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IMPACT 

There is su f f ic ien t evidence to indicate quite 
re l iably that the e f f ec t of impact at the rates of 
loading normal ly expected in engineering even 
i f they may be fa i r l y fast - say the hammerblow 
of a locomot ive on a bridge or the water hammer 
in a penstock - is no worse than ord inary, slow 
stat ic loading. At explosive rates of loading the 
s i tuat ion changes of course, but this is perhaps 
a rather specialised f ie ld which would not nor-
mal ly concern anybody but the m i l i t a ry engineer. 
Even under impact loading at ordinary engineer-
ing speeds even fa i r l y gross defects in welds in 
mi ld steel w i l l not reduce resistance to f rac ture 
so that the c r i te r ia for accepting defects under 
condit ions of impact need not d i f fe r f rom those 
applied to condit ions of purely s tat ic loading 
provided, of course, that the mater ia l is not notch 
b r i t t l e at the temperature in question. 

BRITTLE FRACTURE 

It is in re la t ion to the risk f rom b r i t t l e f rac ture 
that defects real ly become impor tan t . No case 
of b r i t t l e f rac ture in a welded st ructure has ever 
occurred that did not in i t ia te f rom a weld defec t . 

Having said this i t is important to emphasise 
that we need concern ourselves only w i t h low 
stress b r i t t l e f rac tu re , that is the risk of fa i lure 
by b r i t t l e f rac tu re at stresses lower than the 
design stress, since yield point f rac ture w i l l 
never occur in prac t ice . Stresses producing a 
state of general y ie ld over a very large area of 
the s t ructure w i l l not normal ly occur unless 
a very serious mistake in design calculat ions has 
been made. 

The d is t inc t ion between yield point f rac tu re and 
low stress f rac tu re is impor tant in re la t ion to 
the role of defects. Y ie ld point b r i t t l e f rac ture 
could in i t i a te f rom a defect of su f f i c ien t size 
provided the mater ia l was at a temperature wel l 
below its Charpy V notch t ransi t ion temperature 
whereas low stress b r i t t l e f rac ture requires in 
addit ion the presence of very high residua! 
tensile stresses in the region of the defec t . I t 
fo l lows that even fa i r l y large crack- l ike defects 
perhaps equal in length to the plate thickness 

could be to lerated in a s t ructure that had been 
stress rel ieved and that was not subjected to 
fat igue even i f service temperature of the 
st ructure was below its t ransi t ion temperature. 
To put i t in another way , since for low stress 
b r i t t l e f rac ture to occur there must be : 

(a) a crack- l ike defect (ordinary porosity not 
extended by cracking would not const i tute 
a r isk) ; 

(b) high residual tensile stresses in the region 
of the crack, and 

(c) a service temperature wel l below the 
Charpy V notch t ransi t ion temperature. 

The e l iminat ion of any one of these three factors 
would e l iminate the risk of b r i t t l e f rac tu re . That 
is to say, at a service (or test) temperature above 
the t ransi t ion temperature even large crack- l ike 
defects (provided fat igue is absent) can be 
to lerated and stress re l iev ing is unnecessary. In 
a stress rel ieved s t ructure, defects can be 
to lerated even i f the mater ia l is b r i t t l e and i f 
serious crack- l ike defects are e l iminated, stress 
re l iev ing is unnecessary even i f the mater ia l is 
b r i t t l e . One may go fur ther s t i l l and say that 
stress re l iev ing can be omi ted even in the 
presence of fa i r l y large crack- l ike defects (not 
exceeding plate thickness in length), even in 
mater ia l that is b r i t t l e at the lowest temperature 
reached by the s t ruc ture , provided that (a) the 
s t ructure has been subjected to an over load test 
at a temperature we l l above the Charpy V notch 
t ransi t ion temperature before being put into 
service, and (b) that , at temperatures below the 
t ransi t ion temperatures, applied stresses are 
lower than those experienced in the overload 
test . 

Experience has shown that only elongated crack-
l ike defects present any real danger in re la t ion 
to the in i t ia t ion of b r i t t l e f rac tu re . This is 
because only such defects produce st ra in concen-
trat ions of su f f i c ien t magnitude at their pointed 
ends under normal service loading to make 
b r i t t l e f rac tu re in i t ia t ion possible. 
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FATIGUE 

Fatigue fa i lure is probably the most common 
type of fa i lure in welded construct ion, but only 
a re la t ive ly smal l number of al l such fai lures 
experienced are the d i rec t result of the type of 
weld defect - porosi ty, blow holes, slag 
inclusion, lack of fusion, e tc . - that occurs 
accidental ly and gives r ise to the usual arguments 
between inspectors and cont ractors . Del iberate 
defects such as that which occurs when either 
no weld preparat ion for a but t weld is shown 
on a drawing, or a preparat ion which w i l l permi t 
welding only about hal fway through the plate 
thickness (Fig. 7) are known to have caused 
fat igue fai lures in service. 

