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k r m g  t h e  l a s t  t i r 5 n t 7  zezrs r,uTerocs ;2-?--~rs have keen L2u5.iis::ed 

-. in :~:lich the  b e n e f i c i a l  e f f e c t s  of' shot-?eenil?,- 2 ~ 2  : ~ s c x 3 e & ,  

The r e s u l t s  of f a ' ; i p e  t e s 5 ;  ere ;reser;t%6 T o r  t:io t iyes  cT s 2 e c i -  

xens: s e r v i c e  ,-arts such 2 s  sp r ings ,  axles and crmJ:3h~ft~ 31ld 

1abora to r ; r  specimens such as a r e  u s e 2  in a 3.  2, I~Ioore o r  ?;rouse 

f a t i g u e  t e s t i n g  ~ a c h i n e .  Tbe benePicl;l eX'ect; of shot-3ee::izg 

s e r v i c e  p a r t s  are usuall ;  more pronounced t l x n  t he  5 e x f i c i z - 1  ~ e -  

mlt s  o f  shot-peening l a5ora to ry  specizens.  O n  the o C c  :2wLd, it 

is nore  d i f f i c u l t  t o  i s o l a t e  the  e f f e c t s  of shot-pee~irg ; m & ~ c i r -  
C 

an inc reased  f a t i p e  s t r e n g t h  o f  s e r v i c e  ~ e r t s  tka:: i t  is to isc- 
w 

l e t e  these  e f f e c t s  i n  s h o t - p e e ~ e d  laborator ;  specizens.  I n  this 

pa?er some OF t h e  r e s u l t s  which a r e  a v e i l a b l e  i n  the  1iterrt::re 

f o r  f a t i p e  t e s t a  o n  s e r v i c e  anrf o w i l l  be p r e s e n t  e", f d l 9 : i e d  3- 

the r e s u l t s  of' r a t i g u e  t e s t s  on l a b o r e t o r y  spec ine? .~ .  The factors 

res3ons ib le  for t h e  increased  fz t iSe  s t r eng t l l  w i l l  t h e n  be i s o -  

l a t e d  and treated il a rational manner x'1 e r e  p o s s i b l e ,  

I. Fat i=e  Tes ts  of  Shot-Feene2 Serv ice  P a r t s  

Cons iderac le  l i t e r a t u r e  has b e e n  accnml;te"i? t h e  p s t  317 

the b e n e f i c i a l  e f f e c t  of shot-neenicg s e r v i c e  inrts. A sza l l  

runbe?  o f  r e y e s e n t n t i v e  r e fe rences  w i l l  'Je revie??eZ t o  g:ve sup-or: 

t o  this s t e t e x e n t .  
, 

C a ~ i o o d ,  Zwburg 2nd ET~C:CSOR (11% -.ale r e v e r s e ?  ke rd lng  fa- 

t i g e  t e s t s  on fcdc2.2 stee~ini :~:3ucBles made oi' SAE LO52 s t z e l .  

These -art; hi? f i l l e t s .  rls~ltLng i n  2 t h o r e t i c o l  stress c o r c e z -  



t r a t i o n  i a c t o r  of 1.80, determined photoelas  t i c a l l y .  me s t r e n g t h  

r e d u c t i o n  f a c t o r  was 1.67, g iv ing  a notch s e n s i t i v i t y  f a c t o r  of 

0.84. The r e s u l t s  obtained from the f a t i g u e  t e s t s  a re  shown i n  

Table I. 

E f f e c t  of Shot-peening S t e e r i n g  Knuckles 

P a r t  - Nominal Fat igue  Limit ( p s i )  $ Increase  

Standard 33,000 0 

Shot-peened 429200 28 

The same group of i n v e s t i g a t o r s  ( 1 ) a l s o  r e p o r t e d  on r e -  

versed bending t e s t s  of automotive r e a r  ax les  made of SAE-AISI 4063 

s t e e l ,  a s  g iven  i n  Table 11. 

E f f e c t  of Shot-peening Rear Axles 

Surf ace Condit ion Fat igue Limit  ( p s i )  $ Increase  

As forged 26,000 0  

Shot -peened 38,000 31 

The f a t i g u e  l i m i t  of the as-forged ax les  was only 26% o f  the 

f a t i g u e  limit as determined by l a b o r a t o r y  t e s t a  i n  R.  R. Moore 

r o t a t i n g  bending f a t i g u e  machines. The p r i n c i p a l  f a c t o r s  cont r ib-  

u t ing t o  the  decreased fatigue s t r e n g t h  f o r  the "as-forgedn p a r t s  

were said t o  be su r face  deca rbur i za t ion  and sur face  roughness. 

