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. , . . Part 2 
Weld Metai 

Weld meta l , even if i ts chemica l composi t ion 
approaches that of the parent me ta l very 
closely, is a ma te r i a l inev i tab ly very d i f f e ren t 
in cons t i tu t ion and s t ruc tu re as a resul t of 
rapid so l id i f i ca t ion , reheat ing and the e f f ec t s 
of p last ic de fo rmat ion dur ing cool ing which 
are to ta l l y unl ike those imposed by ro l l ing. 
Yet in our speci f icat ions we pretend that 
weld me ta l can or should have the same proper-
t ies as the parent meta l and that this is impor t -
ant in re la t ion to the safety of the s t ruc tu re . 
The outward man i fes ta t ion of this pretence 
is the weld me ta l tensi le test . A more useless 
and more meaningless test is d i f f i c u l t to 
imagine. 

The mechanism of de fo rmat ion and f rac tu re 
observed in the tensi le test , i .e., the general 
extension fo l lowed by necking, and the cup 
and cone f rac tu re , are pecul iar to tests involv ing 
round specimens and are en t i re ly a consequence 
of cer ta in geometr ic parameters of the machined, 
round, specimen. What is observed in a tensi le 
test is not readi ly re la ted to de fo rmat ion 
and f rac tu re of a s t ruc tu re ; not even a member 
is a s t ruc tu re subjected purely to tensi le stress. 
The cup and cone type of f r ac tu re for instance 
is only observable in a tensi le test w i t h a 
cy l indr ica l specimen. Welds are never stressed 
except through parent me ta l and the stress 
condit ions, the de fo rmat ion and eventual f rac tu re 
of a weld are as much inf luenced by the stress 
and consequent de fo rmat ion of the heat a f f ec ted 
zone and the adjacent parent me ta l as by 
the mechanical proper t ies of the weld i t se l f . 
Moreover , those mechanical proper t ies in a 
single pass weld or in a mu l t i p le weld when 
t h e inter-pass tempera tu re would normal ly 
drop almost to room tempera ture w i l l be qui te 
d i f f e ren t f r om these propert ies determined 
in an al l weld me ta l test piece. I t is we l l 
known tha t for most weld meta ls the percentage 
elongat ion, which for no sensible reason is 
expected to ma tch that of the parent meta l , 
is in fac t very much lower unless very much 
higher interpass temperatures are used in 
making the specimen than would be used in 
p rac t i ca l welding or a l te rna t i ve ly the specimen 
is heat t rea ted before test ing. 
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Weld meta l does not have to pe r fo rm except 
in conjunct ion w i t h a parent ma te r i a l and 
i t is d i f f i c u l t to see what i n fo rma t ion is obtained 
f r om an al l weld meta l test piece that is 
not much more rea l i s t i ca l l y obtained in the 
transverse tensi le test or c r u c i f o r m tes t . Despi te 
the s t r ingent and qui te unrea l is t ic duc t i l i t y 
requi rements in the a l l weld me ta l test piece, 
recent work car r ied out at the Br i t i sh Welding 
Research Associat ion has revealed that when 
a s t ruc tu re such as pressure vessel is subjected 
to long t ime creep condit ions at h igher . tempera-
tures, fa i lures may eventual ly take place as 
the resul t of p re fe ren t ia l c rack ing in the weld 
meta l ind icat ing that the parent me ta l can 
sustain much larger deformat ions than the 
weld meta l at high temperatures. Figure 3 
shows such a creep fa i lu re a f te r 1200 hours 
and 6% ereeo s t ra in at 450° C in a weld 
a t tach ing a nozzle to a pressure vessel. Figure 
4 shows s imi lar cracks in a machined bu t t 
weld in an exper imenta l spher ical m i ld steel 
vessel a f t e r 1800 hours and 2.8% m e m b r a n e 
st ra in also at 450°C. 

There is no re la t ion between percentage elong-
at ion at room tempera ture and creep duc t i l i t y 
and i t may we l l be that in s t r i v ing for an 
unnecessari ly high degree of room tempera tu re 
duc t i l i t y in weld meta l , as demanded by the 
al l weld meta l test , we diminish the high temp-
erature creep duc t i l i t y tha t might be ob ta in -
able at some sacr i f i ce of room tempera ture 
duc t i l i t y by sui table a l loy ing. 

