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INTRODUCTION 

T h e k n o w l e d g e of t he na ture and 

m a g n i t u d e s o f r e s i d u a l s t r e s s 

(RS.) in a w e l d jo in t is impo r tan t 

fo r a v o i d i n g d is to r t i ons and pre-

m a t u r e f a i l u res . Bo th ana l y t i ca l 

and e x p e r i m e n t a l t e c h n i q u e s are 

used for ge t t i ng i n f o r m a t i o n on 

R S d i s t r i b u t i o n s [ 1 , 2 ] . S i n c e 

t h e o r i t i c a l c a l c u l a t i o n s a re not 

easy , and a lso because the cal -

c u l a t e d v a l u e s requ i re v e r i f i c a -

t i o n s , e x p e r i m e n t a l d e t e r m i n a -

t ions of R S p ro f i l es are essent ia l . 

S t ra in g a u g e ho le d r i l l i ng t ech -

n ique can be used to m e a s u r e 

sub -su r face RS, s t ra in g a u g e d is-

sec t ion t e c h n i q u e can be used to 

m e a s u r e t h e t h r o u g h t h i c k n e s s 

R S va r i a t i on . T h e s e t e c h n i q u e s 

are des t ruc t i ve , t i m e c o n s u m i n g 

and requ i re a ca re fu l ana lys is of 

t h e d a t a f o r r e l i a b l e r e s u l t s . 

T h e r e f o r e , n o n d e s t r u c t i v e t ech -

n iques are p re fe r red for res idua l 

s t r e s s m e a s u r e m e n t s . T h e 

n o n d e s t r u c t i v e t e c h n i q u e s e m -

p l o y e d t o o b t a i n t h e r e s i d u a l 

s t ress p r o f i l e s a c r o s s the w e l d 

jo in ts we re : 

(1) X - ray d i f f r ac t i on t e c h n i q u e 

(3) M a g n e t o m e c h a n i c a l acous t i c 

em iss ion techn ique of M A E (also 

k n o w n as A c o u s t i c B a r k h a u s e n 

noise analys is) . In th is study, RS 

m e a s u r e m e n t s in 8 m m and 12 

m m th ick mi ld steel we ld jo in ts in 

as w e l d e d cond i t ion and a f te r an-

nea l ing at 873 K for two hours 

were car r ied out. 

Specimen Preparation 

Hot ro l led IS 226 mi ld steel p la tes 

were used for the prepara t ion of 

we ld pads. The butt we ld jo in ts 

we re p repared by manua l meta l 

a rc ( M M A ) w e l d i n g p r o c e s s in 

s ing le g roove we ld des ign us ing 

7018 e lec t rodes. The we ld jo in t 

con f igura t ion for 12 m m plate is 

s h o w n in F igu re 1. T h e 8 m m 

th ick we ld jo in t had the s a m e con-

f i g u r a t i o n as t h e 12 m m j o i n t . 

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

be tween the u l t rason ic p robe and 

the test su r face is ve ry impor tan t , 

t he w e l d c rowns we re m a c h i n e d 

f lush w i th the base me ta l . F lat 

reg ions were a lso necessa ry for 

pos i t ion ing the m a g n e t i c yoke for 

M A E s tud ies . For X R D measu re -

m e n t s , t he m e a s u r e m e n t spo t s 

w e r e e l e c t r o c h e m i c a l l y po l i shed 

to avo id the i n f l uence of the ma-

c h i n e d l a y e r on t h e m e a s u r e d 

da ta . Pos t w e l d a n n e a l i n g w a s 

car r ied out fo r t h e 8 m m and 12 

m m th ick p la tes at 873 K for two 

hours. A f te r annea l i ng the ox ide 

s c a l e s w e r e r e m o v e d by us ing 

e m e r y - p a p e r s and t hen measu re -

m e n t s were ca r r ied out. 

Fig 1 : Weld Design for 12 mm Thick Weld Joint (2) U l t rason ic t e c h n i q u e , and 
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X - R a y D i f f r a c t i o n T e c h n i q u e f o r 
T h e m e a s u r e m e n t o f R e s i d u a l 
S t r e s s . 

