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1. I n t roduc t ion 

The "a im of th is d o c u m e n t is to p r e s e n t the 
typ ica l f e a t u r e s of welding in t h e f ie ld of c o n c r e t e 
r e i n f o r c i n g s t e e l s and to ass is t in the d e f i n i t i o n 
of we idab le r e i n f o r c e m e n t s . 

In th is c o n n e c t i o n , the app l i cab le welding 
p r o c e s s e s a r e r ev i ewed and their possible e f f e c t s 
on the s t e e l p r o p e r t i e s a r e p r e s e n t e d . The c o n c e p t 
of we ldab i l i t y is d iscussed on this bas is and 
as a f u n c t i o n , among o t h e r th ings , of t h e r e q u i r e -
m e n t s a welded connec t ion should f u l f i l . F ina l ly , 
t h e ques t ion of l i m i t a t i o n s on t h e c h e m i c a l c o m -
posi t iqn of t h e s t e e l is a p p r o a c h e d and ana lysed . 

2. The c o n c r e t e r e i n f o r c e m e n t s 

The p r o p e r t i e s of the r e i n f o r c e m e n t s a r e 
cod i f i ed in s p e c i f i c s t a n d a r d s . 

Besides low yield s t r e s s (±200 MPa) plain 
r e i n f o r c e m e n t s , which a r e sti l l used as auxi l ia ry 
a r m a t u r e s , such as s t i r rups , m o s t of the s t e e l s 
p r e s e n t l y p roduced a r e high s t r e n g t h bars or 
wi res whose s u r f a c e shows lugs or p ro fu s ions 
( d e f o r m a t i o n s ) to improve t h e bond s t r e n g t h 
wi th c o n c r e t e . Depending on the s t a n d a r d cons i -
d e r e d , t h e g u a r a n t e e d yield s t r e s s mos t ly r a n g e s 
b e t w e e n 400 and • 500 M P a . In s o m e cases , th is 
r a n g e may e x t e n d down to 350 MPa or up to 
600 MPa . 

G e n e r a l l y , t he s t e e l g r ade is d e s i g n a t e d by 
the nomina l yield s t r e s s . 

The r e q u i r e d yield s t r e s s level m a y be 
ach i eved th rough d i f f e r e n t f a b r i c a t i o n p r o c e s s e s 
such as : 

hot rol l ing of s na tu r a l l y ha rd s t e e l ( e i t he r 
high ca rbon s t e e l or low ca rbon mic roa l l oyed 
s tee l ) ; 
hot rol l ing of low c a r b o n s t e e l fo l lowed by 
a quench ing and self t e m p e r i n g t r e a t m e n t ; 
cold working of low ca rbon s t e e l ( twi s t ing , 
s t r e t c h i n g or drawing) . 

3. Welding in r e i n f o r c e d c o n c r e t e c o n s t r u c t i o n 

R e i n f o r c e d c o n c r e t e c o n s t r u c t i o n p lays an 
i m p o r t a n t p a r t in civil eng inee r ing and bui lding 
due to t h e f a c t t h a t t h e c o m b i n a t i o n of c o n c r e t e 
and s t e e l p roduces good p r o p e r t i e s in building 
m a t e r i a l s . 

H o w e v e r , whi le it is possible to f o r m c o n c r e t e 
into a l m o s t any shape during its s t a t e of workab i -
l i ty, t h e r e i n f o r c e m e n t is suppl ied as ba r s , r e e l s 
or m e s h - t y p e f o r m a t i o n s . For t h a t r e a s o n , t h e 
r e i n f o r c e m e n t e l e m e n t s mus t be a d j u s t e d to t h e 
shape of t h e ' p r e f a b r i c a t e d p a r t s . T h e r e f o r e , p ro-
cesses a r e r e q u i r e d which will provide t h e op t i -
mum m e t h o d s of a d a p t i n g the r e i n f o r c e m e n t 
to t h e shape of t h e p r e f a b r i c a t e d p a r t and to t h e 
r equ i r ed s t r a i n s . Moreove r , t h e r e i n f o r c e m e n t 
is f r e q u e n t l y f a b r i c a t e d a t t h e bending p lan t 
r a t h e r than t h e building s i t e . In t h e s e ca se s it 
is n e c e s s a r y to e n s u r e t h a t t h e r e i n f o r c e m e n t 
r e m a i n s in t h e c o r r e c t a r r a n g e m e n t during t r a n s -
p o r t a t i o n and laying, and - t h a t the individual 
e l e m e n t s a r e p l aced e x a c t l y in t h e p lanned 
pos i t i on . This f a c t impl ies a s s emb l i e s of r e i n f o r c e -
m e n t s . Even i f , for i n s t a n c e , t ie ing is a possible 
solut ion to join cross ing bars , in many cases , 
howeve r , welding may be a p r e f e r r e d t e c h n i g u e 
s ince it p rov ides an improved r ig id i ty for a 
c o m p a r a b l e o p e r a t i n g t i m e . Moreove r , fo r o'ther 
t ypes of bonds, welding is t h e only so lu t i on . 

This exp la ins the inc reas ing i n t e r e s t of many 
users for we idab le high s t r e n g t h b a r s . 

Welding of r e i n f o r c e m e n t s involves s eve ra l 
types of jo in t s and p r o c e s s e s . Among the mos t 
usual may be m e n t i o n e d : b u t t , o v e r l a p and 
c r u c i f o r m weld and , as r e g a r d s p roces se s , manua l 
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m e t a l a r c welding (MMAW), gas m e t a l a r c welding 
(GMAW), r e s i s t a n c e weld ing , f l a sh welding and 
gas p r e s s u r e we ld ing . Table 1 gives d i f f e r e n t 
poss ible c o m b i n a t i o n s of g e o m e t r i e s and p roces se s , 
whi le F i g . 1 shows s o m e typ ica l types of welded 
c o n n e c t i o n s . 

Bu t t and o v e r l a p bonds a r e n e c e s s a r y to 
join end to end ba r s of i n s u f f i c i e n t l eng th and 
c r u c i f o r m welds a re used for m e s h e s . 