I t is s ign i f icant tha t this par t i cu la r def ic iency 
of weld meta l was revealed in tests on actua l 
pressure vessels, that is in weld me ta l : parent 
meta l combinat ions. I t is doubt fu l whether 
this same def ic iency would be apparent in 
a l l weld meta l tests. 

For one th inq i t would be qui te d i f f i c u l t to 
speci fy p r i o r i t a l the m in imum creep duc t i l i t y 
required at any given tempera tu re of , as seems 
l ike ly , i t proved in any case impossible to 
match the creep duc t i l i t y of the parent meta l . 

The confus ion between mechanical test ing 
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Fig. 3 Creep rupture failure in mild steel weld attaching nozzle to 
pressure vessel after 1200 hr at 450«>C, under internal pressure 

producing creep strain of 6 % M U Si 
IfWTIM If UUIV.I 

Fig. 5 Relation between percentage elongation 
maximum strain in the tensile test, maximum 
strain m the bend test and reduction of area in 

the tensile test 

M l t t M l M l n I f f Ml 

Fig. 6 Hard and soft materials sustain different 
amounts of maximum fibre strain when bent to 

the same angle. 

Fig. 4 Creep ruptuie failure in machined shell butt weld of experi-
mental mild steel pressure vessel welded with mild steel electrode 
after 1800 hr at 450"C under pressure producing 2.8% membrane 

creep s t ra in . 
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purely as a method of qual i ty con t ro l in product -
ion and the s ign i f icance of the propert ies 
determined in mechanical tests for the safe 
design of a s t ruc tu re becomes par t i cu la r l y 
obvious in the a t tempts - pa the t ic somet imes -
to make other weld ing processes con fo rm w i t h 
requi rements establ ished for manual arc weld ing 
of m i ld steel . 

Most spec i f icat ions for weld me ta l require 
a transverse bend test on a bu t t weld. For 
plain p late the bend test has no other signi-
f icance than to check whether the mate r ia l 
can be f langed by cold de fo rmat ion w i thou t 
crack ing. There is, however, a c lear re la t ion 
given by the fu l l curve in F ig . 5 due to Kuntze 
between the reduct ion of area in the tensi le 
test and the maximurrv, s t ra in to f rac tu re in 
the bend tes t . This re la t ion holds reasonably 
wel l for a l l meta ls and i t w i l l be observed 
inc identa l ly tha t percentage elongat ion gives 
no ind icat ion at a l l of the u l t i m a t e duc t i l i t y 
of a me ta l when subjected to severe non-un i fo rm 
stra in ing as i t is in the bend test or in the 
region of high s t ra in concent ra t ion in a s t ruc tu re . 
A lumin ium al loys w i t h a percentage elongat ion 
of not much less and somet imes more than 
mi ld steel nevertheless show smal ler reduct ions 
in area and consequently require a much larger 
d iameter fo rmer in the bend test than m i l d 
steel i f they are to stand bending 180° w i thou t 
cracking. A l l this means is tha t a lumin ium 
alloy plate is more d i f f i c u l t to f lange than 
mi ld steel , but i t also means tha t a lumin ium 
alloys in general are less duct i le than mi ld 
steel in accommodat ing very high strains 
in local regions of stress concent ra t ion w i thou t 
cracking. This, however, has not in any way 
d im in ished the a t t rac t iveness of a lumin ium 
alloys for high duty s t ruc tures such as a i r c r a f t 
or low tempera tu re pressure vessels made 
to per fec t l y sa t is fac tory standards of sa fe ty . 

For the same bend angle a hard mate r ia l 
w i l l sustain much higher ex t reme f ib re s t ra in 
than a sof t ma te r i a l as is i l l us t ra ted in F ig. 
6. I f a harder ma te r ia l cracks at a smal ler 
bend angle than a sof ter ma te r i a l i t does 
not necessari ly mean that the harder ma te r ia l 
is less duc t i le ; i t may in fac t have sustained 
much higher p last ic strains before crack ing 
than the sof t ma te r i a l which did not crack 
at al l . 