Mattson ( 2 ) found the  f a t i g u e  l i f e  of shot-peened leaf sp r ings  



i nc reased  by a f a c t o r  of ten .  Sacha ( 3 )  d i scussed  a ca se  i n  

which shot-peening r a i s e d  the  f a t i g u e  s t -ength  of a decarbur ized  

su r f ace  of SPX 4340 s t e e l  t o  t h a t  of a c a r e f u l l y  machined s u r f a c e .  

It i s  t hus  we l l - e s t ab l i shed  t h a t ,  a t  l e a s t  i n  many i n s t a n c e s ,  

shot-peening improves t h e  f a t i g u e  s t r e n g t h  of serv 'ce  p a r t s ,  The 

shot-peening has  a t  l e a s t  p a r t i a l l y  removed t h e  e f f e c t s  of poor 

s u r f a c e  f i n i s h  and r e s i d u a l  t e n s i l e  s t r e s s e s  on t h e  su r f ace  of t he  

p a r t ,  o r  i t  has s e t  up b e n e f i c i a l  e f f e c t s  which c o u n t e r b a i m c e  these  

d e l e t e r i o u s  e f f e c t s ,  It i s  t h e  unce r t a in ty  i n  t h e  c o n d i t i o n  o f  t h e  

s u r f a c e  and t h e  r e s i d u a l  s t r e s s e s  i n  s e r v i c e  p a r t s  be fo re  sho t -  

peening which make i t  d i f f i c u l t ,  t o  a s s e s s  t h e  f a c t o r s  in t roduced 

by shot-peening which account for t h e  improved f a t i g u e  s t r e n g t h .  

On t h e  o t h e r  hand, simple l a b o r a t o r y  specimens, such a s  a r e  used 

i n  R .  R .  Moore f a t i g u e  machine, are c a r e f u l l y  prepared and the  SUP- 

f a c e  cond i t i ons  a r e  known. The s f f e c f s  in t roduced  by shot-peening 

a r e  e a s i e r  t o  e v a l u a t e  i n  t h i s  s a s e .  



n,, F a t i m e  Tes ts  of Shot-Peened Laboratory Specimens 

The r e s u l t s  of some t y p i c a l  f a t i g u e  t e s t s  on simple l abora to ry  

specimens which have been shot-peened are presented  i n  this s e c t i o n ,  

H. F. Moore (4 ) f o u n d  the f a t i gue  limits for var ious  sur face  con- 

d i t i o n s  f o r  two s t e e l s  shown i n  Table I11 and IV, 

TABLE 111 

Carburized Nickel - Chromium - Molybdenum S t e e l ,  

with Various Surface Treatments 

Surface Treatment  Fatigue L i m i t  ( p s i )  

(1) As rece ived ,  carburized, 58,000 

then  heat t r e a t e d  

( 2 )  Surface  honed 

( 3 )  Pol i shed  00 emery c l o t h  

(4) Shot-peened 
(5 )  Shot-peened and honed 

TABU3 IV 

Hot-rol led SAE 1020 S t e e l  

with Various Surface Treatments 

Surface Treatmsnt F a t i g u e  Limit (psi ) 

(1) As received, ho t - ro l l ed  28,000 

( 2 )  Polished 00 emery cloth 35,000 

( 3 )  Shot-peened and honed 379000 

Change 

-20 

0 

.+ 6 



A subs t an t i a l  increase i n  the fa t igue  s t r eng th  was obtained 

by po1Fshin.g the surface of the specimens. However, shot-peening 

the polished surface gave only a small increase i n  f a t i gue  strength.  

The fa t igue  s t r eng th  was increased s l i g h t l y  more by honing the 

shot-peened surface.  

Recently fa t igue  data ( 5 ) have been published on r o t a t i n g  

bending t e s t s  on specimens o f  hardened and tempered spr ing s t e e l  

which were shot-peened. These r e s u l t s  are  given i n  Table V. 

TABLE V 

Shot-peened Tempered Spring S t e e l  

Surface Condition Fatigue L i m i t  ( p s i )  $ Change 

(1) As hea t  t r ea t ed  87,300 -21 

( 2 )  0,0025" polished from 110,000 0 

surfaceJmicro-inch f i n i s h  

( 3  ) Sho t-peened 1-14, 000 + 4 

The shot-peened specimens were only s l i g h t l y  s t ronger  than the 

polished specimens. 

Hanley and Dolan ( 6 ) published the r e s u l t s  of r o t a t i n g  bend- 

ing fa t igue  t e s t s  performed by Wiegand ( 7 ) .  These data  are  given 

i n  Table VI. 



