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CONTROLLED SHOT PEENING AND ITS EFFECT ON FATIGUE AND STRESS 

CORROSION CRACKING OF WELDED JOINTS 
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Controlled Shot Peening is recognised and widely accepted as a process to increase fatigue strength and stress corrosion cracking and 
extend life of fabricated components, particularly in high performance applications, by the introduction of compressive residual stress. 
Fatgue and stress corrosion cracking are also problems commonly encountered, in many areas of industrial activity, where beneficial 
residual stress induced by controlled shot peening can provide a cost efficient solution. 

INTRODUCTION 

W i t h i n c r e a s i n g u s e o f h i g h 

s t r e n g t h s t e e l s in r e c e n t y e a r s , 

the risk of fa i lu re d u e to f a t i g u e 

a n d s t ress c o r r o s i o n c r a c k i n g h a s 

i n c r e a s e d to a g r e a t e x t e n t . 

T h e r e f o r e , it is n e c e s s a r y to 

g u a r d a g a i n s t the risk of fa i lu re 

d u e to this t y p e of l o a d i n g a n d 

e n v i r o n m e n t . T h e i n f l u e n c e o f 

w e l d i n g of t h e jo int b e h a v i o u r is 

c o m p l e x : it is d e t e r m i n e d by 

i n h o m o g e n e i t y of t h e w e l d m e t a l 

s t r u c t u r e , b y t h e p r e s e n c e o f 

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

res idua l s t r e s s e s d u e to a w e l d i n g 

p rocess . 

r e s i s t a n c e , s t r e s s c o r r o s i o n 

c r a c k i n g a n d d i m e n s i o n a l 

s t a b i l i t y . H o w e v e r , P W H T 

s o m e t i m e s g i v e s c o n f l i c t i n g 

resul ts wi th regard to t o u g h n e s s 

( 1 , 2 ) a n d it is f r e q u e n t l y 

i m p r a c t i c a l to s t ress r e l i e v e la rge 

v e s s e l s a n d st ructures . 

T h e purpose of this p a p e r is : 

* to spec i fy t h e C o n t r o l l e d 

S h o t P e e n i n g ( C S P ) 

t e c h n i q u e a s a f i n a l 

t r e a t m e n t . 

* to s u m u p p r e s e n t 

k n o w l e d g e o f t h e 

b e h a v i o u r of w e l d e d 

s t ructures w h i c h h a s b e e n 

s u b j e c t e d to C S P , in 

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

st ress corros ion c rack ing . 

* to f i n a l l y a s s e s s t h e 

a d v a n t a g e s a n d d i f f i -

cu l t ies e n c o u n t e r e d in t h e 

app lca t ion of C S P . 

Shot Peening and Specification 
of Controlled Shot Peening 

Shot Peening 

S h o t p e e n i n g is the b o m b a r d m e n t 

o f t h e m a t e r i a l s u r f a c e w i t h 

s p e h e r i c a l s t e e l s h o t , g l a s s or 

c e r a m i c b e a d s , u n d e r cont ro l led 

c o n d i t i o n s , to p r o d u c e p l a s t i c 

y ie ld at the s u r f a c e . T h e mu l t ip le 

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

h i g h m a g n i t u d e c o m p r e s s i v e l y 

s t r e s s e d l ayer , m i n i m u n 5 0 % U T 

S , at ful l c o v e r a g e . S c h e m a t i c 

i l l u s t r a t i o n o f t h e f o r m a t i o n of 

res idua l s t r e s s e s in shot p e e n i n g 

[3] is s h o w n in F ig . 1. 