I f one applies a l l th is to the in te rp re ta t i on 
of the results of bend tests on bu t t welds 
which consists of a sequence of hard and 
so f t zones a bend test fa i lu re does not necessa-
r i l y ind icate a bad or unacceptable weld; 
i t may merely ind icate that at any given 
bend angle one zone has been stra ined much 
more than another. I f the weld me ta l has 

a higher y ie ld point and a d i f f e ren t stress 
s t ra in curve f r o m the parent me ta l i t w i l l 
c lear ly de fo rm less in the bend test than 
the therma l l y sof tened zones on e i ther side 
of i t . I f a premature rupture should occur 
this may mere ly mean tha t the de fo rmat ion 
in the bend test has not been absorbed un i fo rm-
al ly and tha t consequently the sof tened zones 
have been stra ined to rupture at a smal ler 
bend angle than they would have been had 
the t o t a l de fo rmat ion been more un i fo rma l l y 
d is t r ibu ted over the weld and heat a f f ec ted 
zone. 

The bend test requi rements are par t i cu la r l y 
d i f f i c u l t to meet w i t h welded a lumin ium al loys. 
The weld ing speed in par t i cu la r has a strong 
inf luence on the w id th of the sof tened zone; 
a very wide sof tened zone is c lear ly undesirable 
and yet the wider i t is the easier i t w i l l 
be to sat is fy the requi rements of the bend 
test . The resul t of this is tha t welded jo ints 
made at high weld ing speed w i t h narrow so f t -
ened zones may be condemned whereas in-
herent ly sof t and weak jo ints may pass. 

Nobody in fac t is qui te sure what the transverse 
bend test is t r y i n g to establ ish. The ASME 
code says that the bend test is car r ied out 
' to check the degree o f soundness and duc t i -
l i t yo f groove weld jo in ts ' . I t c lear ly does ne i ther ; 
sponge, perhaps the best example of unsound-
ness, bends readi ly w i thou t rupture . I f a bend 
test fa i ls as the resul t of a large slag inclusion 
or as the resul t of lack of side wa l l fusion 
is one to conclude that the weld meta l is 
bad or is one to condemn a whole pressure 
vessel in which radiography and ul t rasonic 
tes t ing fa i l to f ind another slag inclusion 
or any lack of side wal l fusion? 

The soundness of weld, i f i t is impor tan t , 
can be establ ished much be t te r by radiography, 
u l t rasonics and other means of non-dest ruc t ive 
test ing. A t the best the bend test cannot 
supply i n fo rma t i on tha t is not already avai lable 
f r o m non-des t ruc t i ve examinat ion or f r om 
the tensi le tes t . L ike the a l l -we ld me ta l test 
piece i t is t o ta l l y i r re levant in re la t ion to 
design and safety and to ta l l y inadequte as 
an ind ica t ion of e i ther weld qual i ty or weld 
soundness. 

Whatever tests are used for qua l i ty con t ro l 
of any given combinat ion of parent me ta l 
and weld ing process the requi rements should 
be appropr ia te to the par t i cu la r me ta l and 
weld ing process and not be der ived f r o m requi re-
ments appl icable to a d i f f e ren t ma te r i a l or 
a d i f f e ren t weld ing process. What can be 
achieved in the way of say low tempera tu re 
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impact propert ies in mult ipass manual arc 
weld ing may not be achievable in e lect ros lag 
weld ing or even in submerged arc welding. 

O b j e c t i v e c r i t e r i a of requi rements should 
be establ ished s t r i c t l y on the basis of what 
is requi red for safe ty - and this can c lear ly 
be done only by proper sc ien t i f i c invest igat ions 
of the problem in the labora tory . In the con tex t 
of any new weld ing process the requi rements 
establ ished for a more t rad i t i ona l process 
may be to ta l l y i r re levant and may, in f ac t , 
have been quite unre lated to the question 
of real safety in the past. Some of the newer 
weld ing processes such as CO 2. weld ing or 
e lect ros lag weld ing may give much more de fec t -
f ree and hydrogen- f ree deposits so tha t risk 
of c rack ing is much smal ler and consequently 
a lower impact value may be pe r fec t l y accept -
able w i thou t any sacr i f i ce in overa l l safety . 

The re la t i ve impor tance of low tempera ture 
notch toughness of weld me ta l in the whole 
complex p ic ture of the b r i t t l e f rac tu re problem 
is in any case by no means f i r m l y established. 
There are no indicat ions f r om the examinat ion 
of b r i t t l e f rac tu res that have occurred in service 
that the notch duc t i l i t y of the weld meta l 
is a c r i t i c a l f ac to r . There has been one b r i t t l e 
fa i lu re of a welded gas-holder (during const ruc t -
ion) in which the f rac tu res i n i t i a ted as longi-
tudinal cracks along bu t t welds which had 
not beert chipped back and rewelded f r om 
the reverse side so tha t there was a cont inuous, 
ex t reme ly long, pre-ex is t ing crack present 
po in t ing r igh t at the cent re l ine of the weld. 
The notch toughness of the weld meta l was 
33 f t . lb at the tempera tu re of f racture. . 