TABLE VI 

Ef fec t  of Surface Finish on  Fatigue L i m i t  

Surface F in i sh  Fatigue L i m i t  ( p s i )  Change 

(1) Ground and polished 00 79,650 0 

( 2 )  Lapped 80,350 + 1 

( 3 )  Roughened with 24 emery c lo th  66,850 -16 

(4) Polished and shot-blasted 81,100 + 2 

( 5  Roughened a s  i n  ( 3 )  and shot- 79,650 

b las ted  

The sho t -b las t ing  gave no s i g n i f i c a n t  improvement i n  the f a t i g u e  

s t r eng th  of polished specimens. Roughening of the surface reduced 

the f a t i gue  s t r eng th  by 16% and shot-blast ing the roughened sur- 

face  r e s to red  the  f a t i gue  s t r eng th  t o  t h a t  f o r  polished specimens. 

I n  other  words, i f  one s t a r t s  wi th  a roughened or  "as-heat- 

t rea ted"  surface,  a considerable improvement i n  s t reng th  can be 

made by shot-peening, but not much more than by polishing.  Further- 

more, approximately the same f i n a l  s t reng th  can be obtained by 

shot-peening a roughened o r  a s  received surface a s  by shot-peening 

a polished surface.  

The f a c t  that a c e r t a i n  fa t igue  s t r eng th  i s  a c h a r a c t e r i s t i c  

of the shot-peened surface,  regardless  of p r io r  surface conditions, 

can a l s o  be seen from the data  ( 1) of Table VII. 



TABLE YJII 

Effect of Shot-peening and Superfinishing 

Surface Condition F a t i p e  L i m i t  ( p s i )  - 
Polished 65,000 

Polished and shot-peened 

Superf inished 

Superfinished and shot- 

$ Change 

peened 

In this case the shot-peening has raised the strength of the  

polished specimens presumably because the beneficial effects of 

residual stress p r e d o m i n a t e ;  but the shot-peening has lowered the 

strength of the  superfinished specimens, presumably because the 

detrimental effects of surface roughness predominate. Thus, the 

question here is not "Why does shot-peening strengthen in one case 

and weaken in another?", but rather "Why are the strengths so dif- 

f e ren t  for two different degrees o f  polishing?". 

III .Com~arison of Fatigue Data f o r  Shot-peened Service Parts 

and Simple Laboratory S~ecimens 

The increase in the fa t igue strength of service  parts due to 

shot-peening is variourlg r epor ted  f r o m  18 to 43% according to 
references cited in Section I. In contrar t ,  the improvement in 

fatigue rtrength of pol inhod laboratory upecimena discusasd in 



f a t i g u e  s t r e n g t h  due t o  shot-peening t b  nas  r ece ivedn  o r  "rough- 

ened" sur face  i s  computed, the r e s u l t s  shown i n  Table V I I I  are 

obtained 

TABLE V I I I  

E f f e c t  of Shot-peening and Pol i sh ing  

Data from Table Fatigue L i m i t  ( p s i  1 5 Inc rease  

Poll shed Shot-Peened 

A s  r ece ived  - 58,000 19 22 

As rece ived  - 28,000 25 32 

Roughened - 66,850 19 19 

A s  rece ived  - 87,300 26 30 

Shot-peedng increased  the  f a t i g u e  s t r e n g t h  of  the "as r e -  

ceived" o r  roughened sur face  by 19 t o  32$, and p o l i s h i n g  increased  

the f a t i g u e  s t r e n g t h  19  t o  26$, 

The conclusion i s  t h a t  e i t h e r  po l i sh ing  o r  shot-peening a 

roughened o r  as - rece ived  surf ace g ives  a s u b s t a n t i a l  improvement 

i n  f a t i g u e  s t r e n g t h ;  the  shot-peening i s  only  s l i g h t l y  more bene- 

f i c i a l  than pol i sh ing .  

In the l i g h t  o f  t he  r e s u l t s  shown i n  Tables I11 t o  V I I I ,  the 

seeming discrepancy be tween the e f f e c t s  of shot-peening manufactured 

p a r t s  and l a b o r a t o r y  specimens no longer  causes any confusion. It 

has been customary t o  express  the e f f e c t  of shot-peening a s  the 

improvement over p o l i s h i w  f o r  l a b o r a t o r y  specimens, but  a s  the 

improvement over  as-received su r faces  f o r  manufactured p a r t s .  



