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I N T R O D U C T I O N 

Indian railways are today one of 
the la rges t users of w e l d i n g 
c o n s u m a b l e s in the coun t r y , 
through welding as a fabrication 
tool was recognised only in the 
fift ies with the sett ing up of the 
production units e.g. Chittaranjan 
Locomotive works, Integral Coach 
Factory, Madras and Diesel Lo-
comot ive Works, Varanasi under 
foreign collaborations. After about 
15 to 20 years of service, some 
of the f a b r i c a t e d c o m p o n e n t s 

started showing fatigue failures. 
Some repair practices were intro-
duced in the sheds and sicklines. 
The welds would stand for few 
days and then give way. These 
repairs had been made with popu-
lar fallacies, some of which die 
hard while some got removed in 
course of t ime , when 
specia l isat ion in welding came 
info the picture. 

Plea for qual i ty consc iousness 
and productivity in structural fab-
rications has been expressed by 

all concerned. The poor quality in 
welding has been due to faulty 
design (30%), poor workmanship 
(30%) improper quality of mate-
rial and consumables (20%) weld 
reliability (10%) and wrong weld-
ing procedure (10%). 

Since faul ty de isgns and poor 
workmanship cater to max imum 
percentage for poor weld quality, 
this paper deals upon these two 
fac tors wi th few case studies, 
which relate mainly to fatigue fail-
ures. 
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Fig 1 : Showing fatigue phenomenon 
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Fig 2 Showing typical cracks at Bigic frames 

The facts of fatigue 

A c o m p o n e n t o r s t r u c t u r e w h i c h 

s u r v i v e s a s i n g l e a p p l i c a t i o n of 

l oad m a y f r a c t u r e if t he a p p l i c a -

t i on is r e p e a t e d m a n y t i m e s . T h i s 

w o u l d be t e r m e d as f a t i g u e w h i c h 

c a n be d e f i n e d as t h e n u m b e r o f 

c y c l e s tha t o c c u r b e f o r e c r a c k i n g 

a n d h e n c e t h e t i m e t a k e n t o 

r each a p r e d e f i n e d f a i l u r e c r i te -

r ion. 

T h e d e s i g n e r ' s o b j e c t i v e is to an -

t i c i p a t e t h e s e q u e n c e of s e r v i c e 

l o a d i n g t h r o u g h o u t t h e s t r u c t u r e ' s 

l i fe. T h e m a g n i t u d e of t h e p e a k 

load, w h i c h is v i t a l f o r s t a t i c d e -

s i g n p u r p o s e s , is g e n e r a l l y o f 

l i t t le c o n c e r n as it o n l y r e p r e s e n t s 

o n e c y c l e in m i l l i o n s . L o a d i n g s 

a re u s u a l l y s i m p l i f i e d in to a l oad 

s p e c t r u m , w h i c h d e f i n e s a s e r i e s 

o f b a n d s of c o n s t a n t l oad l e v e l s 

a n d t h e n u m b e r o f t i m e s t h a t 

e a c h b a n d is e x p e r i e n c e d ( F i g u r e 

1). In any w e l d e d j o i n t t h e r e a re 

f e w po ten t i a l l o c a t i o n s at w h i c h 

f a t i g u e c r a c k s m a y d e v e l o p . 

T h e s e are at t he w e l d t oe in e a c h 

of the two pa r t s j o i n e d , at t h e t w o 

e n d s a n d in t he root b e s i d e s at 

t h e w e l d i tse l f . 

Cracked underframes of DC 
Electric Locomotives 

D C e lec t r i c l o c o m o t i v e s a re oper -

a t e d on l y in B o m a b y G h a t sec -

t i ons . T h e s e l o c o m o t i v e s , bui l t by 

C h i t t a r a n j a n L o c o m o t i v e W o r k s 

w i t h i n d i g e n o u s d e s i g n s w e r e put 

i n t o s e r v i c e in 1 9 6 1 . Bu t a f t e r 

abou t t w e n t y two yea rs s e r v i c e , 

c r a c k s w e r e no t i ced at t he a i rduc t 

o p e n i n g s , l o n g i t u d i n a l b e a m s as 

w e l l as at t h e c r o s s m e m b e r s of 

t h e u n d e r f r a m e s at t h e c e n t r e 

po in t l o c a t i o n s on both t h e c a b 

e n d s ( F i g u r e 2) . S t i f f e n e r p la tes 

w e l d e d at t h e s e o p e n i n g s h a d 

a l s o c r a c k e d . F e w o t h e r d e v i a -

t i o n s w e r e a l s o n o t i c e d in t h e 

o p e n i n g s f o r t h e a i r d u c t s m a d e 

on the w e b p l a t e s w h i c h w e r e t o o 

b ig w i t h s h a r p f i l l e t r a d i u s at t h e 

c o r n e r s . T h e s e d e v i a t i o n s t he re -

f o re , had c o n t r i b u t o r y e f f e c t s to-

w a r d s t h e c r a c k f o r m a t i o n . 