Welded a s semb l i e s may also be c l a s s i f i ed 
in two types : 

Load bea r ing we lded a s sembl i e s , which can 
be t a k e n into a c c o u n t for c a l c u l a t i o n purposes 
by assuming a c e r t a i n r e s i s t a n c e of t h e 
welded c o n n e c t i o n . 
Non- load bea r ing a s sembl i e s ( t ack welded 
assembl ies ) : by t a c k i n g , t h e c o m p o n e n t s 
of a r e i n f o r c i n g sy s t em a re s a f e g u a r d e d 
aga ins t m o v e m e n t . The l oad -bea r ing c a p a c i t y 
of such we lded a s s e m b l i e s mus t not be 
t a k e n into a c c o u n t for c a l c u l a t i o n purpose 

Welding of r e i n f o r c e m e n t c a n be p e r f o r m e d 
e i t h e r on si^e or in s p e c i a l i z e d workshops . In 
the f o r m e r c a s e , r a in , cold and o t h e r f o r m s of 
bad w e a t h e r a re p a r a m e t e r s which can be u n f a -
vourab le bu t which it is d i f f i c u l t to avo id . As 
f a r as workshops a re c o n c e r n e d , the p rob lems 
are d i f f e r e n t . Qua l i t y con t ro l can be appl ied 
and welding o p e r a t i o n s c a n be p e r f o r m e d in 
b e t t e r cond i t ions : on the o t h e r hand , the p rob-
l e m s of p r o d u c t i v i t y and e c o n o m i c s m u s t be 
c o n s i d e r e d . 

T a b l e 1 

C o m b i n a t i o n s of t y p e s of jo in ts and welding 
p rocesses for r e i n f o r c e m e n t s 

Welding p r o c e s s Type of jo int 

Bu t t Over l ap C r u c i f o r m 
weld weld weld 

Arc welding 
Manual 

Gas sh ie ided /MIG 

R e s i s t a n c e welding 

Flash weld ing 

Gas .pressure 
welding 

Welding at high r a t e s and under s e v e r e con-
di t ions r e q u i r e s t h e use of su i t ab l e s t e e l s fo r 
the app l i ca t ions in ques t ion . 

4 . P r o c e s s used fo r t h e weld ing of r e i n f o r c e -
m e n t s 

4.1 Manual m e t a l a r c welding (MMAW) : 

This p rocess can be appl ied to t h e f a b r i c a -
t ion of both load bea r ing and non- load bear ing 
j o i n t s for o n r s i t e as well as for l imi t ed s e r i e s 
in workshops . 

E l e c t r o d e s wi th r u t i l e or basic coa t i ngs a r e 
genera l ly used . The type of e l e c t r o d e is s e l e c t e d 
accord ing to t h e r e s i s t a n c e of the depos i t ed 
m e t a l and to the s t r e n g t h r e q u i r e d for the c o n n e c -
t ion . 

The d i a m e t e r of the e l e c t r o d e s depends oh 
the type o + joint and on t h e d i a m e t e r of the 
a s sembled r e i n f o r c e m e n t s . The weld c u r r e n t 
is s e l e c t e d (AC- or D C - p o l a r i t y ) and ad jus t ed 
accord ing to the va lue s p e c i f i e d by the f a b r i c a n t . 

4 .2 Gas m e t a l a rc welding (GMAW) : 

B e c a u s e of the a u t o m a t i c f e e d i n g of t h e 
wfeld wire , th is p roces s is su i ted for long se r i e s 
of welds m a d e in workshops . Qn s i t e , it is adv i -
sable to ensu re t h a t wind does not impai r the 
gaseous p r o t e c t i o n , mos t ly provided by ca rbon 
dioxide or by a mixed gas such as CO2 Ar . 

The weld g e n e r a t o r s supply a d i r e c t c u r r e n t 
under a c o n s t a n t vo l t age and the weld w i r e is 
c o n n e c t e d to the pos i t ive po le . 

This p r o c e s s may be used for the f a b r i c a t i o n 
of load bea r ing and non,-load bea r ing w e l d m e n t s 
of d i f f e r e n t t y p e s . The a c h i e v e m e n t of c r u c i f o r m 
welds may be f a c i l i t a t e d by, t;he use of a dev ice 
cont ro l l ing the weld t i m s . 

T'he d i a m e t e r of the e l e c t r o d e wire is g e n e -
ra l ly b e t w e e n 0.6 and 1.2 m m . Flux cored e l ec -
t rode wi res may also be used . 

I m p o r t a n t s e t t i n g p a r a m e t e r s in th is p rocess 
a re : 

weld vo l t age ; 
weld c u r r e n t , which is l inked to the wi re 
f e e d speed ; 
weld t i m e ; 
shie lding gas f low r a t e . 

These p a r a m e t e r s a r e Se lec ted acco rd ing 
to the assembly to be welded ( type of weld 
and d i a m e t e r s of the r e i n f o r c e m e n t s ) and possibly 

* * * 

* * * 

* 

* 

* 
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according to the environmental conditions (for 
instance, increase of the gas flow r a t e in case 
of a slight wind when welding on si te) . 

4.3 Resis tance welding : 

This process is used for the fabr ica t ion of 
c ruc i form welds in workshops. The r e in fo rcemen t s 
to be joined are c lamped between two e lec t rodes 
in alloyed copper . The fusion of the meta l is 
pe r formed in Joule e f f e c t . 

The main pa rame te r s of this process are : 

the e lec t rode force , which has to be su f f i -
cient to minimize the con t ac t r es i s t ance 
be tween the e lec t rodes and the r e in fo rce -
ments and to prevent the project ions of 
molten me ta l ; 
the sqeeze t ime , which allows an adequa te 
positioning of the r e in fo rcemen t before the 
current flow ; 
the weld cur ren t and the weld t ime, which 
condition the amount of heat genera ted ; 
the hold t ime during which the e lec t rode 
fo rce is held so as to compensa te the shrin-
kage of the weld meta l a f t e r the current 
f low. 

X 

u a r 

X tomt Owntrfn 
en X 

Half sneu/0|m. 
coquille 

t-Bun conneclions/flssemDioges Doul a Doul 

Off 

Eicentnc/Ecentre 

| CHeaap connectons/AswmDiaqe* $ recowvrement 

|_C/uCitorni wetos/Souaures en co i l 

Fig.1 D i f f e r en t types of welded joint 

The d i f f e r en t se t t ings of these pa rame te r s 
depend upon the d iamete rs of the welded re in for -
c e m e n t s . 

Mention should be made of special welding 
machines which are suited to per form preheat ing 
or postheat ing t r e a t m e n t s which can be necessary 
for the assembling of cer ta in s tee l s . 

A prac t ica l means of quickly checking the 
resul t s of the welding operat ion is to check the 
re la t ive pene t ra t ion of the assembled r e in fo rce -
ments which can be measured by the d i f f e r ence 
be tween the thickness of the crosspiece before 
and a f t e r welding (Fig. 2). 