Specif icat ion of Control led 
Shot Peening 

T h e o b j e c t i v e of c o n t r o l l e d shot 

p e e n i n g is t o i n d u c e a 

c o m p r e s s i v e s t ress of p r e d i c t a b l e 

m a g n i t u d e a n d d e p t h . T h e 

m a g n i t u d e is d e p e n d e n t o n the 

y ie ld s t reng th o f t h e m e t a l ( F i g . 2 ) 

a n d p r o v i d e d u n i f o r m co ld work 

is a c h i e v e d t h a t l e v e l wi l l not 

It is k n o w n tha t r e s i d u a l w e l d i n g 

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

e f f e c t o n t h e b e h a v o u r o f 

s t r u c t u r e s s u b j e c t e d to f a t i g u e 

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

Post w e l d h e a t t r e a t m e n t ( P W H T ) 

is p r i m a r i l y u s e d to r e d u c e t h e 

l e v e l of res idua l s t r e s s e s p r e s e n t 

in a w e l d e d jo int . T h e r e d u c t i o n 

of res idua l s t r e s s e s wil l l e a d to a 

reduc t ion of br i t t le f r a c t u r e a n d 

i m p r o v e m e n t in f a t i g u e 
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Fig 1 : Schematic Illustration of the formation of residual stresses in shot peening 

v a r y . D e p t h is i m p o r t a n t a n d t h e 

s h o t - p e e n i n g p a r a m e t e r s a r e 

c h o s e n to suit t h e p r o b l e m . F o r 

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

not be e x c e s s i v e l y c o r r o s i v e or 

su f fe r e r o s i o n a n d be r e a s o n a b l y 

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

s h a l l o w c o m p r e s s i v e l a y e r is 

a d e q u a t e . H o w e v e r , e x c e s s i v e 

c o r r o s i o n , e r o s i o n or s u r f a c e 

d e f e c t s r e q u i r e m a x i m u m d e p t h s 

of c o l d w o r k o t h e r w i s e l i m i t e d 

benef i t wil l be n o t e d . 

T h e p r o c e s s h a s a n u m b e r of 

v a r i a b l e s that a f fec t the d e p t h of 

r e s i d u a l c o m p r e s s i v e s t r e s s . 

C o n t r o l of t h o s e v a r i a b l e s a r e 

i m p o r t a n t o t h e r w i s e repeatab i l i ty 

a n d c o n f i d e n c e in the t e c h n i q u e 

will su f fer . T h e v a r i a b l e s inc lude: 

s h o t ( s i z e , s h a p e , h a r d n e s s , 

a l loy) , ve loc i ty , c o v e r a g e , ang le 

of i n c i d e n c e , n o z z l e d i s t a n c e , 

subs t ra te h a r d n e s s a n d subst ra te 

roughness . S o m e t i m e s if t h e a l loy 

h a r d n e s s a l l o w s it is b e t t e r to 

s e v e r e l y cold work the s u r f a c e , 

c h a n g i n g its g e o m e t r y ob l i te ra t ing 

t h e s m a l l rad ius / f i l l e t e f f e c t [ 4 ) . 

T o d a y s h o t p e e n i n g is a w e l l 

con t ro l l ed p r o c e s s wi th all of shot 

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

T h e first s tep starts at the d r a w i n g 

b o a r d w i t h t h e p r o c e s s 

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

m e d i a type , s ize a n d h a r d n e s s , as 

we l l as in tens i ty a n d c o v e r a g e . 

O n c e t h e s p e c i f i c a t i o n s a r e 

s e l e c t e d , the v a r i a b l e s must be 

m e a s u r e d a n d c o n t r o l l e d to 

e n s u r e they a r e be ing m a i n t a i n e d . 

A la rge v a r i e t y of s p e c i f i c a t i o n s 

a n d s t a n d a r d s c o n c e r n i n g shot 

p e e n i n g is a v a i l a b l e . S o m e w e r e 

issued by spec i f i c c o m p a n i e s or 

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

s t a n d a r d s . S o m e a r e 

i n t e r n a t i o n a l l y a c c e p t e d . F o r 

e x a m p l e , d e s i g n e n g i n e e r s m a y 

w a n t to re fer to t h e un i ted S t a t e s 

M i l i t a r y S p e c i f i c a t o n M I L - S -

1 3 1 6 5 0 - A m e n d m e n t 2 , 2 5 J u n e . 

1 9 7 9 . 