O n i n v e s t i g a t i o n of t h e c r a c k s af -

te r o p e n i n g ou t , t h e f a i l u r e s w e r e 

f o u n d to h a v e o r i g i n a t e d at t h e 

c o r n e r s w h e r e t h e s t i f f e n e r p l a t es 

w e r e w e l d e d o n the d u c t o f t he I-

Beam' . T h e f r a c t u r e w a s p r o g r e s -

s i v e in n a t u r e a n d a d v a n c e d to -

w a r d s t h e f l a n g e p o r t i o n . T h e 

n u c i e l o f t h e p r o g r e s s i v e - ' z o n e s 

w e r e s i t u a t e d at t h e w e l d w h e r e 

w e l d i n g d e f e c t s l i ke u n d e r c u t s , 

v o i d s l a g i n c l u s i o n s e tc . w e r e ob-

s e r v e d . U n d e r c u t s / v o i d s of d i f f e r -

en t d e g r e e w e r e a l so o b s e r v e d on 

o t h e r w e l d e d a re as of t h e s t i f f -

e n e r p la tes . 

T h e m a t e r i a l s fo r bo th t h e b e a m 

a n d t h e p l a te c o n f o r m e d to m i l d 

s tee l , t h e c h e m i s t r y a n d t h e m e -

c h a n i c a l p r o p e r t i e s b e i n g as fo l -

l o w s 

C h e m i c a l c o m p o s i t i o n 

Beam Plate 
c % 0.20 0.21 
Mn% 0.65 0.68 
Si% 0.11 0.11 
S% 0.042 0.040 
P% 0.040 0.038 

M e c h a n i c a l p r o p e r t i e s : 
UTS (Kg/mm2) 48.0 49.0 
Elongation % 25.0 24.0 

T h e m i c r o s t r u c t u r e o f o n e of t he 

w e l d s r e v e a l e d m e d i u m g r a i n e d 

fe r r i t e pea r l i t e . 
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It can be s e e n tha t t he re w a s 

s o m e lacuna in the qua l i ty of the 

we lds of the h igh ly dynam ica l l y 

loaded s t ruc ture of the locomo-

t ives. T h e repai rs i nvo l ved exten-

s ive we ld ing . S ince th i s sort of 

repair p rac t ices w a s fo r the f irst 

t i m e in t he ra i lway no code or 

we ld ing p rocedure w a s ava i lab le . 

W e had, there fo re , to e v o l v e one 

such p rocedure keep ing in m ind 

the d i f f e ren t na ture of s t resses 

coming on the we lds , W e had to 

qua l i fy the we lde rs also accord-

ing ly , pa r t i cu la r l y in v e r t i c a l - u p 

and o v e r h e a d posi t ions, as most 

of the w e l d m e n t s had to be done 

in these pos i t ions. 

In order to carry out the repair 

work , it was necessary to run out 

the bog ies and suppor t the loco-

mo t i ve body at the j ack i ng points 

af ter c leaning the bot tom of the 

u n d e r f r a m e s f r o m t h e p i p e s 

cables etc. The locomot i ve was 

suppor ted in such a way so that 

t he j o i n t s be ing m a d e , d u r i n g 

we ld ing , do not get stressed. Al l 

e lect r ica l and mechan ica l equip-

ments , f loor plates, t ract ion mo-

tor etc. had to be removed . The 

u n d e r f r a m e s w e r e t h e n o n c e 

again inspected and all the smal l / 

b ig c r a c k s are i d e n t i f i e d . T h e 

t ransverse centre l ine of the p ivot 

and longi tud inal centre l ine o f t h e 

l ocomo t i ve was also indent i f ied 

and marked. 

Preparat ion of d i f ferent members 

i .e. l ong i tud ina l I - b e a m s , c ross 

m e m b e r s and top plates had to 

be made separate ly prior to tak-

ing up weld ing. 