The reason, of course, is obvious. In such a 
weld, which hardly deserves the name, the 
abut t ing surfaces of the unwelded part of the 
plate const i tu te an exceedingly sharp and deep 
fissure which under cyc l ic stressing of even qui te 
low magnitude w i l l propagate almost f rom the 
s tar t and penetrate very rapidly through the 
weld. The incomplete penetrat ion bu t t weld 
should be prohib i ted for al l but non-load carry ing 
st ructures. I t is as dangerous in respect of 
b r i t t l e f rac ture as i t is in respect of fa t igue. 

2 
Newman showed that if this type of defect is 
present in c i rcumferen t ia l but t welds of 8.S. 806; 
Class B mi ld steel pipe of 6-5/8 in o.d. and 
3/8 in wal l thickness it would reduce the fa t igue 
st rength in reversed bending for 2 x 10 cycles 
to ± 1.1/4 tons/sq.in which is only between 15 p.c 
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Fig. 8 — Effect of porosity on fatigue strength 
of butt welds. Porosity of 2 p.c. can be tolerated 
without detrimental effect on fatigue strength of 
unmachined butt welds, whereas porosity of only 
1 p.c. would lower fatigue strength of machined 
butt welds (Mild steel). 

Fig. 7 — Incomplete penetration butt weld. 
Many fatigue failures and brittle fractures have 
been initiated by this deliberate defect designed 
into the structure. Such welds should never be 
permitted. 

of the fat igue strength for unwelded pipe (±7.1/2 
tons/sq. in. to ± 11 tons/sq.in. ; mean 8.1/4 tons/ 
sq.in.) and 35 p.c. of the fat igue strength of 
sound but t welds (± 3.3/4 tons/sq.in.). 

Most fat igue fai lures experienced in pract ice, 
w i th the except ion of those due to this part icular 
defect , stem f rom bad design of deta i l and 
this is one of the consequences of our using 
completely outdated methods of design. The 
fat igue resistance of a s t ructure is determined 
by the magnitude of the stress at points of 
stress concentrat ions. General ly, in ordinary 
conventional design methods, we calculate only 
average stresses but ignore the stress concentra-
tions due to such things as abrupt changes in sec-
t ion, sharp corners, at tachments and other discon-
t inut ies. In a r ive ted girder for instance we 
calculate the maximum bending stress-making 
allowance for the loss of cross sectional area due 
to r i ve t holes - but we ignore the fac t that the 
actual maximum stress in the cross section 
where the maximum bending moment occurs 
w i l l be nearly t rebled at the edge of each r i ve t 
hole. From experience ' we know, however, 
that using conventional methods of design 
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Fig. 9 — Fatigue S-N diagrams for butt -welds tested in tension between zero and maximu 
The photographs on the right show the fatigue failures for different types of defect of ir 
Severity (downwards) corresponding to S-N diagrams. 

Fig . 10 — Fat igue strength of butt welds 
diminishes with decreasing angle included 
between tangent to overfill and plate surface. 

and permiss ib le stresses i t is qu i te sa fe to ignore 
this l oca l stress increase and tha t r i v e t e d g i rders 
w i t h c e r t a i n no tab le except ions (such as the 
s t i f f e n i n g truss o f the Manha t t an suspension 
br idge in New Y o r k wh i ch f a i l e d f r o m fa t i gue 
a f t e r 40 years) are reasonably immune f r o m 
fa t i gue f a i l u re fo r a very la rge number o f 
years. 