T h e X - r a y d i f f r a c t i o n t e c h n i q u e 

m e a s u r e s t h e i n t e r p l a n n a r s p a c -

ing of t h e la t t i ce to a r r i v e at t h e 

s t r e s s e s p r e s e n t in t h e m a t e r i a l 

[3] , It is w e l l k n o w n tha t p e a k in-

t ens i t y o f d i f f r a c t e d x - r a y b e a m 

o c c u r s w h e n b r a g g ' s law is sa t i s -

f ied . 

nX = 2 d . S i n 9 

w h e r e , n = O r d e r o f d i f r a c t o n , 

/. = W a v e l e n g t h of x - r a y used . 

d = S e p a r a t i o n s b e t w e e n a se t 

p a r a l l e l l a t t i ce p l anes , 

0 = A n g l e of d i f f r a c t i o n 

In t he p r e s e n c e o f e l as t i c m a c r o 

s t ress t h e r e is a sh i f t in t h e pos i -

t i o n s o f t h e X - r a y p e a k s . T h e 

d i f e c t i o n of sh i f t d e p e n d s on t h e 

na tu re of t h e s t r ess i.e. w h e t h e r 

t h e y a re t e n s i l e or c o m p r e s s i v e . 

T h e m a g n i t u d e of t h e sh i f t g i v e s 

a m e a s u r e of t h e s t ress . F i g u r e 2 

s h o w s t h e c o - o r d i n a t e s y s t e m re l -

e v a n t t o t h e t e c h n i q u e used . O A , 

O B a n d O C re fe r to t he o r t hogo -

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

s a m p l e s u r f a c e . T h e d i r e c t i o n s 

O A a n d O B lie on the s p e c i m e n 

s u r f a c e . D i r e c t i o n s O C is p e r p e n -

d i c u l a r to t he s p e c i m e n s u r f a c e . 

T h e ang le y d e n o t e s the a n g l e o f 

i n c i d e n c e of t he X - ray b e a m . T h e 

d i r e c t i o n of i n c i dence C O d e n o t e s 

\|/ = 0, and d i rec t i on M O d e n o t e s 

v|/ = v|/. D i r ec t i on O N is t h e pro-

j e c t i o n of O M on the s p e c i m e n 

s u r f a c e . T h e s t ress on the spec i -

m e n s u r f a c e o r i en ted a long O N is 

d e n o t e d as o , w h e r e <(> = the 

ang le b e t w e e n O A a n d O N . T h e 

f o l l o w i n g e q u a t i o n is t hen v a l i d : 

dyy-dp 1 + r 
do " E 

.Oy-J (aOA + oob) 

w h e r e , E = Young's modulus 

r = Poison's ratio 
E 

1 + r = Stress constant 

dcjiT = Interplanner spacing mea-

sured in the direct ion de-

scr ibed by the angies ¥ 

and <j> 

dO = S t ress f ree i n t e r p l a n n e r 

spacing. 

Fig 2 : Co-ordinate axes for XRD 
residual stress measurement 

T o an a p p r o x i m a t i o n dO c a n be 

r e p l a c e d by dcpT a n d to o b t a i n t he 

v a l u e of cr<t>, It is n e c e s s a r y to f i nd 

t h e s l o p e o f e q u a t i o n ( 2 ) . T o 

a c h i e v e t h i s , m e a s u r e m e n t s o f 

t he c h a n g e s in la t t i ce p l a n e s e p a -

ra t i ons is n e e d e d at T = 0 a n d 

a t l eas t at a n o t h e r v a l u e of T , 

S t ress , c o n s t a n t h a s b e e n ca l cu -

l a t e d u s i n g E = 2 0 6 . 9 G P a a n d 

P o i s o n ' s - r a t i o o f 0 . 2 9 . In t h e 

p r e s e n t s t u d y Cr K a X - r a y rad ia -

t i on w a s u s e d and t h e 20 v a l u e s 

f o r t he (211) p l a n e s w e r e in t h e 

r e g i o n of 156 d e g r e e s . 
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Fig 3 : Block diagram of the pulse - ECHO OVERLAP SYSTEM 
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i. Echo train in the CRT screen 

t | 

ii. Two selected echoes for overlap 

iii. overlap achieved by 
adjusting the C W frequency 

Fig 4 : Sequency of overlap of any two 
echoes in ultrasonic velocity measurement 