Top Plates 

The top plates of the under f rames 

were oxy-cu t as per the d imen-

s ions requi red. The cross m e m -

bers be tween the long i tud ina l I-

b e a m a n d s i d e c h a n n e l w e r e 

sepera ted by oxycu t t ing f r om the 

long i tud ina l I - b e a m wi thou t dam-

a g i n g t h e s i d e c h a n n e l s . T o p 

p lates of p roper d i m e n s i o n s were 

p l a c e d in i ts pos i t i on and butt 

we lded wi th the ex is t ing one. In-

te rmi t ten t f i l let we ld ing was car-

r ied out for f i x ing the top plates 

wi th the under f rames . Plug we lds 

were a lso m a d e to hold the plates 

onto the I - beams and also cross 

m e m b e r s , In add i t ion to the f i l let 

we lds on outer s ide of I - beams 

and c ross m e m b e r s . A l l t h e s e 

we ld ing were done a f ter the 

— H > p 
BUTT WELD PREPARATION 

6 MAXEUP PLATE 
5 MAKEUP PLATE 
A STRENGTHEN INC fLATC 

C l O t S MEMBER 
Z X- BEAM 
i SUPPORT PLATE 

Cf f DESCRIPTION 

SECTION A A 

Fig : 3 Sketch showing joints of I-beam support and stiffening plates 
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repa i r s of the l o n g i t u d i n a l and 

cross m e m b e r s . 

Longitudinal I -beam 

The I - beams were oxycut one by 

one and sepera ted f rom the bot-

t o m s lab w i thou t d a m a g i n g the 

latter. The edges of the remnan t 

I -beam were d ressed up and pre-

pared for we ld ing . The jo in ts of 

the I - b e a m s were m a d e inc l ined 

at 30" to the ver t i ca l ins tead of 

straight to ach ieve i m p r o v e d jo in t 

s t rength i.e. in case of a point 

loading at the we ld , there wi l l be 

suf f ic ient parent me ta l be low the 

we ld (F igure 3). 

The f in ished length of the f resh 

I beam and its prof i le were made 

in such a way to g i ve spec i f ied 

root gap be tween the I - beams for 

we ld ing. Adequa te care had been 

t a k e n to ensure tha t the c ross 

m e m b e r s come at the spec i f ied 

l o c a t i o n . T h e I - b e a m s w e r e 

we lded with each other using the 

s p e c i f i e d p r o c e d u r e and t h e s e 

beams were then we lded wi th the 

bo t tom plate. 

Cross Members 

T h e cross m e m b e r s w e r e a lso 

sepera ted f rom the bot tom plate 

as wel l as the side channels . The 

new air-duct openings were made 

on t he c h a n n e l s and s t i f f e n e r 

p lates were we lded around these 

o p e n i n g s . T h e c ross m e m b e r s 

were f i t ted one by one wi th per-

fect a l l ignment . The side channel 

was we lded wi th the bot tom plate 

and the I -beams. 

Welding Details 

W e l d a b l e qual i ty s t ructure steels 

con fo rm ing to IS : 2062 specn 

were used for repairs. Low Hydro-

gen type basic coated e lec t rodes 

hav ing better duct i l i ty and impact 

proper t ies and also approved by 

R D S O under rad iographic qual i ty 

work were used. Al l the butt we lds 

were made by using s ingle " V " 

jo in t whi le the f i l let we lds were 

made wi th 6 m m fi l let s ize. Dif-

f e r e n t w e l d i n g p o s i t i o n s w e r e 

used. Stray arc ing was avo ided. 

Inter-pass c lean ing also was en-

s u r e d . E d g e d i s t a n c e c r i t e r i o n 

was main ta ined i.e. to l imit the 

possibi l i ty of local stress concen-

t ra t ions occur ing at the unwelded 

edges, cont inuous we ld ing were 

carr ied out. Notches, undercuts , 

s lag inc lus ions, poros i t ies etc. all 

v i s i b l e w e l d i n g d e f e c t s w e r e 

avo ided . Be fo re p lug we ld ing , the 

holes we re p repared wi th counter 

s ink ing and the f i rst fun was made 

w i th s l ight ly h igher current . Dur-

ing the ent i re we ld ing or cool ing 

cyc le , the jo in ts and par ts were 

not s u b j e c t e d to any s h o c k or 

stress. Proper we ld ing sequences 

as s tandard ised ear l ier were fol-

lowed to avo id d is tor t ion. The re-

in fo rcements of butt we lds were 

g round f lush. 

Inspection and Testing 

Al l the w e l d m e n t s we re usual ly 

e x a m i n e d a f ter p roper c lean ing. 

A l l the butt we lds we re sub jec ted 

to rad iograph ic examina t i on . The 

f i l let we lds we re sub jec ted to dye-

penet rant inspect ion . There was 

pract ica l ly no d is tor t ion a f ter re-

pair we ld ing . 