4.4 Flash welding s 

Th is process is used for load bearing but t 
joints on bars of equal or nearly equal d iamete rs 
only and is pe r fo rmed on s ta t ionary welding 
machines. The bars to be welded are clamped 
be tween copper e lec t rodes . The clamping fo rce 
must be su f f i c ien t to avoid sliding of the bars 
during the upset opera t ion . The pa r ame te r s of 
this welding process are : 

e lec t r ica l capaci ty of the machine ; 
initial d is tance be tween the e lec t rode ends ; 
f lashing distance during which expulsion of 
molten meta l occurs ; 
upset d is tance and upset fo rce ; 
the welding t ime which is the t ime between 

m i 

Penetration . /;, \h2 -h 

Fig. 2. Measurement of the penetration in cruciform welds 

switching on the welding current and the 
end of upse t . 

Depending on the s teels to be assembled, 
the preheat ing t r e a t m e n t may be applied with 
the machine so as to decrease the cooling speed 
a f t e r welding. 

4.5 Gas pressure welding : 

Gas pressure welding is used for the f ab r i ca -
tion of load bearing but t joints . Heat ing is 
by the combustion of a gas. 

The se t t ing up data are : the burner width, 
the pressure of fue l gas and oxygen, the separa-
tion of the bar ends prior to heat ing , the heat ing 
t ime, the upset f o r c e . 

4.6 Thermit welding (T.W.) : 

With this process, the weld hea t input is 
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deve loped t h a n k s to a -h ighly e x o t h e r m i c c h e m i c a l 
r e a c t i o n b e t w e e n a lumin ium and iron oxide : 
F e 2 Q 3 + 2 A l = 2Fe + A 1 2 0 3 + h e a t . 

This p r o c e s s is appl ied fo r t h e b u t t jo in t ing 
of r e i n f o r c e m e n t s . The e x t r e m i t i e s of t h e bars 
to be a s sembled a r e pos i t ioned a c c o r d i n g to a 
given spac ing in a mould m a d e of s and . The 
mould is f i t t e d wi th a spec ia l o r i f i c e so as to 
allow p r e h e a t i n g of the bar ends . C o m b u s t i o n 

the a lumin ium powder - i ron ox ide m i x t u r e 
is i n i t i a t e d and t h e l iquid iron p e r f o r m s the 
we ld . This p roces s involves a high h e a t input . 

The weld ing p r o c e d u r e s 

The c h o i c e of the welding p r o c e d u r e s to 
be appl ied is d e p e n d e n t on s eve ra l f a c t o r s such 
as t h e t y p e of joint to be m a d e and i t s f u n c t i o n , 
t h e s e l e c t e d welding p rocess , weld ing e q u i p m e n t 
and weld f i l le r meta l , - t h e t y p e of r e i n f o r c i n g 
s t e e l s to be welded and also t h e t e s t s and c r i t e r i a 
to e v a l u a t e t h s weld q u a l i t y . 

Wholly or p a r t l y , t h e s e f a c t o r s may vary to 
a g r e a t e x t e n t f r o m o n e coun t ry to ano the r and 
give n e v e r t h e l e s s s a t i s f a c t o r y r e s u l t s b e c a u s e 
t h e r e c o m m e n d e d p r o c e d u r e s laid down in each 
a r ea of t h e world a re the f r u i t of a we l l -p roven 
e x p e r i e n c e . 

It is t h e r e f o r e ou t of the scope of th i s docu-
m e n t to s t a t e s t r i n g e n t ru les conce rn ing the 
welding of r e i n f o r c e m e n t s . Some gene ra l r e c o -
m m e n d a t i o n s will r a t h e r be p roposed . 

Only w e l d e r s who have been t r a i n e d in 
the welding of r e i n f o r c i n g s t e e l s should be 
e m p l o y e d . They should be t e s t e d fo r the p a r t i c u -
lar welding p r o c e s s involved. 

Welding r e i n f o r c i n g s t e e l s for c o n c r e t e c o m -
ponen t s impl ies t h e neces s i t y of the use of ade-
q u a t e e q u i p m e n t and check ing per iod ica l ly t h a t 
th is e q u i p m e n t is working p r o p e r l y . The weld ing 
consumab le s have also to be s t o r e d under envi ron-
m e n t a l condi t ions c o m p a t i b l e wi th t h e ind ica t ions 
r e c o m m e n d e d by t h e m a n u f a c t u r e r s . 

S u r f a c e s to be welded shall be f r e e f r o m 
d e f e c t s which would adverse ly a f f e c t t h e qua l i ty 
of s t r e n g t h of t h e we ld . They should also be 
f r e e f r o m loose of th ick s c a l e and r u s t t h a t 
would p r e v e n t proper we ld ing . Adhe ren t mill 
s ca le or a thin layer of r u s t may genera l ly r e m a i n . 
With r e g a r d to r equ i r ing a g roove , the ends of 
the r e i n f o r c i n g s tee l s ' mus t be shaped to the 
p rope r g e o m e t r y , for i n s t a n c e by sawing or grin-
ding. For f lash b u t t and gas p re s su re weldings , 
t h e b a r s to be a s s e m b l e d may be c u t o f f by 
m e a n s of a .guil lot ine, a s aw or a w h e e l . When 

using a gu i l lo t ine , c a r e should be t a k e n to avoid 
bending d i s to r t ion of t h e c u t ends . C o n c e n t r i c 
a l ignment of t h e bar ends prior and dur ing w e l 1 

ding is n e c e s s a r y . As a ru le for any welding 
process and any jo in t , t he b a r s to be a s s e m b l e d 
should be p roper ly pos i t ioned dur ing we ld ing . 
The qual i ty of t h e welds should be c h e c k e d by 
a p p r o p r i a t e m e a n s per iod ica l ly dur ing f a b r i c a t i o n . 

6 . The c o n c e p t of we ldab i l i t y 

A welding o p e r a t i o n ' r e s u l t s in a c h a n g e of the 
m e t a l m i c r o s t r u c t u r e , the e x t e n t of which depends 
on the s t ee l g r ade and the h e a t i npu t . G e n e r a l l y , 
t he p a r e n t m e t a l p r o p e r t i e s a re mod i f i ed in 
a smal l a r e a ca l l ed the h e a t a f f e c t e d zone . 
Beyond this zone , an evo lu t ion of t h e p r o p e r t i e s 
can also be o b s e r v e d , due for e x a m p l e to a 
m e t a l l i c gra in r e f i n e m e n t , to age ing p h e n o m e n a 
or m o r e s imply to the re l ie f of p r e - e x i s t i n g -
s t r e s s e s . 