T h e m a i n i t e m s w h i c h s h o u l d be 

s p e c i f i e d for C S P a r e as fo l lows: 
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Fig 2 : Residual stress produced by shot peening Vs Tensile strength of Steel 
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A l m e n I n t e n s i t y 

T h e in tens i ty is a n ind ica t ion of 

the k ine t ic e n e r g y t r a n s f e r in the 

p e e n i n g p r o c e s s . T h e A l m e n 

in tens i ty w o r k s on t h e pr inc ip le 

tha t if a f lat p i e c e of m e t a l is 

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

e x p o s e d to a blast of shot , it wil l 

be c u r v e d u p o n r e m o v a l f r o m t h e 

block. T h e he igh t of t h e c u r v e d 

a r c s e r v e s a s a m e a s u r e o f 

i n t e n s i t y . T h e A l m e n s y s t e m 

i n v o l v e s s t a n d a r d tes ts str ips of 

t h r e e d i f f e r e n t t h i c k n e s s e s 

c l a s s e d A , C or N ( 1 . 2 9 , 2 . 3 9 , 

0 . 7 9 m m ) a n d a s t a n d a r d 

m e a s u r i n g d e v i c e , c a l l e d t h e 

A l m e n g a g e . T h e A l m e n in tens i ty 

spec i f i ca t ion consis ts of a n u m b e r 

(a rc he igh t ) a n d a le t ter (A , C or 

N ) 

A l t h o u g h t h e A l m e n i n t e n s i t y 

a l o n e is not su f f i c ien t to d e f i n e s 

t h e results of a p e e n i n g process , 

it is t h e m a i n p a r a m e t e r w h i c h 

s h o u l d be o b s e r v e d to a s s u r e 

r e p e a t a b i l i t y . T h e p r i n c i p a l 

a d v a n t a g e of the A l m e n intensi ty 

is that it i n tegra tes most r e l e v a n t 

fac tors e .g . Shot ve loc i ty , m a s s 

a n d h a r d n e s s , a n g l e of 

i m p i n g e m e n t e t c . [ 5 ] , F i g . 3 

s h o w s the d e p t h of c o m p r e s s i v e 

s t r e s s vs. A L M E N in tens i ty for 

s tee l a n d t i t an ium. 

C o v e r a g e 

T h e u n i f o r m i t y of c o m p r e s s i v e 

s t ress is re la ted to the e v e n n e s s 

of c o v e r a g e w h i c h is d e f i n e d as 

t h e u n i f o r m d i m p l i n g or 

ob l i te ra t ion o f t h e sur face . M I L - S -

1 3 1 6 5 B spec i f i es two a c c e p t a b l e 

m e t h o d of c h e c k i n g this impor tan t 

f a c t o r , ( i ) V i s u a l e x a m i n a t i o n 

using a 10 m a g n i f i c a t i o n g lass , 

(ii) P e e n s c a n P r o c e s s w h i c h is 

p a r t i c u l a r l y u s e f u l w h e r e l a r g e 

a r e a s or f i n e g e o m e t r y is 

i n v o l v e d . T h e a r e a to b e shot 

p e e n e d is f i rst c o a t e d w i t h a n 

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

( D y e s c a n ) w h i c h is s e n s i t i v e to 

u l t ra -v io le t l ight a n d h a s a ra te of 

r e m o v a l cons is ten t wi th c o v e r a g e 

on t h e c o m p o n e n t s u r f a c e . At 

1 0 0 % c o v e r a g e o n w h i t e 

f l u o r e s c e n c e will be e v i d e n t a n d 

t h e b a s e m e t a l will a p p e a r a d e e p 

p u r p l e c o l o u r u n d e r t h e u l t r a -

v io le t inspec t ion l a m p . 

S h o t - P e e n i n g M e d i a 

M e d i a type (cast s tee l , g lass b e a d 

or c e r a m i c ) c h e m i s t r y , h a r d n e s s 

a n d s i z e shou ld be s p e c i f i e d a n d 

c o n t r o l l e d . S h o t p e e n i n g m e d i a 

wil l d e t e r i o r a t e a f t e r s o m e per iod 

of use c a u s i n g l o w e r intensi ty a n d 

w o r k p i e c e s u r f a c e d a m a g e . T h e 

M I L - 1 3 1 6 5 8 s p e c i f i c a t i o n p l a c e s 

of l imit on b r o k e n or d e f o r m e d 

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

p e e n i n g m a c h i n e . 