U l t r a s o n i c T e c h n i q u e o f R e -
s i d u a l S t r e s s M e a s u r e m e n t 

S t r e s s m e a s u r e m e n t s us ing u l t ra -

s o n i c t e c h n i q u e a re d e p e n d e n t on 

t h e a c o u s t o e l a s t i c e f f e c t , i . e . 

s t r a i n - i n d u c e d u l t r a s o n i c w a v e 

v e l o c i t y v a r i a t i o n s . A c c o r d i n g to 

a c o u s t o e l a s t i c t h e o r y , t h e s e 

v a r i a t i o n s b e h a v e l i n e a r l y p r o -

v i d e d the m a t e r i a l is d e f o r m e d in 

t h e e las t i c r a n g e (4) . T h e l i near 

c h a n g e in ve loci ty w h i c h t a k e s 

p lace d u e to s t ress c h a n g e is v e r y 

s m a l l a n d t h e p e r c e n t a g e va r i a -

t i o n w i t h a p p l i e d o r r e s i d u a l 

s t r e s s e s d o e s not e x c e e d 1% in 

a n y s i t u a t i o n . F o r t h e m e a s u r e -

m e n t o f t r a v e l t i m e , P u l s e - e c h o 

o v e r l a p ( P E O ) m e t h o d h a s b e e n 

used w i t h an a c c u r a c y of t rans i t 

t i m e m e a s u r e m e n t o f t he o rde r o f 

+ 1 n a n o s e c o n d . T h e P E O 

m e t h o d is a v e r s a t i l e a n d s i m p l e 

m e t h o d t ha t g i v e s a c c u r a t e m e a -

s u r e m e n t of u l t r ason i c t r a v e l t i m e 

in m a t e r i a l s [5], F i gu re 3 s h o w s 

the b lock d i a g r a m of the P E O set 

up d e v e l o p e d in th i s cen t re a n d 

used in th is wo rk . T h e p r inc ip le of 

m e a s u r e m e n t in th is m e t h o d is to 

m a k e two s u c c e s s i v e back w a l l 

s i gna l s o f in teres t to o v e r l a p in 

t h e o s c i l l o s c o p e s c r e e n by d r i v -

ing t h e X - a x i s w i th a car r ie r f re -

q u e n c y w h o s e pe r iod is t he t r a v e l 

t i m e b e t w e e n the s i g n a l s o f in ter -

est. T h e n one s igna l a p p e a r s in 

o n e s w e e p of t he o s c i l l o s c o p e , 

a n d the o the r s igna l a p p e a r s in 

the nex t sweep . F i gu re 4 s h o w i n g 

t yp i ca l t r a c i n g s o b t a i n e d f r o m the 

o s c i l l o s c o p e s c r e e n e x p l a i n s t h e 

p r i nc ip l e o f the m e t h o d . 

A c o u s t o e l a s t i c cons tan t is d e f i n e d 

by the f o l l o w i n g s i m p l i f i e d equa -

t ion : 

V = Vo + Ac 3 

where rs - Stress 

V = Ultrasonic velocity in the 

material under stress 

VO = Ultrasonic velocity in the 

stress free material 

A - Acoustoelast ic constant (AEC). 