For proper  comparison of the e f f e c t s  of shot-peening on manufactured 

p a r t s  ahd l a b o r a t o r y  specimens, the improvement over as-received 

su r faces  should be s t a t e d  i n  both  cases .  When t h i s  i s  done, i t  i s  

found that shot-peening manufactured p a r t s  g ives  18 t o  43% improve- 

ment, Tables I and I1 and References ( 2 )  and (31, 

uhile shot-peening l a b o r a t o r y  specimens g ives  1 9  t o  32% improvement 

(Table V I I I )  . Thus, the improvements a r e  q u i t e  s i m i l a r  f o r  the 

two c a s e s o  

The improvement a t t a i n e d  by shot-peening on as-received a u r -  

face  i s  undoubtedly a complex e f f e c t  involv ing  r e s i d u a l  s t r e s s ,  

surface roughness, co ld  work, and p o s s i b l y  o t h e r  f a c t o r s .  In  t h e  

next  s e c t i o n  a n  a t tempt  w i l l  be made t o  i s o l a t e  t h e  e f f e c t s  of 

these  f a c t o r s  f o r  the simpler s i t u a t i o n  &ere the sur face  i s  po l i shed  
8 

before the  shot-peening. 

I V .  Fac tors  Introduced by Sho t-peening 

For so- time i t  has been recognized that a t  l e a s t  t h r e e  

e f f e c t s  a r e  in t roduced  by shot-peening (4 8 1, namely, 

(1) Cold working, 

( 2 )  Res idual  s t r e s s ,  

( 3 )  S t r e s s  concent ra t ions .  

The r e l a t i v e  e f f e c t s  o f  these three f a c t o r s  have not been e s t a b l i b d  

However, the r e s u l t s  of  a  s u f f i c i e n t  number of i n v e s t i g a t i o n s  have 

been r e p o r t e d  t o  i n d i c a t e ,  i n  a q u a l i t a t i v e  manner, the s i g n i f i c a n c e  

t o  be a t t a c h e d  t o  each  of these  f a c t o r s .  In t h i s  s e c t i o n  each  of 

these f a c t o r s  i s  discussed. 



(1) Cold Working 
- The b e n e f i c i a l  e f f e c t  of cold working on f a t i g u e  s t r e n g t h  

has been e s t a b l i s h e d  by s e v e r a l  i n v e s t i g a t o r s .  Moore and 

Komers ( 9 )  r epor t ed  an inc rease  i n  the f a t i g u e  s t r e n g t h  of' 

0.18% carbon s t e e l  bars  which had been pu l l ed  well i n t o  the 

plaa t i c  region,  s t r e s s  r e l i e v e d ,  and f a t i g u e  t e s t e d ,  These 

ba r s  were supposed b y  the au thors  t o  be f r e e  of r e s i d u a l  s t r e s s ,  
- 

but no measurements were made t o  v e r i f y  t h i s  condi t ion.  The 

r e s u l t s  obtained f r o m  the  f a t i g u e  t e s t s  a r e  g iven  i n  Table IX. 

TABLE IX 

E f f e c t  of Pres  t r e t c h i n g  on Fatigue L i m i t  

Cold ~ o r k i l ; 8 ;  " F a t i ~ u e  Limit ( p s i )  $ Change 

Uns t r e t c h e d  28,000 0  

S t r e t c h e d  between Y.P. 359000 

and u l t i m a t e  

S t r e t c h e d  t o  u l t ima te  4 L o o o  46 

Late r  t e s t s  of the same kind on a  higher carbon s t e e l  by 

Horger and MaulbetschQO) gave s i m i l a r  r e s u l t s .  Horger and 

Maulbetach (10) a l s o  gave the r e s u l t s  of f a t i g u e  t e s t s  on speci-  

mens removed f'rom successive l a y e r s  of a  0.45% carbon s t e e l  

s h a f t ,  2 inches  i n  diameter. Vickers diamond pyramid hardness 

measurements i n d i c a t e d  the cold working had increased  the 

hardness  t o  a depth  o f  4 inch. The gpecimens had a  progressive 

i n c r e a s e  i n  f a t i g u e  s t r e n g t h  from 37,500 p s i  t o  43,000 psi a s  
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t h e l e s s ,  they  emphasized t h a t  i t  was no t  implied t h a t  r e s i d u a l  

s t r e s s e s  had no e f f e c t  o r  t h a t  they cannot be important i n  

some cases.  In a s e r i e s  of papers Mattson ( 13, & ) discusses  

the b e n e f i c i a l  e f f e c t s  of r e s i d u a l  sur face  compressive s t r e s s e s  

produced by shot-peening. These s t r e s s e s  were about 60% of 

the y i e l d  s t r e n g t h  f o r  hard m a t e r i a l s  and somewhat higher  f o r  

s o f t e r  n a t e r i a l s  due t o  the  inc rease  i n  the yield s t r e w t h  r e -  

s u l t i n g  from the peening. Eowever, Mattson does not  r u l e  out  

the b e n e f i c i a l  e f f e c t  o f  cold working which he s t a t e s  may be 

s i g n i f i c a n t ,  bu t  i t  cannot be measured a s  r e s i d u a l  s t r e s s e s  

can be, 

I n  s h o r t ,  the  r e l a t i v e  b e n e f i c i a l  e f f e c t s  of cold-working 

and r e s i d u a l  s t r e s s  o n  f a t i g u e  s t r e n g t h  have no t  been es tab l i sbd ,  