A s far as s i z e is c o n c e r n e d la rger 

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

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

p r o d u c e s f u l l c o v e r a g e m o r e 

quick ly . U s e of l a rge shot resul ts 

in s m o o t h e r s u r f a c e s . 

M a s k i n g a n d P r o c e s s i n g 
S e q u e n c e 

O n l y in a l i m i t e d n u m b e r of c a s e s 

in p e e n i n g o f t h e e n t i r e p a r t 

r e q u i r e d . Y e t m a s k i n g m a y be 

cos t l y a n d s h o u l d b e s p e c i f i e d 

only w h e n a b s o l u t e l y e s s e n t i a l . 
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Table 1: 
Techological Parameters f o r t he various prel iminary shot peening operations. 

S h o t p e e n i n g is a f i n i s h i n g 

t reatment ; its va lue is spoiled by 

almost any subsequent machining 

or heat treat ing processes. 

M e a s u r e m e n t o f R e s i d u a l 
C o m p r e s s i v e S t r e s s e s 

A v a r i e t y of m e t h o d s a r e 

a v a i l a b l e to m e a s u r e r e s i d u a l 

stresses at the surface of the part. 

Unfortunately , today, there is no 

practical, non-destruct ive method 

for measur ing stress distribution. 

T o d a y , X - r a y d i f f r a c t i o n 

m e a s u r e m e n t s may be helpful as 

a d d i t i o n a l c o n t r o l s but s t r e s s 

depth and distribution can not be 

ver i fed on f inished parts. 

S h o t P e e n i n g E q u i p m e n t 

All shot p e e n i n g m u s t be 

p e r f o r m e d a u t o m a t i c a l l y , 

v a r i a b l e s s u c h as n o z z l e 

distance, angle of imp ingement 

and t raverse or rotational speeds 

can only be reliably mainta ined 

by the provision of this type of 

control. Monitoring of the process 

by the use of m i c r o p r o c e s s o r 

machinery is a natural progress 

where eff iciency and close control 

are to be mainta ined . 

W e l d F a t i g u e a n d 
C o n t r o l l e d S h o t P e e n i n g 

In g e n e r a l , t h e r e s i s t a n c e to 

far igue crack initiation increases 

wi th the y ie ld s t r e n g t h or the 

tensile strength of we lded joint. 

H o w e v e r , t h e f a t i g u e c r a c k 

g r o w t h r a t e is r e l a t i v e l y 

unef fected by the yeild strength 

Shot diameter 
Shot peening mean dia.(mm) 

or the weld micro structure [6], 

Because of the insignificant effect 

of the yield strength of steel on 

fatigue crack growth, the only way 

of taking full advantage of steels 

of h igh c h a r a c t e r i s t i c s is to 

increase the part played by crack 

initiation in the total life of the 

w e l d e d a s s e m b l y . For th is 

purpose C S P can be used with 

the p u r p o s e of m o d i f y i n g the 

r a n g e of r e s i d u a l s t r e s s e s 

introduced by welding. There is 

little in fo rmat ion on results in 

ALMEN 
Intensity Coverage 

r e l e v a n t l i t e r a t u r e . H o w e v e r , 

some of the data reported in the 

literature [7] is quite encouraging. 

For example , three shot peening 

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

techonological pa rameters on T-

joints in E 4 6 0 steel are given in 

Tab le 1. 

F ig . 5 shows the condi t ion of 

r e s i d u a l s t r e s s e s a f t e r sho t -

p e e n i n g . T h e s h o t - p e e n i n g 

operat ion (1) introduced surface 

s t resses of - 3 0 0 M P a , to a 

depth of approx imate ly 0 .15 mm. 