To f i nd out t he v a l u e of A E C , a 

f la t t e n s i l e s p e c i m e n of 8 m m 

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

m i l d s tee l p la te w a s l o a d e d by 

us ing an un i ve rsa l t ens i l e t es t i ng 

m a c h i n e . S ta r t i ng f r o m ze ro l oad 

and at v a r i o u s l eve l s of i nc reas -

ing loads , u l t r ason i c v e l o c i t y w a s 

m e a s u r e d t h r o u g h the t h i c k n e s s 

of t h e g a u g e leng th w h e r e un i -

f o r m e l o n g a t i o n o c c u r e d . A 

k r a u t k r a m e r K 2 N 2 M H z long i tud i -

nal b e a m p robe w a s used. F i gu re 

5 s h o w s the p e r c e n t a g e i n c r e a s e 

in t h e u l t r a s o n i c v e l o c i t y as a 

f u n c t i o n of s t r e s s in t h e s p e c i -

m e n . F r o m t h e s t o p o f t h e 

s t ra igh t l ine f o u n d by r e g r e s s i o n 

ana l ys i s , t h e v a l u e of A E C con-

s t a n t w a s d e t e r m i n e d t o be 

0 . 1 1 6 7 m / M P a . U l t r a s o n i c v e l o c -

i ty m e a s u r e m e n t s w e r e c a r r i e d 

out a l o n g a l ine p e r p e n d i c u l a r to 

t h e w e l d ax i s by us ing t h e s a m e 

2 M H z l o n g i t u d i n a l w a v e p robe . 

A t e a c h pos i t i on , on an a v e r a g e a 

m i n i m u m of f i v e m e a s u r e m e n t s 

w e r e c a r r i e d o u t . R e l a t i v e 

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

c o n v e r t e d in to r e s p e c t i v e R S va l -

ues by us ing e q u a t i o n [3] . 

M a g n e t o m e c h a n i c a l A c o u s t i c 
E m i s s i o n T e c h n i q u e f o r R e -
s i d u a l S t r e s s D e t e r m i n a t i o n 

M a g n e t o m e c h a n i c a l A c o u s t i c 

E m i s s i o n ( M A E ) is r e l a t i v e l y a 

n e w t e c h n i q u e [6], It h a s po ten -

t ia l a p p l i c a t i o n fo r m i c r o s t r u c t u r a l 

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

s t r e s s m e a s u r e m e n t s . In p r e s -

e n c e o f v a r y i n g e x t e r n a l m a g n e t i c 

f i e ld , t h e f o l l o w i n g d o m a i n re l a ted 

a c t i v i t i e s t a k e p l a c e d o m a i n 

Fig 5 : Plot of velocity changes 
as a function of applied load 

in carbon steel plate 
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Fig 6 : Sketch showing set up for magnetomechanical Acoustic emission technique 

nuc lea t ion , d o m a i n wa l l mo t i on , 

d o m a i n ro ta t ion and d o m a i n anni -

h i l a t i o n . T h e s e a c t i v i t i e s t a k e 

p lace so as to inc rease the net 

magne t i c m o m e n t in the d i rec t ion 

of the m a g n e t i c f ie ld . T h e y are 

i n f l uenced by the m ic ros t ruc tu ra l 

fea tu res and app l ied and res idua l 

stress. T h e r e are two ma in t ypes 

of d o m a i n wa l l s - 180 deg ree and 

9 0 deg ree . S igna l s are g e n e r a t e d 

dur ing the d isc re te j u m p s of the 

180 d e g r e e d o m a i n w a l l s f r o m 

one set of obs tac les to the next . 

Th is causes sma l l d i scon t inu i t i es 

in t h e n e t m a g n e t i c m o m e n t 

wh ich can be d e t e c t e d as t ran-

s i e n t p l u s e s o f e m f in a c o i l 

p laced nereby . Th i s is known as 

M a g n e t i c B a r k h a u s e n N o i s e 

(MBN) or BN. In add i t i on to the 

180 deg ree d o m a i n wa l l mo t ions , 

there are c h a n g e s in e last ic en-

ergy due to magne tos t r i c t i on dur -

ing 90 deg ree d o m a i n wa l l mo-

t ions. Th is resu l ts in the genera -

t ion of e las t ic w a v e s known M A E . 