( 2 )  Residual  S t r e s s  

Recently,  with improved measurement techniques,  g r e a t e r  

emphasis has been given t o  the e f f e c t  of r e s i d u a l  s t r e s s  on 

f a t i g u e  s t r eng th .  Probably the  e a r l i e s t ,  and s t i l l  the most 

comprehensive, i n v e s t j g s t i o n  on this s u b j e c t  was performed by 

Buhler and Buchholtz (i5J6). The r e s i d u a l  s t r e s s e s  were i n t r o -  

duced i n t o  carbon s t e e l s  by quenching from the tempering temper- 

a t u r e ,  They were measured by mechanical d i s s e c t i o n  and were 

found t o  va ry  from 40 t o  100% of the g i e l d  s t r e n g t h .  Residual 

su r face  compressive s t r e s s e s  increased  the  f a t i g u e  l i m i t  an 

average o f  13%, t he  range of increase  being 6 t o  22%. The 



grea t e s t  increase occur red  f o r  the specimens having the l a r g e s t  

r es idua l  compressive s t r e s s e s ,  Residual surface t e n s i l e  

s t r e s s e s  decreased the f a t i gue  l i m i t  12 to  16$, with an  aver- 

age decrease o f  14%. The change i n  the f a t i gue  l i m i t  with 

res idua l  s t r e s s  i s  shown i n  Figure 1. 

( 3 )  S t r e s s  Concentration 

The detr imental  e f f e c t  o f  s t r e s s  r a i s e r s  on fa t igue  

s t r eng th  i s  well  known, but  there a r e  no d i r e c t  measurements 

of how large  t h i s  e f f e c t  i s  f o r  the roughness o f  a shot-peened 

surface.  The da ta  o f  Horger and Neifert .  (8), as shown i n  

Table X, furnishes  i n d i r e c t  evidence a s  t o  how large  the sur- 

face roughness e f f e c t  might be. 

TABLE X 

E f f e c t  o f  Shot Size Used i n  Peening 

on Fatigue L i m i t  

Surf ace Condl t i o n  A r c h e i ~ h t  i n 0 . 0 0 1 i n .  Fatigue $change Surface 
( a  measure of  r e s i d u a l  s t r e s s )  L i m i t  Smooth- 

A h n  S t r i p s  Ipsi) ness 
A C 

Polished-not  shot- 
peened 
NO. 28 shot  
(0.0188 in.)  1 
No, 22 shot  
(0.0315 in . )  2 
Noe I 9  
(0 .055in .1  3 

poor 1 

good 2 

f a i r  3 

The three surfece smoot,hness c o n d i t i o n s  g iven  i n  the  Table X a re  

. described as follows: 



Photomicrographs showed notches and sharp s u r f  ace 

cont inui  t i e s .  

R e l a t i v e l y  smooth sur face ,  cons i s t ing  of shallow, 

indenta t ions  

I n t e r m d i a t e  sur f  ace roughness be tween 'goodn and 

d i s -  

"poor * . 
22 shot ,  The t ab le  shows t h a t  the f a t i g u e  s t r e n g t h  f o r  No. 

where the sur face  i s  good,  i s  8% higher  than  the f a t i g u e  

s t r e n g t h  f o r  No. 19 sho t ,  where t h e  su r face  i s  only f a i r ,  even 

though the favorable  r e s i d u a l  s t r e s s  i s  h ighe r  f o r  the No. 19 

shot .  This means t h a t  there  would be more than 8% d i f fe rence  

i n  the Kf values  f o r  two condi t ions  of shot-peening i f  there  

were the same r e s i d u a l  s t r e s s  f o r  both cond i t ions ,  The re -  

s u l t s  using No. 28 sho t  show t h a t  the de t r imen ta l  e f f e c t s  of 

a  poor su r face  can almost wholly coun te rac t  the b e n e f i c i a l  

e f f e c t s  of r e s i d u a l  s t r e s s .  

Pol i sh ing  a f t e r  shot-peening ( 5 ) a l s o  serves t o  show the 

e f f e c t  of the  sur face  roughness caused by  t h e  peening. Table XI . 
shows t h a t  the f a t i g u e  s t r e n g t h  f o r  a given (good) p o l i s h  i s  

22$'higher when the p o l i s h i n g  has been preceded by shot-pee-, 

because of surf  ace compression and poss ib le  cold work. 