1 0.43 (14-16A) 200% 
2 0.84 (20-22A) 200% 
3 1.40 (8-10C) 200% 

The geometry of the weld beads is shown in Fig. 4. 
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The shot-peening opeart ions (2) 

and ( 3 ) r e s u l t e d in s u r f a c e 

stresses of the order of - 4 0 0 M P a , 

to a depth of approx imate ly 0 .25 

m m . F i g . 6 i l l u s t r a t e s t h e 

r e m a r k a b l e i m p r o v e m e n t 

resulting f rom application of the 

C S P opera t ion (2) to T jo ints . 

I m p r o v e m e n t in the f a t i g u e 

strength at 2 x 106 cycles due to 

shot p e e n i n g is 8 4 % . T h e 

i m p r o v e m e n t in t h e f a t i g u e 

strength obtained by shot-peening 

is attributed due to residual stress 

relief and induced compress ive 

stress at the surface. A crack can 

not initiate in a compressed layer 

nor p r o p a g a t e into it. 

C o m p r e s s i v e res idua l s t r e s s e s 

add up to serv ice tensile stresses 

so that surface tensi le stresses 

a r e c o n s i d e r a b l y r e d u c e d . A s 

near ly all f a t igue type fa i lu res 

or ig inate at the s u t ' a c e of the 

part, the shot peening - induced 

compressive layer is a successful 

mothod of preventing such failure 

[7], H o w e v e r , the shot peening 

var iables have to change in order 

to obta in requi red distr ibut ion, 

depth and gradient with different 

s i t u a t i o n to e n s u r e o p t i m u m 

resutls are achieved. It is worth 

ment ioned here that full coverage 

( 1 0 0 % or more) is essential to a 

g o o d , r e l i a b l e , r e p r o d u c t i b l e 

peening operation. 

Stress Corrosion Cracking 
(SCC) and Controlled Shot 
Peening 

In general , a corrosive med ium 

can have a decisive effect on the 

life of parts and of steel structures 

subjected to loading. In welded 

structure it is generally the Heat 

A f f e c t e d Z o n e tha t c a u s e s 

c o n c e r n b e c a u s e of the h igh 

residual tensile stresses. S C C is 

caused by one of four conditions-

Residual and or Appl ied Tensi le 

stress, Corros ive e n v i r o n m e n t s , 

suscept ib le a loys and t i m e [8]. 

T h e c r i t i c a l f a c t o r s b e i n g to 

ensure that the threshold level of 

tensile stress is not e x c e e d e d by 

the residual or the appl ied stress. 

T h e app l ied load c o m i n g form 

pressurization, temperatures dead 

weight of contents, bolting, wind 

or w a v e action. T h e s e loads can 

be low in m a g n i t u d e but in 

c o m b i n a t i o n w i th a r e s i d u a l 

tensi le stress f rom weld ing the 

threshold level can be reached. 

Shot peening can prevent S C C by 

imposing compress ive stresses at 

the surface of the work piece and 

that the feasibil ity of shot peening 

to prevent corrosion of austenit ic 

s t a i n l l e s s s t e e l s h a s b e e n 

establ ished [8,9.] T h e beneficial 

effect of shot peening in relation 

Tab le 2: 
Effect of Shot Peening at various percentages of yield on Sulphide stress 
cracking of 17-4 pH Stainless steel 

Appl ied stress Non-Peened Shot-Peened 
(% Yield) (hours to failure) (hours to fai lure) 

30% 29.8 720NF 
40% 37.9 561.0 
60% 15.4 538.5 
70% 15.2 219.1 

NF - No failure, test terminated 

Table 3: 
Effect of stress Relief on SCC resistance of peened Type 304 stainless steel 
U-bend specimens 

Stress Relief 
temperature (°C) Time Condit ion Tensi le SCC 

538 16 Unpeened 3h 
Peened 103 NF 

565 144 Unpeened 10h 
Peened 202 NF 

NF - No Failure, test terminated 
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Fatigue strength of welded joints in steel E460. in the basic post - weld and shot - peened conditions 

to S C C has been o b s e r v e d in 

o t h e r m a t e r i a l s s u c h as 

cons t ruc t i ona l s tee ls , T i t a n i u m , 

I n c o n e l s , H a s t e l l o y , C o p p e r 

s i l icon and m a g n s i u m al loys. 