Fig 5 . Welding defect in attach-
ment of bearing spring hanger 

bracket (Centre) 

INDIAN WELDING JOURNAL, JULY, 1994 
19 



Cracked load pads 
of AC Electric 
locomotives 

The load pads were sub jec ted to 

f i l let we lds w i th the under f rames . 

But these pads s tar ted c rack ing 

in course of se rv i ce af ter about 

f i ve years. On inves t iga t ions , it 

was obse rved that insuf f ic ien t fi l-

let size toge the r w i th insuf f ic ient 

fus ion were the ma in reasons of 

f a i l u re . T h e w e l d i n g p r o c e d u r e 

there fo re was mod i f i ed . 

The load pads w e r e s e p e r a t e d 

f rom the unde r f r ame by goug ing 

e lec t rodes du ly ensur ing that the 

under f rame plate was not d a m -

aged. The remnan t of we ldmen t 

on the unde r f rame was removed . 

The load pad was mach ined to 

s ingle 'J ' , p reparat ion. Low hydro-

gen t ype e lec t rodes (3.15 m m ) 

hav ing i m p r o v e d impac t property 

and a p p r o v e d by R D S O unde r 

class C„ were used for the root 

run. Subsequen t runs were g iven 

by 4.0 m m dia of the same elec-

t r o d e s . W a n d e r i n g s e q u e n c e s 

were fo l l owed af ter d iv id ing the 

load pad we ld area into four sec-

to rs , P r o p e r i n t e r p a s s c l e a n i n g 

w a s e n s u r e d . T h e w e l d m e n t 

should be f ree f r o m we ld ing de-

fects. wh ich were tes ted by mag-

netic c rack de tec tors . 

Bogie Frames of 'Box' 
Wagons 

BOX' type w a g o n s are of we lded 

des ign and in t roduced in late f i f-

t ies . A f t e r f ew y e a r s ' s e r v i c e , 

h o r n - g a p s t i f f e n e r s , so l ep la tes , 

hanger brackets , t r i m m e r assem-

b l i e s e t c . w e r e f o u n d to be 

cracked. Invest igat ions have re-

vea led that the weld fa i lures were 

due to :-

(1) Unsat is factory f i t -up prior to 
weld ing 

(2) W e l d s u r f a c e i r r egu la r i t i e s 
a n d p r e s e n c e of c r a t e r / 
cracks. 

(3) We ld ing defects like under-
cut, slag inclusions, lack of 
penetrat ion, porosi t ies etc. 

(4) D i s c o n t i n u i t y in w e l d e d 
seams and unders ize weld-
ing. 

Few of the above cases are de-

scr ibed as fo l lows : 

Weld Defects in Horn-Gap 
Stiffeners 

Figure 4(a) shows the we ld ing de-

fect in h o r n - g a p and crack at the 

sole plate. It also shows the back-

ing str ip used for the repair of the 

cracks. The root of the init ial butt 

jo in t be tween the bent s t i f fener 

plate and the st ra ight str ip was 

not proper ly fused, wh ich led to 

the c r a c k i n g of the so le p la te. 

W i t h o u t r e m o v i n g t h e e n t i r e 

crack, inspi te of mak ing the ar-

rester hole a back ing st r ip was 

used and then we ld ing was car-

r ied out as per F igure 4(b) . But 

t h e s e d e f e c t s w e r e s u r f a c e d 

again af ter s o m e years ' serv ice. 

The ent i re p rocedure for rehabi l i -

[.Hfrrxs K: Dnr.lE HUXSrw 

Fig 6 : Sketch showing cracks at the web plate at the 
junction of butt and fillet welds 
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t a t i o n w a s l a t e r c h a n g e d . T h e 

bu t t - jo in ts w e r e p roper l y m a d e af-

te r g o u g i n g the root run f r o m the 

oppos i te s ide and t hen the c rack 

at the so le p la te w a s c o m p l e t e l y 

r e m o v e d s t a r t i n g f r o m t h e ar -

rester ho le .S ince the g a p at t he 

c racked area w a s near abou t 5-6 

m m , w e had to use the back ing 

str ip, w h i c h w a s a lso w e l d e d by 

con t i nuous s e a m a f te r the c rack 

w a s repa i red . M M A W wi th low hy-

d r o g e n t y p e e l e c t r o d e s w e r e 

used. In te rpass c l e a n i n g w a s en-

sured . In t h e la te r f a b r i c a t i o n s , 

the d e s i g n w a s c h a n g e d as per 

the i.e. the bent s t i f f ene r s t r ip w a s 

l e n g t h e n e d by 25 m m on e i ther 

s ide so that the but t jo in t can be 

m a d e w i t h equa l w i d t h m e m b e r s . 