TABLE XI 

E f f e c t  o f  Removing Surface Layers 

from Shot-peened Specimens 

Surface  Condition 

A s  heat t r e a t e d  

0.0025" p o l i s h e d  f r o m  su r face ,  

7' i n .  f i n i s h  

Shot-peened, 0.0039" polished 

F a t i m e  L i m i t  ( p s i )  

f r o r ;  su r face ,  7/ in. f i n i s h  

Bowever, most o f  t h i s  benef' i t  was counteractec 3 by t h e  18% 

weakening due t o  t h e  roughness o f  t h e  peened su r face ,  r e s u l t -  

ing i n  a  n e t  rein over  t h e  po l i shed  su r face  o f  o n l y  4%. Note 

a l s o  from Table X I  t h a t  e i t h e r  shot-peening o r  p o l i s h i n g  g ives  

a t  least 20% s t rengthening  over  t h e  a s -hea t - t r ez ted  ba r s .  

Fron Tcbles X and X I  i t  mag be concluded that t h e  surface 

roughness due t o  shot-peening i s  2 p o t e n t  f a c t o r ,  whose de- 

t r i m e n t a l  e f f e c t s  mzy almost completely counterac t  t h e  benefi-  

c i a l  effects due t o  r e s i d u a l  s t r e s s  2nd co ld  work, 

Several i n v e s t i g a t o r s  have shown t h a t  a h igher  f a t i p e  

l i m i t  is ob ta ined  f o r  co ld - ro l l ed  than f o r  shot-peened surfaces .  

For example, i n  e Russian p u b l i c a t i o n  (17) t h e  values given 

i n  Table X I 1  were presented  f o r  s p r i n g  s t e e l .  



T A B U  X I 1  

Effec-t of Shot-peening and Cold-rol l ing Spr ing  S t e e l  

Surf ace Condition Fat igue Limit  ( p s i )  % I n c r e a s e  

Pol ished 69,200 0  

Shot-peened 76,000 10  

Cold-rolled 88,800 28 

Since sur face  roughness i s  somewhat l e s s  severe  f o r  cold- 

r o l l e d  than  f o r  shot-peened specimens, i t  i s  reasonable  to  . 

suppose, i n  the  light of the previous conclusion,  t h a t  the 

g r e a t e r  improvement by co ld - ro l l ing  than  by shot-peening i s  

due t o  the f a c t  t h a t  the re  i s  l e s s  de t r imen ta l  e f f e c t  of 

su r face  roughness t o  coun te rac t  the b e n e f i c i a l  e f f e c t s  of 

r e s i d u a l  s t r e s s ,  

V. Rat iona l  Analysis  of the  E f f e c t  of S h o t - p e e n i q  

In the previous s e c t i o n s ,  a  summary has been presented  re-  

garding the  e f f e c t s  of the t h r e e  p r i n c i p a l  f a c t o r s  introduced by 

shot-peening : cold-working, r e s i d u a l  s t r e s s ,  and stress concen- 

t r a t i o n s .  Although t h e  r e l a t i v e  b e n e f i t  of cold-wor king and re -  

s i d u a l  stress are s t i l l  c o n t r o v e r s i a l ,  i t  w i l l  be shown i n  this 

s e c t i o n  that a r a t i o n a l  procedure now e x i s t s  f o r  p r e d i c t i n g  t h e  

inc rease  i n  f a t i g u e  s t r e n g t h  due t o  shot-peening. This method 

neg lec t s  the e f f e c t  of cold-working and takes account on ly  of re-  

sidual s t r e s s  and s t r e s s  concent ra t ions .  



The premise on which  t h i s  method i s  based i s  t h a t  r e s i d u a l  

s t r e s s  may be t r e a t e d  a s  a  mean s t r e s s  i n  a  Haigh-Soderberg, o r  

s i m i l a r ,  diagram. The e a r l i e s t  r e fe rence  which has been found t o  

t h i s  method of t r e a t i n g  r e s i d u a l  s t r e s s  i s  g iven  i n  (18). A 

t y p i c a l  Haigh-Soderberg diagram i s  shown i n  Figure 2 .  I n  t h i s  

diagram, the mean s t r e s s  i s  the a b s c i s s a  and the a l t e r n a t i n g  s t r e s s  
7 

i s  the o rd ina te  f o r  a p resc r ibed  f a t i g u e  l i f e ,  10 cyc les  i n  t h i s  

One of the f i r s t  a t tempts  t o  t r e a t  the r e s i d u a l  s t r e s s  a s  a  

mean s t r e s s  i s  d i scussed  by Horger and Nei fer t  ( 1 9  ) us ing  d a t a  

obtained by Schmidt ( 2 0 ) .  Schmidt determined the f a t i g u e  s t r e n g t h s  

of uns t r a igh tened  c rankshaf t s  and c rankshaf t s  s t r a i g h t e n e d  by p la s -  

t i c  bending. The Haigh-Soderberg diagram obta ined  from t e s t s  on  

the  uns t ra ightened  crankshaf t s  i s  shown on Figure 2.  A s  i n d i c a t e d  

in t h i s  f i g u r e ,  the  r eve r sed  bending f a t i g u e  s t r e n g t h  was 87,000 p s i .  