The f r e q u e n c y s p e c t r u m of t he 

M A E genera l l y e x t e n d s upto sev-

eral hund red kHz. T h e m a x i m u m 

depth of the s p e c i m e n w h i c h is 

ac t i ve for the gene ra t i on of M A E 

wou ld d e p e n d on the f r equency 

of the va ry i ng m a g n e t i c f ie ld . For 

a l ine f r e q u e n c y o f 5 0 H z , t h e 

depth wi l l be of the o rder of 1 

m m . It has been f ound that both 

tens i le and c o m p r e s s i v e s t resses 

are f o u n d to d e c r e a s e M A E ( 7 ) . 

The re fo re , in the present work , it 

has been t aken tha t the s ign of 

the s t ress d o e s not a f fec t the in-

tens i ty of M A E . T h e set up used 

to car ry out the e x p e r i m e n t s is 

shown in F igure 6. T h e l ine f re-

q u e n c y c u r r e n t s o u r c e (50 Hz) 

w a s used to p roduce the des i red 

magne t i c f ie ld. A l l m e a s u r e m e n t s 

were done at a f i xed coi l current 

of 1 A m p . T h e c o r r e s p o n d i n g 

m a g n e t i c f ie ld p r o d u c e d at the 

cent re of the yoke was 400 oer-

s ted. A c o u s t i c e m i s s i o n s igna ls 

g e n e r a t e d w e r e r e c o r d e d a n d 

ana lysed using an A E T - 5 0 0 0 sys-

t e m . A p iezoe lec t r i c t r a n s d u c e r 

hav ing a resonant f r equency of 

175 kHz, a p reamp l i f i e r (60 dB 

ga in ) and the c o m p a t i b l e f i l t e r 

(125-250 kHz) were used to cap-

tu re the s igna l . T h e p reamp l i f i ed 

s igna l w a s f u r t he r a m p l i f i e d by 

us ing t h e p o s t - a m p l i f i e r in t he 

A E T sys tem. A to ta l ga in of 100 

dB w a s used. The rms vo l t age of 

the a m p l i f i e d s igna l w a s used for 

t h e a n a l y s i s . T h e y o k e w a s 

m o v e d in s teps of 0 .5 c m in the 

beg inn ing upto 2 to 3 c m s f r o m 

the we ld cen t re l ine and then in 

s teps of 1 c m and the rms vol t -

age of the M A E s igna ls we re re-

co rded at each pos i t ion . 

INDIAN WELDING JOURNAL, OCTOBER, 1994 
37 



R e s u l t s f r o m X R D T e c h n i q u e 

F i g u r e 7 s h o w s t h e r e s i d u a l 

s t ress va r i a t i on ac ross the 8 m m 

t h i c k w e l d j o i n t . T h e m e a s u r e -

m e n t s w e r e d o n e in d i r e c t i o n s 

a long the w e l d l ine on the top sur-

face of the p la te . F igu re 8 shows 

t h e v a r i a t i o n w h e n m e a s u r e d 

ac ross the root pass. F igu res 9 

and 10 s h o w the co r respond ing 

va r i a t i ons in 12 m m th ick p lates. 

T h e fo l l ow ing obse rva t i ons can be 

m a d e f r o m these fou r f i gu res : 

T h e s t resses are t ens i l e in the 

w e l d r e g i o n w i t h a m a x i m u m 

occu r ing at t he w e l d cen t re l ine. 

