S p e c i f i c a t i o n  f o r  Welded 
Highway and Railway Bridges." 



Each completed weld should be inspec ted  v i s u a l l y  f o r  c r acks  
i n  t h e  weld o r  base metal ,  f o r  inadequate  s i z e ,  unde rcu t t i ng ,  
o r  o t h e r  v i s i b l e  d e f e c t s .  A l l  s l a g  must be c leaned  from t h e  
s u r f a c e  of  t he  weld and surrounding meta l  be fo re  t h e  weld can 
be in spec t ed  adequately.  Any weld i n  which a  c r ack  is  
apparent  must be completely removed and rewelded. Undercut t ing  
t h a t  reduces t h e  s t r e n g t h  of t h e  ba r  ad j acen t  t o  t h e  weld must 
be r e p a i r e d  by c l ean ing  and adding more weld metal.  
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