The r e s i d u a l  l o n g i t u d i n a l  t e n s i l e  s t r e s s e s  produced i n  the 

c rankshaf t  f i l l e t  by s t r a i g h t e n i n g  were measured by t h e  x-ray d i f -  

f r a c t i o n  technique before  f a t i g u e  t e s t i n g  and were found t o  be 

between,85,000 and 100,000 p s i .  Refer r ing  t o  Figure 2, and using 

the r e s i d u a l  s t r e s s  o f  100,000 psi as a mean stress, the f a t i g u e  

s t r e n g t h  is f o u n d  t o  be 54,000 p s i .  The measured fa t igue  s t r e n g t h  

was found by experiment t o  be 70,000 ps i .  

I n  analyzing t h i s  discrepancy between the  p red ic t ed  and meas- 

ured f a t i g u e  s t r e n g t h ,  i t  was r e a l i z e d  t h a t  perhaps the r e s i d u a l  

s t r e s s e s  were decreased during c y c l i c  loading  ( f a d i n g )  . I n  order  



t o  pursue t h i s  pos s ib i l i t y ,  the r e s idua l  s t r e s s  i n  a p l a s t i c a l l y  

s t ra ightened crankshaft a f t e r  i t  was subjected t o  5 x l o 5  cycles 

of a l t e r n a t i n g  s t r e s s  was measured by x-ray d i f f r a c t i o n  and i t  

was found to  have been reduced t o  48,000 ps i .  Using t h i s  s t r e s s  

as  a mean s t r e s s  i n  the Haigh-Soderberg diagram, the a l t e r n a t i n g  

s t r e s s  i s  71,000 ps i .  This value compared qu i t e  well with the 

experimentally de terrnined value of 70,000 ps i .  

T h i s  inves t iga t ion  ind ica tes  t h a t  the f a t i gue  s t r eng th  can 

be predic ted  neglect ing the e f f e c t  of cold-wor king i f  tbe r e s idua l  

s t r e s s  i s  t r e a t e d  as  a mean s t r e s s  and if the fading o f  r e s idua l  

s t r e s s  i s  taken i n t o  account. 

In  applying these concepts t o  the p red ic t ion  of f a t i gue  

s t r eng th  of shot-peened specimens two add i t iona l  items o f  information 

are needed: 

(1) How can the fading of  r e s i d u a l  s t r e s s  be predic ted?  

( 2 )  What i s  the method of t r e a t i n g  s t r e s s  concentrat ions? 

Several  inves t iga to rs ,  notably Rosenthal and h i s  co-wor kers, have 

provided b o t h  the p r inc ip les  and supporting experimental da t a  for 

answering these que a t ions  . 
Considering f i r s t  the problem of fading of r e s idua l  s t r e s se s ,  

Norton and Roaenthal ( 18) s t a t e  t h a t  r e s i d u a l  s t r e s s e s  decrease 

during cyc l i c  loading when the unnotched bar f a t i gue  l i m i t  i s  60% 

o r  more of the  y i e ld  s trength.  Therefore, the c r i t e r i o n  f o r  fading 

i s  the r a t i o  of the fa t igue  l i m i t  of unnotched polished specimens 

t o  the y i e ld  s t rength .  T h i s  i s  m r e l y  the c r i t e r i o n ,  the ac tua l  



method o f  t r e a t i n g  fading w i l l  be zorisidered a long  with a s tudg 

of the second q u e s t i o n  regarding s t r e s s  c o n c e n t r a t i o n s ,  s i n c e  i n  

the  inves  t i g a t i o o s  d i scussed  her5 these two effects were cons idered  

t o g e t h e r ,  

Rosenthal  and S i x e s  (21) i n v e s t i g a t e d  the f a d i n g  of  r e s i d u a l  

s t r e s s e s  i n  &ST and 61~0 notched bars dur ing  f a t i g u e  testing, 

and the e f f e c t  of those r e s i d u a l  3 t r e s s e s  o n  fatigue s t r e n g t h ,  

The p r o p e r t i e s  cf the  m a t e r i a l s  a re  ~ i v e n  i n  Tab le  X I I I .  

TABU3 XI11 

Standard P r o p e r  ties cf Aluminum 

Alloys used by Rosenthal and Sines ( 21) 6 1 s . ~  

0.2% y i e l d  s t reng th ,  ST, psi 

Ultimate s t rength ,  psi 

Smooth bar fatigue s t rengtn,S, ,  p a l  

The specimens were f i r s t  p l a s t i c a l l y  pre-s  t r a i n e d  i n  tension 

o r  compression t o  produce r e s idua l  s t r e s s  a t  the root o f  the notch 

and then they were tested i n  reversed bending o r  with equal mean 

and alternating s t r e s s  components. Res idua l  s t r e s s  was measured 

l o c a l l g  w i  th x-rays. 