According to the joint g e o m e t r y and t h e 
h e a t input , t he weld t h e r m a l c y c l e s c a n be c o m -
ple te ly d i f f e r e n t . In o rder to c l a r i f y t h e ideas , 
two types of a s sembl i e s will be cons ide red in t h e 
f i r s t a p p r o a c h : c r u c i f o r m welds and f lash b u t t 
we lds . 

In c r u c i f o r m jo in ts , only a smal l a m o u n t of 
m e t a l is m e l t e d . Welding t i m e is gene ra l l y very-
shor t : a f ew seconds for m a n u a l or gas weld ing , 
a f r a c t i o n of a second fo r r e s i s t a n c e we ld ing . 
As a r e s u l t hea t f l ows very quickly and, in 
mos t c a s e s , i ndependen t ly of the d imens ions of t h e 
a s sembled b a r s . The s t e e l near t h e weld is 
s u b m i t t e d to a p ronounced quench ing t r e a t m e n t . 
Cool ing t i m e s b e t w e e n 800° and 500° a re c lose 
to one second or less . In t h e cond i t ions , b r i t t l e 
m i c r o s t r u c t u r e s can a p p e a r . 

The f lash b u t t welding p r o c e s s is qu i t e d i f f e -
r e n t . In t h e s e welds , a l a rge r zone of m e t a l 
is h e a t e d . P r e h e a t i n g c a n be p e r f o r m e d b e f o r e 
weld ing and t h e e l e c t r i c a l c u r r e n t can be m a i n t a i -
ned during the upse t p h a s e . H e a t is d i s t r i bu t ed 
over the whole s e c t i o n of t h e b a r s . The t h e r m a l 
g r a d i e n t s a r e less ab rup t t h a n in c r u c i f o r m welding 
s ince o p e r a t i n g t i m e s can r e a c h ten or t w e n t y 
s econds . Cool ing t i m e s a r e consequen t ly s lower 
and b r i t t l e s t r u c t u r e s a r e gene ra l ly avo ided . 

It can t h e r e f o r e be s t a t e d t h a t the welding 
of r e i n f o r c e m e n t s ' m a y be divided into "cold 
weld ing" which m e a n s a low h e a t inpu t , and 
"hot welding" when t h e h e a t input is r a t h e r high 
This d i s t inc t ion m a y seem s o m e w h a t a r b i t r a r y 
b e c a u s e , for e ach welding p r o c e s s , it is as a ru le 
possible to vary t h e welding p a r a m e t e r s and thus 
to c ross t h e b o r d e r . H o w e v e r , th is c o n c e p t can 
help us to u n d e r s t a n d t h e p r o b l e m s l iable to 
appear dur ing weld ing . 
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On this basis, the production of "sound welds" 
can be envisaged in two ways : 

e i ther with r e f e r ence to the s teel , which 
means tha t welding is per formed under ra ther 
severe conditions but on a s tee l with a low 
sensit ivity to these phenomena ; 
or with r e f e r e n c e to the welding procedure , 
which means that joining is carried out 
under se lec ted conditions specially chosen 
to minimize the e f f e c t s of "cold welding" 
or "hot welding". 

Consequent ly , weldabil i ty is a compl ica ted 
m a t t e r which, depends simultaneously on the 
steel p roper t ies , on the welding process and 
procedures and on the requ i rements the welded 
joint is expec ted to s a t i s f y . 

The weldabil i ty is assessed on the basis of 
mechanical t e s t s on welded jo in ts . Thus, the 
f i r s t s tep is to choose the tes t s and the c r i t e r i a . 
To do so, it is necessary : 

to def ine which proper t ies (and a t what level) 
a r e i n f o r c e m e n t should display so as to 
ensure s a t i s f ac to ry behaviour during the 
prepara t ion of the a r m a t u r e , during the 
e rec t ion of the re inforced concre te s t r u c t u r e 
and during the l ife of the const ruct ion ; 
to se lec t among the proper t ies those which 
can be inf luenced by the combined e f f e c t s 
of the welding opera t ion and of the s tee l 
quali ty ; 
to adopt mechanica l t e s t s to eva lua te these 
proper t ies in an ob jec t ive and rea l i s t ic 
manner ; 
to lay down a c c e p t a n c e c r i t e r i a according 
to the level required for the proper t ies 
considered and possibly of a s a f e t y f a c t o r . 

In the case of r e i n f o r c e m e n t s it is generally 
admi t t ed tha t two proper t ies are impor tant 
for welded connect ions : s t r eng th and duct i l i ty . 

6.1 Mechanical t e s t s on welded connect ions : 

6.1.1 Shear tes t : A f i rs t tes t can be used in 
the par t icu lar case in order to measure the s t r -
ength of the connect ion be tween the two bars . 
This t e s t is known as the shear tes t (Fig. 3). 
One of the welded bars is c lamped be tween grips 
and the load is applied to the o t h e r . This t es t 
induces shear s t resses which are liable to occur 
in the weld during the handling of a c ruc i fo rm 
welded a r m a t u r e or during service in a r e in fo rced 
concre te cons t ruc t ion . The f r a c t u r e load is r eco r -
ded and the resul t of this t e s t may be expressed 
in t e rms of a shear c o e f f i c i e n t , which is the 
pe rcen tage ra t io be tween the f r a c t u r e load 
and the load corresponding to the nominal yield 
s t ress in the thinner bar of the assembly. The 

Fig. 3. Shear test 

requ i red minimum shear coe f f i c i en t depends 
on the applicat ion considered. In cases where 
plain bars are welded to a c ruc i fo rm joint , the 
shear res i s t ance of the weld is necessary to 
ensure bond s t rength be tween the r e i n f o r c e m e n t s 
and c o n c r e t e . A shear coe f f i c i en t value of 30% 
may then be reques ted (load bearing weld). 

On the cont ra ry , in case of deformed bars , 
the adhesion in concre te is given by the su r f ace 
ribs. The role of the welded connect ion here 
is to mainta in the proper geometry of the arma-
ture during the handling opera t ions . A lower 
shear coe f f i c i en t may consequent be accep ted 
(non-load bearing weld). 

6.1.2 Tensile t e s t : T h e ' t e n s i l e t es t can be 
applied to any type of welded connect ion to 
de te rmine the capaci ty of the r e in fo rcemen t 
to transmit, a load f rom one side of the weld 
to the other (Fig. 4). The tensile t es t comes 
natural ly to mind when s t rength has to be evalua-
t ed . 

To be r ep re sen ta t ive of the tensi le proper t ies 
of the welded connect ion, the tensile tes t has 
to be carr ied out on as welded specimens, tha t 
is to say on specimens as they will be embedded 
in c o n c r e t e . Consequently machining of the 
weld or of the r e i n f o r c e m e n t itself must be 
avoided. 