Welded design, however , may in t roduce much 
more severe stress concen t ra t ions - and not by 
v i r t u e o f de fec ts in the welds - than r i v e t i n g 
and i t is a resu l t o f this f a c t tha t f a t i g u e fa i lu res 
in we lded s t ruc tu res are so c o m m o n . For instance, 
the fa t igue s t reng th for two m i l l i o n cyc les 
o f a we lded p la te g i rder w i t h a cont inuous 
web to f lange w e l d w i l l depend on whether the 
f langes are we lded to the web by cont inuous 
a u t o m a t i c weld ing or by manua l we ld ing w i t h 
i t s i nev i tab le s top -s ta r t po in ts when the e l ec t rode 
is changed. As a resu l t o f t h e s top -s ta r t po ints 
the f a t i g u e s t r eng th o f t he manua l l y we lded 
p la te g i rder w i l l be about 9 tons /sq . in . in t e rms 
o f m a x i m u m bending stress in the f lange and 
tha t o f the a u t o m a t i c a l l y welded g i rder w i t h o u t 
s top -s ta r t po in ts in the web to f lange welds w i l l 
be 11 tons/sq. in . to 12 tons /sq . in . A b u t t weld in 
the f lange may reduce the fa t i gue s t reng th 
to 7 tons /sq . in . and a t ransverse f i l l e t we ld a t t a -
ch ing a s t i f f e n e r to the f lange w i l l reduce t he 
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fa t igue s t rength of the girder f lange s t i l l fu r ther 
to about 5 tons/sq. in. I t is obviously qui te i m m a -
te r i a l to argue about even a serious defec t in 
the bu t t weld of the f lange i f r i gh t next to this 
bu t t weld there is a transverse f i l l e t weld 
across the f lange. Cont inuous lack o f root 
fusion (DB10 in F ig . 9), the most serious de fec t 
by f a r , w i l l reduce the fa t igue s t rength of 
the bu t t weld to only 6 tons/sq. in. which is 
not as large a reduc t ion as that produced by 
the transverse f i l l e t weld. 

De fec ts , in as far as they produce stress con-
cent ra t ions, lower the fa t igue s t rength o f welded -
jo in ts . , However , i t does not fo l l ow f r o m this 
f ac t t ha t , in s t ructures subjected to fa t igue, 
defects in welds cannot be to le ra ted . The dia-
gram in F ig . 8 i l lus t ra tes the resul ts o f fa t igue 
tests car r ied out on bu t t welds w i t h d i f f e r i ng 
degrees o f poros i ty . Al though the fa t igue s t rength 
fa l ls w i t h increasing porosi ty the d iagram shows 
t ha t porosi ty less than 2 p.c. could be to le ra ted 
in an unmachined bu t t weld w i t h the o v e r f i l l 
l e f t on, whereas, o f course, porosi ty o f only 
1 p.c. would reduce the fa t igue st rength o f 

a machined bu t t weld by 6 tons/sq. in. f r o m 
16 tons/sq. in. to 10 tons/sq. in. 

What decides whether a de fec t can be to le ra ted 
is the actua l stress exist ing at the point where 
the defect occurs. If the fa t igue s t rength of the 
weld for the appropr iate number of cycles that 
the s t ruc tu re is expected to surv ive, even 
w i th this de fec t , does not fa l l below the stress 
known to exist at the par t i cu la r point there 
is no reason to remove the de fec t . 

It must be remembered in this contex t that in 
design for fa t igue one cannot use a safety fac tor 
by choosing a permissible stress which is only a 
f rac t ion o f the fa t igue s t rength . If i t is known 
tha t the fa t igue s t rength of a bu t t weld f ree f r om 
defects and w i th the o v e r f i l l machined o f f is 
16 tons/sq. in. for two mi l l i on cycles, there 
is no reason why this f igure should not be used 
in design. Safety lies in the f ac t tha t fa i lu re 
w i l l not take in less than 2 m i l l i on cycles. I f 
on the other hand a stress lower than 16 tons/ 
sq.in. is used in design for some other reason 
than fa t igue, a weld comple te ly f ree f r o m 
defects need not be insisted on. If one chooses 

Fig. 11 — Fatigue crack in 
circumferential pipe weld 
starting from root overfill. 

F i g . 12 — F a t i g u e c r a c k in c i r c u m -
f e r e n t i a l b u t t w e l d of p i p * s t a r t i n g 
f r o m n o t c h b e t w e e n b a c k i n g r i n g a n d 
p i p e w a l l . 

213 I N D I A N W E L D I N G J O U R N A L , A P R I L , 1987 



such high design stresses, one must, of course 
be certain that the number of cycles of maximum 
load has been correctly estimated for the 
l ife of the structure. Lower design stresses 
may have '•o be used, perhaps because the 
structure may very occasionally have to with-
stand an overload equal to twice the normal 
design load. This would not be expected to 
produce fatigue. If it were only experienced 
a few times during the life of the structure ; 
nevertheless in this case the design stress 
for normal loading might have to be reduced 
to 8 tons/sq.in. However, if it is, fairly severe 
defects may be tolerated in the butt weld 

as is evident in Fig. 9 (Newman and Gurney ). 
On the right are shown the fracture surfaces of 
butt welds containing various types of defects 
typified by numbers DIB3 to DIB10 and on 
the left are given the S-N diagrams - that 
is, stress versus number of cycles to failure -
obtained experimentally for these joints. Inclu-
ded in the diagram are two further lines giving 
the fatigue strength for defect-free welds 
both with the overfill left on and machined 
of f . The three dotted lines give the permissible 
stress levels in the British Standard for Steel 
Girder Bridges (B.S. 153) for three classes of 
butt welds (see the accompanying Table). 