F r o m th is m a x i m u m va lue at the 

cen t re l ine the tens i le RS reduces 

and c h a n g e s its na tu re to com-

press ive RS in the heat a f f ec ted 

zone (HAZ) , in all t he cases ex-

cept in the 1 2 m m th ick p late in 

as w e l d e d cond i t i on w h e n m e a -

sured across the root pass (Fig-

ure 10). Howeve r in the case of 

12 m m t h i c k p l a t e t h e s t r e s s 

across the root pass is seen to be 

sti l l tens i le at locat ions away f r om 

the cent re l ine. Th is cou ld be due 

to the fact that the 12 m m plate 

got d is to r ted dur ing we ld ing g iv -

ing r ise to tens i le RS at the bot-

t o m sur face. Th is is co r robora ted 

by F igure 9 wh ich shows that the 

paren t m e t a l reg ions in the as 

w e l d e d c o n d i t i o n h a v e a h i gh 

level of compress i ve stress. For 

the 8 m m th ick plate, the max i -

m u m tens i le stress on the top sur-

face is lower than that seen on 

the b o t t o m su r f ace . A r e v e r s e 

t rend is observed in case of the 

12 m m th ick plate. The m a x i m u m 

tens i le and the m a x i m u m c o m -

press ive s t resses in the 12 m m 

th ick p late are h igher than those 

in the 8 m m th i ck p la te . It wi l l be 

s e e n la ter tha t u l t r ason i c m e a -

s u r e m e n t s g i v e an oppos i te t rend 

w i th 8 m m th i ck p la tes show ing 

h i g h e r s t r e s s e s . It c a n be 

ra t iona l i sed by a s s u m i n g tha t the 

r e s t r a i n t s on t h e s u r f a c e laye r 

du r ing we ld ing are m o r e w h e n the 

t h i ckness is i nc reased . 

R e s u l t s f r o m U l t r a s o n i c 
T e c h n i q u e 

Figure 11 s h o w s the c o m p a r a t i v e 

R S d i s t r i b u t i o n s a l o n g t h e l ine 

p e r p e n d i c u l a r to the w e l d ax is 

and on e i ther of its s ide in the 8 

m m and 12 m m th ick we ld pads. 

T h e R S pa t te rns a re a v e r a g e d in 

t h e v o l u m e o f t h e m a t e r i a l 

t h r o u g h w h i c h t h e u l t r a s o n i c 

b e a m passes. A l t h o u g h the max i -

m u m tens i le s t ress at the we ld 

cen t re is s im i la r fo r the two th ick-

0 2 4 6 8 10 

POSITION wrt WELD CENTRE LINE Icms I 

Fig 7 : XRD Residual stress 
on top surface of 8mm Thick Weld Joint 

(a) In as welded condition 
(b) After annealing at 873 for 2 hrs. 

0 0.5 1 15 2 2.5 3 

POSITION wr t W a t CENTRE LME I c m i l 

Fig 8 : XRD Residual stress accross 
root pass in 8mm , Thick Weld Joint 

(a) In as welded condition 
(b) After annealing at 873 for 2 hrs 
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nesses , t h e c o m p r e s s i v e s t ress 

leve l in t he H A Z reg ion is c o m -

p a r a t i v e l y l ower in t he 12 m m 

th ick p la te and h igher in the 8 

m m th ick p late. Th i s t ype of ob-

se rva t i on is oppos i te to wha t has 

b e e n o b s e r v e d on the s u r f a c e 

l a y e r m e a s u r e d by X R D t e c h -

n ique po in t ing to the poss ib i l i ty 

tha t t h e res ta in t e f f e c t s in t he 

t h i c k n e s s d i r e c t i o n a re not the 

s a m e as what are present on the 

su r face reg ions . F igure 12 shows 

the e f f ec t of annea l i ng (at 873K 

for 2 hours) in the 8 m m th ick 

p la te . T h e s t r e s s e s are s ign i f i -

cant ly reduced by the annea l ing 

though the m e a s u r e d s t resses are 

sti l l not ze ro e v e n af ter annea l i ng 

at 873K. F igure 13 shows the ef-

fect of annea l i ng in the 12 m m 

th ick p late. Both the tens i le and 

the c o m p r e s s i v e s t resses are re-

duced in m a g n i t u d e s . 