The u l t ima te tensile s t rength of the welded 
assembly can easily be measured and compared 
ei ther to the guaranteed tensi le s t rength of 
t h e ' s teel or to the actual tensile s t rength of 
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the r e i n f o r c e m e n t in the non-welded condit ion. 
The e f f e c t of welding on the u l t imate s t rength 
c a n thus be assessed. 

The de te rmina t ion of the yield s t ress raise 
no special problem in the case of but t or c ruc i -
form welds : the local value of this cha rac t e -
r is t ic in the weld area can be measured using 
an ex tensomete r cen t red on the weld. For over lap 
joints, the cross sect ion is much grea ter in 
tl^e weld area than in the base me ta l . This 
means tha t until f r a c t u r e , the main par t of 
the overlap zone remains in the e las t ic f ield 
and tha t plast ic de format ions develop only 
at the ex t r emi t i e s of this a rea . Important plast ic 
straining occurs at these locations during tensile 
tes t ing of single lap welds because the eccen-
t r ic i ty of the two assembled r e in fo rcemen t s 
induces a f lexion.* These considerat ions explain 
why the s ignif icance of yield s t ress on lap joints 
may be questioned and why the res is tance of 
these joints is generally expressed only in t e r m s 
of tensile s t r eng th . 

The tensi le t es t also makes it possible 
to evaluate the duct i l i ty of the welded connect ion . 
This pa rame te r is specially impor tan t for c ruc i -
form welds, because the low heat, input may 
embr i t t l e some types of r e in fo rcemen t s (sensi-
t ivity to cold welding). Elongation is measured 
for this reason . 

Figure 5 shows d i f f e ren t types of elongation 
measurements which can be carr ied out on 
cross welds : 

elongation in the weld zone on a short base 
meta l length (As) ; 
f r a c t u r e elongation on a given base meta l 
length (A5 or A10 for example) ; 
uniform elongation (Au : in this case measured 
on the brokerw^specimen outside the necking \ * area) . 

It is c lear tha t the ducti l i ty of the joint 
is direct ly evaluated f rom the elongation in 
the weld zone on a short base meta l - lpngth 
(equal to twice the bar d iamete r , .for example) . 
The minimum elongation on such a basis may 
then be spec i f i ed . The minimum value is set 
according to the necessary capac i ty for de fo rma-
tion which a r e in fo rcemen t should display to 
ensure a proper behaviour in conc re t e , and also 
in re la t ion to the initial ducti l i ty of the r e i n f o r c e -
ment in the non welded condit ion. For example, 
a minimum elongation of 4% on the 2d base 

It is to be noted, in this regard , tha t this 
flexion e f f e c t does not appear on such a weldment 
embedded in c o n c r e t e . 

Fig. 5. Tensile test 

length may be required when the base mate r ia l 
has a high capaci ty for elongation, while a lower 
minimum elongation may be accep ted in other 
cases . 

Measurement on such a small base length 
cannot, however , be recommended as a general 
p rac t i ce and has to be replaced by an equivalent 
method (and cr i ter ion) easier to carry ou t . It 
can be shown in this connect ion, tha t the elonga-
tion in the weld area is influenced by the uniform 
elongation of the base meta l (Fig. 6). 
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Locol elongation 

Uniform elongation 

Distance 
oiong the bar 

- T n e mean elongation on o 2<7 Dase length Is 
influenced by uniform elongation 

Fig. 6. Elongation in the weld and uniform elongation 

Fig. 7. Tensik lest Fracture oui«dc the weld 

Fig. 8- Tensile lest Brittle fracture in the weld 

Dif fe r en t f r a c t u r e conditions may be conside-
red : 

F r a c t u r e near to the grip of the tensi le 
machine : 

In this case the t r ia l should not be considered 
as valid and should be run again . 

F r a c t u r e in the paren t me ta l : 

When the f r a c t u r e occurs outs ide the weld 
area (Fig. 7), it is c lear that the Welding ope ra -

tion has not impaired the tensile behaviour of the 
s teel with regard to the non-welded condition. 
Thus a suf f ic ient elongation is obtained in the 
weld a rea under the condition tha t the elonga-
tion of the base meta l itself is s a t i s f ac to ry . In 
other t e rms , the r e in fo rcemen t in the non-welded 
condition must fu l f i l the r equ i remen t s specif ied 
for the considered s teel grade. 

For the f r a c t u r e to be considered as occurring 
outside the weld, it has to occur a t a su f f i c i en t 
d is tance f rom the neares t fusion line, for example, 
the following values may be quoted : 

10 mm minimum for r e i n f o r c e -
ments with _0 10 mm 

25 mm minimum for r e in fo rce -
ments with 20 m m 

40 mm minimum for r e in fo rce -
ments with ty y 20 mm 

Frac tu r e in the weld : 

When the rup tu re occurs in the weld, two 
types of f r a c t u r e modes have to be examined : 

'Br i t t le f r a c t u r e (Fig. 8) which takes place 
suddenly a t a given load with no more 
subsequent elongation (Fig. 9). General ly, 
such a f r a c t u r e corresponds to a low elonga-
tion of the base meta l and thus of the weld, 
and is a sign of low duct i l i ty . 

The duct i le f r a c t u r e (Fig. 10) which has 
a bevel edged appearance . This type of 
f r a c t u r e s t a r t s when the tensi le r es i s t ance 
has reached its maximum value (Fig. 11) and 
develops with fu r the r local ized plast ic de fo r -
mat ion . Such a f r a c t u r e is generally accompa-
nied by an impor tan t deformat ion of the 
base me ta l and thus indicates a good ducti l i ty 
of the weld. 

Brief ly, it can be s t a t ed tha t the duct i l i ty 
of the weld zone is s a t i s f ac to ry when the f r a c -
ture in tensi le t es t occurs in the paren t meta l 
or in the weld but t with a bevel edged appea rance . 

Consequent ly, to appraise the ducti l i ty of the 
weld, a very simple cr i ter ion can be the aspect 
of the f r a c t u r e . Never the less , the measuremen t 
of an elongation may be deemed necessary . 
Uniform elongation of the base me ta l may then 
be measured and compared to the value required 
for the r e i n f o r c e m e n t . F r a c t u r e elongation can 
also be used with a proper cr i te r ion because , 
as shown in Table 2, uniform elongation can 
be e s t ima ted f rom f r a c t u r e e longat ion. The 
minimum f r a c t u r e elongation could be : 

the guaranteed value of the s tee l grade in the 
case of f r a c t u r e in parent me ta l ; 
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Fig. 9. Brittle fracture in the weld 

Fig. 10 Tcibik ie»t. Duciik fracture in th« weld 

75% of this guaranteed value in the case 
of f r a c t u r e in the weld (the reduct ion of 
25% takes account of the lower necking 
phenomenon due to the proximity of the weld). 