Definition for Classes A, D and E butt welds (B.S. 153) 

D 

(i) Plain steel in the as-rolled con- Members fabricated with Members fabricated with 
dition with no gas cut edges. full penetration transverse transverse butt welds, other 

butt welds having the than previously mentioned, 
weld reinforcement dressed or with transverse butt welds 
flush and with no under- made on a backing strip, 
cutting. 

(ii) Members fabricated with continu-
ous full penetration longitudinal 
or transverse butt welds with the 
reinforcement dresse flush with 
the plate surface and the weld 
proved free from defects by non-
destructive examination, provided 
also that the members do not have 
exposed gas cut edges. 

Welds shall be dressed flush by 
machining or grinding, or both 
which shall be finished in the 
direction parallel to the direction 
of the applied stress. 

Members with continuous 
longitudinal fillet welds 
with start-stop position 
within the length of the 
weld. 

Members fabricated with 
full penetration cruciform 
butt welds. 

(iii) Members of mild steel to 
B.S. 15 (mild steel for 
general structural purpo-
ses) or B.S. 2762 (notch 
ductile steel for general 
structural purposes) fabri-
cated or connected with 
rivets or bolts. 
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metier 
F o r f u r t h e r i n f o r m a t i o n p l e a s e w r i t e o r ca l l 

MIRAJ ELECTRICAL & MECHANICAL CO. 
PVT. LTD. 
M . N D ' S o u z a C o m p o u n d K h e r a n i R o a d S a k i n a k a . 

B o m b a y 4 0 0 0 7 2 T e l 5 8 5 2 4 5 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 

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 ot 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 
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I t w i l l be seen t h a t for Class A design stresses, 
p e r f e c t b u t t welds w i t h r e i n f o r c e m e n t mach ined 
o f f are essent ia l but tha t a l l manner o f de fec ts -
except cont inuous lack o f fus ion - a re acceptab le 
for Class E for 2 m i l l i o n cyc les . For less than 
2 m i l l i o n cyc les even t h a t de fec t is acceptab le 
a t a much higher design stress. 

It is p a r t i c u l a r l y i r r i t a t i n g in r e l a t i o n to the 
who le a rgument about de fec ts t ha t i t focuses 
a t t e n t i o n on de fec ts revea led by non -des t ruc t i ve 
tes t i ng - po ros i t y , slag inc lus ions, e t c . - bu t 
c o m p l e t e l y ignores those tha t one can see 
just by look ing at the j o i n t , but wh ich , for 
no e a r t h l y reason, are assumed not to m a t t e r . 

In another i nves t i ga t i on ca r r i ed out by Newman 
and Gurney on the e f f e c t o f t he ang le f o r m e d 
be tween the p la te sur face and the o v e r f i l l 
they have shown (F ig . 10) t ha t the f a t i gue 
s t reng th o f p e r f e c t , d e f e c t - f r e e b u t t welds 
may va ry be tween 6 tons /sq . in . for an angle 
o f 120° to 11 tons /sq . in . for an angle of be tween 
140° to 160°. Compar ing these f igures w i t h 
the S - N curves in F ig . 9 i t is obvious t h a t 
i f such an acu te angle as 120° is t o l e r a t e d 
for any b u t t we ld one can t o l e r a t e also at 
the same t i m e the cont inuous lack o f r o o t 
fus ion de fec t w i t h o u t reduc ing the f a t i g u e 
s t reng th to be low 6 tons /sq . in . and even for 
an angle o f 160° one can st'11 t o l e r a t e some 
f a i r l y h e f t y s lag inc lus ions. 