S p r i n g H a n g e r B r a c k e t 
( C e n t r e ) 

Figure 5 shows one spr ing hange r 

b r a c k e t a t t a c h m e n t . T h e f i l l e t 

we lds here w e r e c rack ing . O n in-

spec t ion of the cracks, it w a s ob-

se rved that the f i l let we ld we re 

not p rope r l y e x e c u t e d . T h e at-

t a c h m e n t p late w a s reve l led as 

per the ske tch and f i l let we lded . 

It w a s also ensured that the m e m -

bers to be w e l d e d were proper ly 

m a t c h e d against each other wi th-

out any gap in between. Each end 

of the f i l let we lds was fu l ly we lded 

and w i thout any no tch due to bad 

c r a t e r s . T h e leg l e n g t h s w e r e 

ma in ta i ned un i fo rm. 

The f i l let we lds i n the a t t achmen ts 

of the spr ing hanger b racke ts at 

the head s tock ends we re also 

s im i la r l y rect i f ied. 

B o g i e T r a n s o m 

Crack ing had taken p lace at the 

we ld p late (F igure 6) at the j unc -

t ion of the butt and f i l let we lds , It 

w a s obse rved that e i ther the butt 

we lds are left unwe lded r ight un-

der the f i l let we lds or t r iax ia l jo in ts 

h a d b e e n m a d e . T h e j u n c t i o n 

t he re fo re had ac ted as a no tch or 

s t ress ra iser . In such fab r i ca t i ons , 

w h e r e m e m b e r s w e r e s u b j e c t e d 

to h i gh l y d y n a m i c s t r e s s e d , an 

open ing mus t be left in t he ver t i -

cal p la te to a v o i d the t r iax ia l j unc -

t ions or u n d e r w e l d e d butt jo in ts . 

A c c o r d i n g l y , a w i n d o w w a s pro-

v i d e d on the ve r t i ca l m e m b e r jus t 

o v e r the butt we ld . 

C O N C L U S I O N S 

T h r o u r g h the s i m p l e butt and fi l-

let we lds can be e x e c u t e d eas i ly , 

but in w e l d i n g of s u c h s t ruc tu res 

s u b j e c t e d to d y n a m i c load ing and 

fa t igue , w e l d i n g has to be car r ied 

ou t in a p r o p e r m a n n e r . Inad-

equa te s t a n d a r d s of w o r k m a n s h i p 

or d e s i g n a s p e c t s g i v e r ise to 

no t ches , c r a c k s s l ag i n c l u s i o n s 

etc. we ld d e f e c t s and s t ruc tu ra l 

d i s c o n t i n u i t i e s w h i c h ac t as 

" s t r e s s r a i s e r s " h a v e to be 

avo ided . 

READERS' FORUM 
T h e I n d i a n I n s t i t u t e o f W e l d i n g Is i n t r o d u c i n g READERS' F O R U M f o r i n c r e a s i n g i n t e r e s t 
o f t h e R e a d e r s ' in T h e I n d i a n W e l d i n g j o u r n a l t o w a r d s e s t a b l i s h i n g d i r e c t c o m m u n i c a -
t i o n w i t h o u r v a l u a b l e r e a d e r s . 

T h e G o v e r n i n g C o u n c i l o f t h e I n s t i t u t e has a lso se t u p a n E d i t o r i a l B o a r d t o w e l c o m e 
y o u r v i e w s o n T h e I n d i a n I n s t i t u t e o f W e l d i n g f o r s o l v i n g s o m e o f y o u r p r o b l e m s a s w e l l 
to i m p r o v e f u r t h e r t h e e f f i c i e n c y o f t h i s o r g a l n s a t i o n . 

Y o u a r e a l s o w e l c o m e t o a d v e r t i s e y o u r p r o d u c t p o r t f o l i o t h r o u g h I n d i a n W e l d i n g Jour -
n a l w h i c h Is b e i n g r e g u l a r l y c i r c u l a t e d a m o n g s t 3 0 0 0 w e l d i n g p r o f e s s i o n a l s t h r o u g h -
o u t t h e c o u n t r y . T h e a d v e r t i s e m e n t t a r i f f Is e n c l o s e d a t t h e e n d o f t h i s j o u r n a l . 

W e s h a l l l o o k f o r w a r d f o r y o u r a c t i v e p a t i c i p a t i o n i n t h e R e a d e r s ' F o r u m 

K . K . T A N D O N 

H o n y . S e c r e t a r y 

INDIAN WELDING JOURNAL, JULY, 1994 
21 