The e f fec t s of shot peen ing in 

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

s u s c e p t i b l e 17 -4 p r e c i p i t a t i o n 

h a r d e n e d s t a i n l e s s s t e e l at 

va r ious pe rcen tages of y ie ld is 

presented in Tab le 2. 

In addi t ion it has been observed 

that res is tance to SCC is reta ined 

even at t empera tu res expec ted to 

reduce the level of compress i ve 

stress (Table 3) 

An o v e r v i e w of va r i ous resu l ts 

indicate that CSP techn ique could 

enable the use of high st rength 

steels for such ap l i ca t ions wi th 

pro long life. 

C O N C L U S I O N S 

C o n t r o l l e d sho t p e e n i n g has 

proved to be a rel iable techn ique 

for improv ing the life of we lded 

componen t . However , su f f i c ien t 

care of its app l ica t ion must be 

c o n d u c t e d to a c h e v e the r ight 

m a g n i t u d e and d e p t h ot 

c o m p r e s s i v e st ress. C S P is an 

a c c e p t a b l e p r o c e d u r e u n d e r 

A . S . M . E . B o i l e r and P r e s s u r e 

V e s s e l C o d e . T h e r e f o r e , in 

s i t u a t i o n w h e r e f a t i g u e , S C C 

cause p rob lems it is an economic 

p r o c e s s to use on s t r u c t u r e s , 

vesse ls etc. 
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Fig 7 Environment effect on the fatigue strength of welded joints after shot peening 
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In app l i ca t i ons w h e r e the cr i t ica l 

s t r e s s l e v e l s a r e k n o w n a n d 

t he rma l s t ress re l ie f is adequa te 

even t l f ough 1 5 - 2 0 % of t he H A Z 

stress can st i l l be p resen t a f te r 

t r ea tmen t , t hen C S P can o f ten be 

p re fe ren t ia l on e c o n o m i c g rounds 

only. In o ther w o r d s the t echn ique 

can be used as a s t ress re l i ev ing 

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

c o m p r e s s i v e s t ress i nduced is a 

b o n u s but no t e s s e n t i a l . Loca l 

C S P h a s s h o w n t o be 

c o n s i d e r a b l y c h e a p e r on m a n y 

s t r u c t u r e s t h a n t h e r m a l s t r e s s 

rel ief . 

A n a d d i t i o n a l b e n e f i t o f t h e 

t r e a t m e n t is that it is s o m e t i m e s 

d i f f i c u l t on s t r u c t u r e s w h i c h 

e x h i b i t c r a c k i n g to d e t e r m i n e 

w h e t h e r the p r o b l e m is su r f ace 

re la ted or t he m a t e r i a l or w e l d 

has a m a j o r sub -su r face de fec t . 

With Best Compliments from : 

O n a s t ruc ture where c rack ing is 

e x p e r i e n c e d a n d s o m e s u b -

sur face de fec ts are suspec ted but 

e n v i r o n m e n t p r o b l e m s a r e 

be l i eved to ex is t also it wou ld be 

feas ib le to g r ind out al l c racks 

and re-weld but th is wou ld be t ime 

c o n s u m i n g and e x p e n s i v e . A n 

a l t e r n a t i v e w o u l d be to s h o t -

p e e n i n g d u r i n g a m a i n t e n a n c e 

p e r i o d a n d r e - e x a m i n e at a 

s u b s e q u e n t d o w n t i m e . T h o s e 

c r a c k s w h i c h a re e n v i r o n m e n t 

re la ted wou ld be e l im ina ted and 

t h o s e c a u s e d by s u b - s u r f a c e 

w e l d s f l ows of a m a j o r na tu re 

may re-appear . Ef for t can then be 

e x p e n d e d o n l y on t h e s e i .e . 

g r ind ing out we ld ing , cons iderab ly 

reduc ing the re-work. 
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