With regard to o ther types of welded joints, 
similar c r i t e r ia to those used on c ruc i form welds 
can be used to eva lua te the duct i l i ty . 

6.1.3 Bend t e s t : The bend tes t around a man-
drel of a given d iameter may also be used to 
eva lua te the ducti l i ty of the weld. 

The mean level of deformat ion applied to the 
meta l in this t e s t , depends on the mandrel dia-
m e t e r . When this d iameter is expressed in te rms 
of the bar d iameter (mandrel d iameter : kd, d : 
bar d iameter ) , the elongation in the external 
f ibres of the t es ted r e in fo rcemen t is : 

100 
E (%> = -

1 + k 

Fig. 11. Ductile fracture in the weld 

The result of this t e s t is evalua ted in accor -
dance with the external aspect of the bent r e in -
fo rcemen t (presence of cracks , rupture) . The 
question may ar ise , whether it is advisable to 
carry out two d i f fe ren t t e s t s (tensile and bend 
tests) to assess the same property (ducti l i ty) . 
In this connect ion, it should be pointed out that 
the bend tes t can easily be carr ied out on s i te 
but the main drawbacks of this tes t come f rom 
the f a c t tha t an object ive cr i ter ion is d i f f icul t 
to se t , and f rom the s ca t t e r of the resul ts in 
many cases (specially on c ruc i form welds). 

In order to c la r i fy things, a more comple te 
analysis of the local deformat ions taking place 
in the r e in fo rcemen t e i ther in tensile tes t or 
in bend tes t can be made . 

In the tensile tes t , the way of stressing the 
metal is such tha t a distribution of the local 
s t rains is possible, the poor elongation of a locally 
less ducti le meta l being balanced by a higher 
elongation of an ad jacen t zone. 

In the bend t e s t , each section of the bar 
is submit ted to the same s t ra in , which is imposed 
by the curve of the mandrel . The metal cannot 
dis t r ibute the deformat ion . 

Consequently the d i f f e r ence be tween the 
two types of tes t leads to an impor tant question 
concerning the choice of procedures for tes t ing 
the mater ia l : is it necessary for each e lementa ry 
part of a bar to be submit ted to the same defor -
mation (for example, each small cylinder having 
the sect ion of the bar as basis and a height 
of a few mil l imetres) or on the cont ra ry , is 
it suf f ic ien t for the elongation of the weld zone 
as a whole ( tha t is to say a cylinder with a 
height of about twice the bar d iameter) to 
a t t a in a given value ? 
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One main c h a r a c t e r i c of t h e s t ee l lies in 
i ts c a p a c i t y to d i s t r i b u t e the local s t r a i n s and 
this expla ins i ts p r o p e r t i e s r e l a t e d to d u c t i l i t y . 

When the t e s t i n g cond i t ions do not a l low 
this phenomenon to t ake p l ace , an i m p o r t a n t 
a d v a n t a g e of the s t e e l may not be t aken into 
a c c o u n t . 

It is, howeve r , c l ea r t h a t a bend t e s t may 
be n e c e s s a r y , for i n s t a n c e if t he welded r e i n f o r c e -
m e n t s were in tended to be shaped dur ing the 
f a b r i c a t i o n of the a r m a t u r e a t t he l oca t ion of 
the we ld . 

Tab le 2 

Cons ide r ing in F i g . 5 the base m e t a l on 
which A 1 0 is m e a s u r e d the length a f t e r t ens i l e 
t e s t i n g is : 

10 d (1 + A 10) 

This is also equal to : 

5 d (1 + A 5) + 5 d (1 + Au) 

The f i r s t t e r m of the above express ion , is 
the l eng th of the c e n t r a l pa r t w h e r e necking 
o c c u r s ; t h e second t e r m is the length of the 
two 2,5d neighbour ing zones, on which no neck ing 
is r e c o r d e d , t h e e longa t ion of those two zones 
is to be cons idered as "uniform"* 

Compar i son of the two express ion gives : 

Au ^ 2 A10 - A5 

This m e a n s t h a t the u n i f o r m e longa t ion can 
be e s t i m a t e d to be of the value of 2A10 A. 

6.1.4 D e f i n i t i o n of weldab i l i ty : The c o n s i d e r a -
t ions deve loped in t h e p r eced ing s ec t i ons give 
guide l ines to help wi th t h e s e l e c t i o n of the 
m e c h a n i c a l t e s t s and c r i t e r i a . 

In this connec t i on Table 3 s u m m a r i z e s t h e 
d i f f e r e n t t e s t s c h a r a c t e r i s t i c s which may be 
cons ide red in t he se t e s t s . It is c l ea r t h a t s e v e r a l 
poss ib i l i t ies e x i s t . 

Thus, the f ina l ' - cho ice is l e f t to t h e Author i 
t i e s c o n c e r n e d in e a c h c o u n t r y . Ment ion c a n be 
m a d e of a given t e s t , easy to be c a r r i e d o u t , 
which may be appl ied for i n v e s t i g a t i o n , l iable 
to be c o n f i r m e d , in c a s e of doub t , by a n o t h e r 
t e s t which will be then cons ide red as d e t e r m i n i n g ; 
for i n s t a n c e bend t e s t as s c r e e n i n g t e s t and 
t ens i l e t e s t as d e t e r m i n i n g test . . 

The s econd poin t is to d e f i n e t h e weld ing 

p r o c e d u r e . Two a l t e r n a t i v e s can be po in ted ou t 
in this c o n n e c t i o n : 

e i t h e r , we ldab i l i t y is e v a l u a t e d in e a c h ca se 
e n c o u n t e r e d in p r a c t i c e and thus a c c o r d i n g 
to the welding p r o c e d u r e a d o p t e d in a given 
s i t ua t ion ; 
or we ldab i l i ty is e v a l u a t e d in a m o r e g e n e r a l 
way by s e l e c t i n g s t a n d a r d weld ing p r o c e d u r e s 
which will be mainly used in a given a r e a for 
p r e sen t and f u t u r e welding work . 