WELD DEFECTS 

Methods of non-dest ruct ive tes t ing have 
been developed and gradual ly improved w i t h 
the resul t tha t smal ler and smal ler defects 
in welds have become detectab le and the 
p r o b l e m o f e s t a b l i s h i n g acceptable levels 
of unsoundness has become increasing economic 
impor tance. Eventual ly th is problem w i l l dis-
appear because there is every ind icat ion f r om 
present trends in the development of weld ing 
processes that processes such as manual arc 
weld ing w i t h the i r inherent l i ab i l i t y to produce 
de fec t i ve welds w i l l gradual ly be replaced 
by other processes w i t h perhaps bu i l t - i n qual i ty 
con t ro l which w i l l make i t v i r tua l l y impossible 
to produce de fec t i ve welds. We would not 
today put up w i t h machine tools incapable 
of achiev ing close to lerances and we may 
not have to put up for ever w i t h weld ing 
processes producing de fec t i ve welds. 

For the t ime being, however, de fec t i ve welds 

are w i t h us and this raises the impor tan t 
question of whether any defects can be to lera-
ted in welds and i f so what is to lerab le level of 
defect iveness. Some author i t ies - in the API-
ASME Code for instance - have produced 
porosi ty charts and rules for permissible sizes 
of other defects which in the comple te absence 
of any fac tua l or exper imenta l basis, must 
have been the result o f d iv ine inspirat ion 
of the code makers - though i t does not say 
anywhere in the code whether the inspirat ion 
was the resul t of p ro t rac ted fast ing or not 
so that they began to see spots in f ron t of 
the i r eyes. 

For the sake of per fec t ion ism - i f not fo i the 
sake of economy or safety - complete ly 

d e f e c t - f r e e welds could be jus t i f ied , some 
people w i l l have noth ing but the best and 
they der ive more aesthet ic joy f r om a clean 
X- ray than f r om the most beaut i fu l p ic ture 
in the Nat iona l Ga l le ry . This is qui te in 
order as long as i t is they and not some sone 
else who has to pay for i t . Lesser morta ls 
may have to be sat is f ied w i t h what is 
good enough for the job cannot be established 
by div ine insp i ra t ion but only by pat ient 
exper imenta l research. Such researches have 
amply demonst ra ted that for many jobs far 
less than absolute pe r fec t ion is adequate. 

Whether a given de fec t is permissible or 
not depends on the ex tent to which the defect 
increases the r isk of fa i lu re of the s t ruc ture . 
I t is qui te clear tha t th is w i l l vary w i t h the 
type of s t ruc tu re , i ts service condit ions and 
the mate r ia l f r o m which i t is constructed. 
More spec i f ica l ly the fo l low ing fac tors have 
to be considered: 

1. The nature of the loading condit ions whether 
s ta t i c impac t , fa t igue or creep. 

2. The stress ievel at the point where the 
defect is located. 

3. The lowest tempera tu re to which the s t ruc t -
ure is subjected in service (or during a pressure 
or over load test preceding service). 

4. The notch toughness of the mate r ia l in 
which the defec t is located at the lowest 
service or test tempera tu re and i ts notch 
sensi t iv i ty under condi t ions of fa t igue ioading. 

DEFECTS AND STATIC STRENGTH 

Under purely s ta t i c condi t ions and at tempera t -
ures where the ma te r i a l in which the defect 
is located is above the t rans i t ion tempera ture 
so that there is, a p r i o r i t a l , no r isk o f f b r i t t l e 
f rac tu re , defects can only lower the s t rength 
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in p ropor t ion to the area of cross sect ion 
they occupy. In some mater ia ls - m i ld steel 
is the most t yp i ca l - the s t rength of weld 
meta l w i l l be higher than the parent me ta l 
so tha t even extensive areas of defect iveness 
w i l l not reduce the s t rength o f the jo in t 
to a value smal ler than tha t of the parent 
meta l . This is amply borne out by s ta t i c 
tensi le tests on bu t t welds in m i ld steel when 
even gross defects have been shown to produce 
no reduct ion in s t rength . 