R e s u l t s f r o m M A E 

T h e var ia t ion in M A E rms vo l tage 

w i th d is tance f rom the we ld cen-

tre l ine for unannea led and an-

nea led we ld pads of 12 m m and 

8 m m th ickness are shown in Fig-

ure 14. The M A E rms vo l t age is 

h igher in annea led we ld pads as 

c o m p a r e d to u n a n n e a l e d a n d 

we ld pads. The extent of var ia-

t ion in the M A E rms vo l tage wi th 

d is tance f r om weld centre l ine is 

also reduced in the annea led we ld 

p a d s as c o m p a r e d to t h e 

unannea led we ld pads. Compa r i -

son of var ia t ion is res idual s t ress 

as de te rm ined by the u l t rason ic 

ve loc i t y m e a s u r e m e n t s w i th the 

co r respond ing var ia t ion in M A E 

rms vo l tage suggests the fo l low-

ing; G e n e r a l l y upto 2 to 3 c m 

f r o m we ld cent re l ine, the st ress 

is h igh in the unannea led we ld 

pad . T h e M A E r m s v o l t a g e is 

m i n i m u m at t he w e l d cent re l ine 

w h e r e t h e s t r ess is m a x i m u m . 

Re lease of t hese s t resses by an-

nea l ing resu l ted in large inc rease 

in M A E rms v o l t a g e in th is re-

g ion . T h e con t i nued inc rease in 

M A E rms vo l t age b e y o n d 3 c m in 

the u n a n n e a l e d w e l d pads is at-

t r ibuted to the con t i nued dec rease 

in c o m p r e s s i v e R S (F igure 12). 

T h e rms v o l t a g e w a s f o u n d to 

sa tura te b e y o n d 6 c m f r o m we ld 

cent re l ine in the case of 12 m m 

w e l d pad as the s t ress reached a 

zero leve l . 

C O N C L U S I O N S 

In the p reced ing sec t ions , the ex-

p e r i m e n t a l l y d e t e r m i n e d R S 

st ress va r i a t i ons ac ross butt we ld 

jo in ts in 8 m m and 12 m m th ick 

m i ld s tee l p la tes , be fo re and af ter 

° 2 t 6 a i 0 t 2 u 
POSITION wrt WELD CENTRE I H E (cm* I 

Fig 9 : XRD Residual stress on 
top surface of 12mm Thick Weld Joint 

(a) In as welded condition 
(b) After annealing at 873 for 2 hrs. 

2 4 6 1 B 

POSITION wrl WELD CENTRE IHE Icmi I 

Fig 10 ' XRD Residual stress accross 
root pass in 12mm , Thick Weld Joint 

(a) In as welded condition 
(b) After annealing at 873 for 2 hrs. 
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POSITION wrt WELD CENTRE LINE (cms) 

Fig 11 : Thickness Average Residual Stress 
variation measured by ultrasonic technique in as weldede 

8mm and 12mm thick mild steel plates 

POSITION wrt WELD CENTRE LINE lcm«b) 

Fig 13 : Effect of annealing on the thickness Averaged Residual 
Stress measured by ultrasonic technique in 12mm thick plate, 

(a) As welded (b) 873K Anneal 
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Variation in MAE with distance from weld centre line 

Fig 12 : Effect of annealing on the thickness Averaged Residual Stress 
measured by ultrasonic technique in 8mm thick plate, 

(a) As welded (b) 873K Anneal 
12mm THICK WELD PAD 

ANNEALED 
(873K/2h) 

UNANNEALED 
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annea l i ng at 873K for two hours , 

were d i scussed T h e X R D and the 

u l t rason ic resu l ts show that the 

t rends in the su r face s t ress var ia -

t ions can be d i f f e ren t f r o m those 

occu r i ng in the t h i c k n e s s d i rec -

t i o n . T h e M A E r e s u l t s h a v e 

s h o w n g o o d c o r e l a t i o n w i t h re-

spect to the e f fec t of annea l i ng 

and it can be used to mon i t o r the 

e f fec t of s t ress re l ie f annea l i ng 
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A WIDE RANGE OF FILLER WIRES 

WE STOCK A LARGE VARIETY OF WIRES IN WIDE 
RANGE OF SIZES TO SUIT FABRICATION NEEDS. 
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LOW ALLOY 
S. STEEL 
NON FERROUS 
NICKEL ALLOYS 
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