A s imi lar c d n c e p t can be a d o p t e d for s t e e l s : 

e i t he r we ldab i l i ty is s y s t e m a t i c a l l y c h e c k e d 
on eve ry b a t c h of r e i n f o r c e m e n t s to be 
welded ; 
or we ldab i l i ty is assessed o n c e and for all 
on s t e e l s p e c i m e n s r e p r e s e n t a t i v e of given 
g rade and qua l i t y , and not for e ach p r o d u c -
t ion b a t c h . 

Ths l a t t e r poss ibi l i ty m e a n s t h a t o t h e r m e -
thods m u s t be d e f i n e d to ensu re t h a t the s t e e l s 
de l ive red a r e we idab le ( c h e m i c a l r e q u i r e m e n t s 
for i n s t a n c e , as d i scussed in s e c t i o n 7). 

These c o n s i d e r a t i o n s lead to t h e ma jo r 
c o n c e p t of we idab le r e i n f o r c i n g s t e e l s and the i r 
d e f i n i t i o n . 

7. We idab le r e i n f o r c e m e n t s 

As s t a t e d above the c o n c e p t of w e i d a b l e 
r e i n f o r c e m e n t is c o m p l e x . 

It should be . f i r s t po in ted ou t t h a t , as a 
r u l e , al l t y p e s of r e i n f o r c e m e n t s a r e we idab le 
provided an a d e q u a t e weld ing p r o c e d u r e is a d o p t e d . 
This s t a t e m e n t is c o n f i r m e d - in t h e a c t u a l p r a c -
t i c e . For i n s t a n c e , s a t i s f a c t o r y welds c a n be 
o b t a i n e d in s t e e l s s e n s i t i v e to e m b r i t t l e m e n t 
if s u i t a b l e p r e h e a t i n g or p o s t h e a t i n g runs a r e 
appl ied even m t h e c a s e of c r u c i f o r m we lds . 
The s u c c e s s of such a joining o p e r a t i o n impl ies 
obviously an e f f i c i e n t con t ro l a t each s t e p (con-
t rol of p r e h e a t i n g , weld ing and p o s t h e a t i n g ) . 

In m a n y c a s e s , h o w e v e r , welding c a n n o t be 
c a r r i e d ou t under s o p h i s t i c a t e d cond i t i ons . This 
m e a n s t h a t it may not be poss ib le to apply p r e -
h e a t i n g r u n s and t h a t manua l m e t a l a r c weld ing 
is c a r r i e d out using c o v e r e d r u t i l e e l e c t r o d e s . 
Welding has t h e r e f o r e to be p e r f o r m e d on r e i n f o r -
cing s t e e l s whose sens i t iv i ty to e m b r i t t l e m e n t 
is s u f f i c i e n t l y low as to be c o m p a t i b l e wi th 
r a t h e r d i f f i c u l t joining cond i t i ons . F r o m this 
c o m e poss ible l i m i t a t i o n s on t h e c h e m i c a l c o m p o -
si t ion of t h e s t e e l s . 
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Table 3 

Mechan i ca l t e s t s qn welded c o n n e c t i o n s and 
c h a r a c t e r i s t i c s der ived f r o m t h e t e s t s 

Test C h a r a c t e r i s t i c s 

1. Shear t e s t ( for 
c r u c i f o r m welds) 

Shear c o e f f i c i e n t 

2 . Tensi le t e s t U l t i m a t e t ens i l e s t r e n g t h 
Yield s t r e s s (in so far as 
it c a n be d e t e r m i n e d ) 
F r a c t u r e a p p e a r a n c e (due 
t i le or b r i t t l e ) 
U n i f o r m e longa t ion 
F r a c t u r e e longa t ion (on 
a given base length) . 

3. Bend t e s t -Ex te rna l a p p e a r a n c e of 
the s p e c i m e n (no c r a c k , 
p r e s e n c e of c r a c k s , rup-
t u r e ) . 

These l i m i t a t i o n s c o n c e r n the c o n t e n t s in 
e l e m e n t s l iable to induce e m b r i t t l e m e n t . C a r b o n 
is t h e f i r s t e l e m e n t to be cons ide red , for t h e 
s imple r e a s o n t h a t in "co ld" weld ing m a r t e n s i t e 
is f o r m e d in t h e h e a t a f f e c t e d z o n e . In o rde r 
to e n s u r e t h a t th is m a r t e n s i t e is su f f i c i en t l y 
duc t i l e , c a rbon c o n t e n t should be l i m i t e d . The 
i n f l u e n c e of o t h e r ha rden ing e l e m e n t s can be 
t aken into a c c o u n t wi th the ca rbon e q u i v a l e n t . 
D i f f e r e n t f o r m u l a t e have been proposed for 
the ca rbon equ iva l en t ; t h e de f in i t i on adop ted 
by t h e HW is m e n t i o n e d be low : 

r _ r Mn + Cu + Ni + Cr + Mo + V 
eq ~ 6 15 5 

ca r ry ou t t h e s e t e s t s and t h e s e s t e e l s a r e conse -
quen t ly r e j e c t e d . 

Therefore , - t h e s t e e l s which fu l f i l t hose 
l im i t a t i ons on t h e c h e m i c a l compos i t i on a r e 
l iable to be w e l d e d . T h e r e f o r e , we ldab i l i ty t e s t s 
have , to be c a r r i e d o u t in n rder to a s sess w h e t h e r 
a given s t e e l is r ea l ly we ldab l e . 

Using such a c o n c e p t , t h e m a x i m u m admiss i -
ble c o n t e n t s in ca rbon or in ca rbon equ iva l en t 
may be f ixed a t r a t h e r "high" va lues . The l imi t s 
r e p r e s e n t in f a c t t h e upper border above which 
a s t ee l is no longer we ldab le , and- they of c o u r s e 
depend on t h e s e l e c t i o n of weld ing p r o c e s s e s , 
welding p a r a m e t e r s and t ypes of jo in ts and 
on t h e r e q u i r e m e n t s of the welded c o n n e c t i o n s . 
These l i m i t s a re d e f i n e d on t h e basis of s p e c i f i c 
s t ud i e s c a r r i e d ou t on a r e p r e s e n t a t i v e popula t ion 
for r e i n f o r c i n g s t e e l s . 

Second poss ibi l i ty : 

The m a x i m u m admiss ib le c o n t e n t s in h a r d e -
ning e l e m e n t s a r e cons ide red as s u f f i c i e n t r e q u i r e -
m e n t s to ensu re w e l d a b i l i t y . This m e a n s t h a t 
the l i m i t a t i o n s on t h e c h e m i c a l compos i t i on 
a r e f ixed at very s a f e leve ls under which a 
r e i n f o r c i n g s t e e l , t h a t has been proper ly p roduced , 
is s a f e ly we ldab le under s imple cond i t ions . 
Such a s t ee l m u s t fu l f i l -the cond i t ions on t h e 
c h e m i c a l compos i t i on and display s a t i s f a c t o r y 
m e c h a n i c a l p r o p e r t i e s in t h e non-we lded condi 
t i on . t h i s c o n c e p t impl ies t h e adop t ion of low 
m a x i m u m values of c a rb o n , cab ron equ iva l en t 
and if necessa ry o t h e r e l e m e n t s . 