In a lumin ium al loys defects may reduce s ta t i c 
s t rength i f the weld me ta l s t rength only just 
matches parent m s t a l s t rength where, there-
fore, the transverse tensi le test piece would v 

be expected to f a l l in any case in the weld 
and not in the parent meta l . I f , on the other 
hand, there is fa i r l y wide sof tened zone on 

e i ther side of the weld fa i l u re may not take 
place in the weld but in the sof tened zone 
even i f the we ld is de fec t i ve . There are not 
at present su f f i c i en t exper imenta l data avai la-
ble on wh ich re l iab le ' acceptance c r i t e r i a 
for defects in a lumin ium al loys could be 
establ ished. However the possible s t rength-
reducing e f f e c t of any possible defects in 
the weld has to be seen *fn re la t ion to other 
fac tors which may reduce the s t rength of 
a s t ruc tu re . I t does not seem very sensible 
for instance to wor ry about some fa i r l y sca t te r -
ed porosi ty and yet pe rmi t the inclusion 
of a weld contour the so-cal led ' re in fo rcement ' 
be t te r ca l led ' ove r f i l l ' ) wh ich forms a fa i r l y 
acute angle w i t h the p late surface and in t ro -
duces a stress concent ra t ion which may lower 
jo in t s t rength much more than porosi ty . 
More w i l l have to be said about th is in the 
contex t of fa t igue. 

Standards & Codes 

New and revised Indian Standards and Amend-
ments published dur ing the preceeding month 
of September, 1986 

IS : 8 2 2 - 1 9 7 0 : Codes of procedure for inspect-
ion of welds. 

IS : 2 2 6 - 1 9 7 5 : S t ruc tu ra l Steels (Standard 
Qual i ty ) ( f i f t h revision) 

IS : 8 0 6 - 1 9 6 8 : Code of p rac t ice for use 
of Steel Tubes in general bui ld ing const ruc t ion 
( f i rs t revision) 

IS : 814(Part 2 ) -1974 : Covered e lect rodcs for 
meta l arc weld ing of s t ruc tu ra l steel : Par t 2 
for Welding Sheets ( four th revision). 

IS : 2 0 4 1 - 1 9 8 2 : Steel plates for pressure 
vessels.used at moderate and low tempera ture 
( f i rs t revision). 

IS : 3589-1981 : E lec t r i ca l l y welded steel 
pipes for wa te r , gas and sewage (150 to 
2000 mm nominal size) ( f i r s t revision) 

IS : 6286-1971 : Seamless and welded s t e e l 
pipe for subzero tempera tu re service. 

IS : Buyers' Guide , Part 16 : S t ruc tu ra l and 
Meta ls - Me ta l products. 

IS : Buyers' Guide , Part 17 : S t ruc tu ra l and 
Meta ls -S t ruc tu ra l Steel. 
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Thyristor Controlled Welding Sys 

Single/Double Operator 
Model-MTW-300,400,500 & 600. 

• Sturdy & proven Construction to withstand 
extra ordinary welding environments 

• Fully solid state infinitely variable currnet 
setting over the entire range trom 10 Amps 
to rated current automatic current stabilization 

• Ease of operation No electrode freezing and 
minimum weld cleaning 

• Modular design offers ease of maintenance, 
piug-in system reduces breakdown time to 
minimum and many more features. 

Stepless/Transducting Controlled Arc Welding 
MODEL-MRD 300,400 & 600. 

Specially for Rutile Cellulosic & basic coated 
electodes. use of heavy quoted large dia 
as well as low dia Stainless Steel electrode, 
with feedback arrangements throughout the entire 
range for stability of the arc specially 
for 6010& low hydrogen electrodes .etc 
Also available minimum 10 Amps to rated 
Current. 
Our other well known products Welding 
Transformers, TIG Welding AC/DC Set, Plasma 
Cutting Set, 3'0 Clock Girth Welding Machines, 
Stationery/Portable electrode drying ovens. 

lemco ® 

For further information please write or call 

MIRAJ ELECTRICAL & MECHANICAL CO. 
PVT. LTD. 
M N D ' S o u z a Compound Kherani Road Sakinaka. 
Bpmbay - 400 0 7 2 Tel : 5852.45 5 8 4 1 5 2 5 8 6 0 6 1 C a b l e M I R A J E L E C T 
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