Newman in the i nves t i ga t i on on the fa t i gue 
s t r e n g t h o f bu t t welds in pipes a l ready men t ioned 
found that f a t i gue f a i l u r e i nva r i ab l y s t a r t e d 
f r o m the r o o t o f the weld (F ig . 11 and F i g . 12) 
i r r espec t i ve o f whether or no t a back ing r ing 
was used and whether the r o o t o f the we ld 
was mach ined or no t . Any add i t i ona l de fec ts , 
even such gross de fec ts as those shown in 
F ig . 13, had no e f f e c t in l owe r i ng the f a t i gue 
s t reng th any f u r t h e r . In one pa r t i cu la r case 
where f a t i g u e f a i l u r e s t a r t e d f r o m the r o o t 
o f t he we ld the lack o f s i dewa l l fus ion d e f e c t 
shown in F i g . 14 was found a f t e r the broken 
spec imen was examined and even this very 
ser ious d e f e c t could not compe te w i t h the 
o v e r r i d i n g e f f e c t o f t h e stress concen t ra t i on 
in the p e r f e c t l y sound and no rma l r oo t o f 
the b u t t we ld . 

In assessing the f a t i gue reduc ing e f f e c t o f 
de fec ts in welds one must consider f i r s t and 
fo remos t the ove ra l l f a t i gue s t reng th o f the 
s t r uc tu re or componen t . Fa t igue f a i l u r e w i l l 
s t a r t f r o m the most sens i t ive point and this 
may no t be - and ve ry r a r e l y is - a we ld d e f e c t . 
The r o l l e d sur face o f the p la te i t s e l f produces 
a r e d u c t i o n in f a t i g u e s t reng th f r o m 20 tons /sq . in . 
to 16 tons/Sq. in (F ig . 10), the o v e r f i l l o f the 
b u t t we ld produces a f u r t he r r e d u c t i o n and 
so w i l l any t race o f unde rcu t . What stress 

concen t ra t i on e f f e c t s may be produced by 
de fec ts may be s imply swamped by the e f f e c t 
of o the r stress concen t ra t i ons . 

If however , t he re are no o the r stress c o n c e n t r a -
t ions than those due to the we ld de fec t even a 
single sma l l sub-sur face pore may produce 
fa t i gue fa i lu res and reduce fa t i gue s t reng th . In 
a very extens ive i nves t i ga t i on o f the p rob lem 
where mach inery shaf ts r e c l a i m e d by weld ing 
f requen t l y f a i l f r o m fa t i gue very soon a f t e r they 
have been put into se rv i ce . Dawes found tha t 
fa t i gue fa i l u re in 0.32 p .c . C s tee l sha f ts r e c l a i -
med by we ld ing and mach ined would take place 
(at ten m i l l i o n cyc les) a t be tween ± 9.5 tons / 
sq. in . to + 11.5 tons /sq . in . r o t a t i n g bending 
fa t i gue stress, wh ich he es t ima ted to be on ly 
about 65 p.c. of the f a t i gue s t reng th of the 
o r i g i n a l mach ined but unwelded sha f t , and 
tha t f a t i gue fa i l u re wou ld o r i g i n a t e even f r o m 
a single sma l l pore as t ha t shown in F ig . 15. 

Fig. 13—Gross defects in circumferential butt weld in 
pipe had no effect on bending fatigue strength. (Pressure 
strength may. of course, be reduced.) 

Fig. 14—Lack of sidewall fusion in circumferential butt 
Held in pipe had no effect on bending fatigue strength of 
pipe. Fatigue failure started from perfectly normal and 
acceptablc »eld root. 
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Fig. 15—Fatigue failure starting from small sub-
surface pore in experimental shaft reclaimed by 
welding the shaft prior to "reclamation" was, of 
course, virgin material and bad not suffered any 
previous fatigue. 

This is rot really surprising when it is remembe-
red that a small pore will locally produce a 
stress concentration of nearly three and that 
if this is the only stress concentration present 
in the whole of the shaft fatigue failure will 
start from this pore and the fatigue strength 
of the shaft will be reduced, though as will 
be observed not to a third of the strength 
i.e. not proportionately to the stress concentra-
tion factor. 

A few examples presented in this survey illus-
trate the complexity of the general problem 
of tolerance levels for defects in welded struc-
tures. The subject is more complex even that 
has been indicated because the position of 
the defect in relation to the surface of the 
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joint is important in joints made in thicker 
material. The location of defect in a field 
of residual stresses, whether tensile or compre-
ssive, may influence the e f fec t of the defect 
both on fatigue strength and brittle fracture 
strength. However, to make decisions on accep-
ting or rejecting welds by ignoring all the 
exper imenta l information now available is 
most unscientific and puts the engineer in 
the same class as the medicine man of a 
primitive tribe. Admittedly a great deal more 
experimental information is needed but enough 
is available already to show that the importance 
attached to certain types of defect is frequently 
grossly exaggerated and may in fact divert 
attention from other undesirable features in 
design and execution. 
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