These values a r e f ixed on the bas is of 
a p r e l im ina ry inves t iga t ion p e r f o r m e d on s e v e r a l 
s t ee l s amp le s r e p r e s e n t a t i v e of t h e r e i n f o r c e -
m e n t s e n c o u n t e r e d in p r a c t i c e . Should a new 
type of s t ee l c o m e on to t h e m a r k e t , th is inves t i 
ga t ion should be r e p e a t e d on th i s new qual i ty 
so as to check w h e t h e r t h e l imi t s adop ted a r e 
still va l id . 

The m a x i m u m values for the ca rbon and In such a c a s e the m e c h a n i c a l t e s t s on 
ca rbon equ iva l en t c o n t e n t s may be se t in two ways , we lded c o n n e c t i o n s a re no longer n e c e s s a r y to 

v e r i f y the we ldab i l i t y of a we l l -p roven s t e e l . 
F i r s t poss ib i l i ty : They may be used to check the a p t i t u d e of 

the o p e r a t o r or t h e c o r r e c t o b s e r v a n c e of t h e 
Those m a x i m u m admiss ib le c o n t e n t s a r e pe rmiss ib le welding cond i t i ons . In th i s r e g a r d , 

cons ide red as neces sa ry in o rder to ensu re w e l d a - it may be adv i sab le t h a t t h e p r o d u c e r s of a 
b i l i t y . -This c o n c e p t is exp res sed in o t h e r t e r m s given t ype of r e i n f o r c i n g s t e e l publish a welding 
as fo l lows : b rochu re ind ica t ing the main gu ide l ines fo r 

the a c h i e v e m e n t of sound w e l d s . 
The l imi t s a r e se t in such a way t h a t the 

s t e e l s whose c h e m i c a l c o m p o s i t i o n does not 8. L i m i t va lues on t h e c h e m i c a l c o m p o s i t i o n 
fu l f i l t h e s e l imi t s a r e no t w e l d a b l e under t h e of r e i n f o r c i n g s t e e l s 
s imple joining cond i t ions which a r e imposed . 
These s t e e l s c a n n o t t h e r e f o r e s u c c e e d in the F rom t h e o b s e r v a t i o n s deve loped in the 
we ldab i l i ty t e s t s . Thus, t h e r e is no r e a s o n to p r eced ing s e c t i o n , it is c l ea r t h a t , accord ing 
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to the c o n c e p t a d o p t e d fo r the de f in i t i on of 
we idab le s t e e l s , s e v e r a l poss ib i l i t ies a re o f f e r e d 
wi th r e g a r d to t h e c h e m i c a l c o m p o s i t i o n and 
i t s pa s s ib l e l i m i t a t i o n s on i t . This idea is c o n f i r -
med by t h e f a c t s which show t h e g r e a t d ive rs i ty 
of t h e r e q u i r e m e n t s in na t iona l codes or s t a n d a r d s . 

Thus , it is out of t h e scope of th is d o c u m e n t 
to s p e c i f y s t r i n g e n t cond i t ions on t h e chemica l 
compos i t i on ; those r e c o m m e n d a t i o n s could not 
t h e r e f o r e r e f l e c t the a c t u a l c o n c e p t i o n of w e l d a -
bil i ty adop ted in each a r e a of t h e wor ld . 

N e v e r t h e l e s s , r a n g e s of l imi t va lues on 
the c a r b o n and t h e ca rbon equ iva len t c o n t e n t s 
m a y be p r e s e n t e d f o r i n f o r m a t i o n . It is found 
f r o m t h e l i t e r a t u r e t h a t , in m o s t ca se s , t he 
l i m i t a t i o n s lie wi th in t h e f o l l o w i n g ' r a n g e s : 

m a x i m u m c a r b o n c o n t e n t : va lue chosen b e -
t w e e n 0.20 and 0.30% 

m a x i m u m ca rbon equ iva l en t c o n t e n t : va lue 
chosen b e t w e e n 0.45 and 0.55% 

9. Cold c r a c k i n g of welds m a d e in r e i n f o r c e -
m e n t s 

The danger of cold c r a c k i n g in Welding de -
pends upon , t h e s i m u l t a n e o u s o c c u r r e n c e of 
severa l f a c t o r s which c a n be s c h e m a t i c a l l y p r e -
s e n t e d as fo l l ows : 

the p r e s e n c e of hydrogen in t h e welds ; 
a m i c r o s t r u c t u r e in t h e m e t a l s ens i t i ve to 
hydrogen (genera l ly a high a m o u n t of m a r -
t e n s i t e ) ; 
a high level of s t r e s s e s . 

In t h e c a s e of bars , th i s phenomenon is 
not likely to occur even when r u t i l e e l e c t r o d e s 
a re used , for t h e fo l lowing r e a s o n s : 

welds p e r f o r m e d with low h e a t inputs , 
such as c r u c i f o r m welds , do no t induce i m p o r -
t an t res idua l s t r e s s e s ; 
o t h e r types of welds , t he h igher h e a t inputs 
do not gene ra l l y induce t h e f o r m a t i o n of 
b r i t t l e m i c r o s t r u c t u r e s . 

It is only in t h e c a s e of high c a r b o n c o n t e n t s 
(above 0 .27%) and low h e a t inputs t h a t t h e use 
of r u t i l e c o v e r e d e l e c t r o d e s could involve hyd ro -
gen induced c r a c k i n g . 

10.. Conc lus ions 

This d o c u m e n t has p r e s e n t e d t h e main f e a -
t u r e s of welding in r e i n f o r c e d c o n c r e t e c o n s t r u c -
t ion and of t h e we ldab i l i t y of r e i n f o r c e m e n t s . 

Welding and we ldab i l i t y can be a p p r o a c h e d 

in d i f f e r e n t ways , which h a v e b e e n r e v i e w e d 
and ana ly sed . It is thus hoped t h a t a u se fu l back -
ground is provided so as to help t h e d i f f e r e n t 
a u t h o r i t i e s in c h a r g e of t h i s ques t ion to adop t 
r a t i o n a l ru l e s as a f u n c t i o n of t h e s p e c i f i c . n a t i o -
nal c o n t e x t . 
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