Measurements o f  nominal f 2.t i p s  3 t reng th  and l o c a l  r e s i d v a l  

s t r e s s  befcre and a f t e r  cyc l ing  are shown in Table XIV.  





The t abu la t ed  values  o f  i n i t i a l  r e s i d u a l  s t r e s s  a re  averages 
2% 

o f  s e v e r a l  measurements," 

Values of these same q u a n t i t i e s ,  c a l c u l a t e d  according t o  

the concepts o f  Rosenthal and Sines and o the r  common concepts,  

a re  a l s o  *shown f o r  comparison. The concepts o f  Rosenthal  and 

Sines  a r e  a s  fol lows:  

1. The r e s i d u a l  s t r e s s e s  w i l l  no t  be changed by cyc l ing  i f  

maxinum t o t a l  s t r e s s  i s  l e s s  than the y i e l d  s t r eng th .  

The maximum t o t a l  s t r e s s  i s  the maximum sum of' r e s i d u a l  

s t r e s s ,  mean load  s t r e s s  and a l t e r n a t i n g  l o a d  s t r e s s .  

2,  Zesidual  s t r e s s  may be t r e a t e d  a s  a mean s t r e s s .  The 

equ i l ib r iu r ,  value ( a f t e r  c y c l i n g )  should be used. 

3. The curve o f  nominal mean s t r e s s  vs  nominal a l t e r n a t i n g  

s t r e s s  f o r  notched bars can be obtained f r o m  the unnotched 

curve by d iv id ing  both  a b s c i s s a s  and o r d i n a t e s  by ;Cre 

4. Cold work e f f e c t s  can  be disregarded.  

These concepts a re  based on mconven t iona l  assumptions con- 

cern ing  the f a t i gue  behavior of the m a t e r i a l  i n  a r eg ion  of s t r e s s  

concent ra t ion .  Therefore,  i t  i s  worthwhile t o  t a b u l a t e  these  

assumptions and d i scuss  t h e i r  s i g n i f i c a n c e  : 

1. The maximm nominal s t r e s s  a t  the fatigue l i m i t  f o r  a 

notched specimer, i s  equal  t o  the maximum s t r e s s  a t  the 

f a t i gue  linit f o r  unnotched specimens d iv ided  by the 

I n  some cases  the values  were obtained b7 c a l c z l a t i o n  using 
,- + .  the method of Ref ,  L.,, 



s t rength  ~ e d u c t i o n  f a c t o r ,  rye This neans that i n  a 

- Haigh-Soderberg diagram for unno tched fatigue 3 t r e n g t h  

both the mean and a l t e r n a t i n g  components o f  s t r e s s  are 

t o  be divided by E;f. The s t r eng th  reduct ion f a c t o r  

represents the response of the m a t e r i a l  to  the e f f e c t  

o f  b iax ia l  s t r e s s ,  s t e e p  s t r e s s  g rad ien t ,  strain-hardening, 

and p o s s i b l y  o t h e r  e f f e c t s .  

2 .  The t r u e  maxinum l o c a l  s t r e s s  a t  the r o o t  a f  the notch 

i s  equa l  t o  the r n a x i m ~ n  nominal s t r e s s  m u l t i p l i e d  by 

+ I n  a Haigh-Soderberg diagram f o r  the nominal fa t igue  

s t r e n g t h  for notched specimens, b o t h  the  mean and a l t e r n a t -  

ing  components o f  s t r e s s  are  m u l t i p l i e d  by K t  t o  ge t  l o c a l  

s t r e s s ,  

3 .  The  a c t u a l  maximum l o c a l  s t r e s s  cannot g r e a t l y  exceed the 

y i e l d  s t r s n g t h .  If the maxi:num l o c a l  stress at the begin- 

ning of cyclic i o ~ i 2 i n g  does exceed the y i e l d  s t r e n g t h ,  

the  s t r e s s  w i l l  be decreased by plastic f l o w  u n t i l  the 

a c t u a l  maximum local stress i s  equs l  to  the y i e l d  s t r e n g t h  

( o r  slightly greater, bscause,of s t r a i n  hardening). 

4. The l o c a l  residual s t r e s s  is t r ea t ed  i n  the same manner 

as the local mean l o a d  s t r e s s .  The maxiam s t r e s s  is the 

sum of l o c a l  mean and a l t e r n a t i n g  l o a d  s t r e s se s  and l o c a l  

r e s i d u a l  s t r e s s .  



5'. If the sum of l o c a l  load s t r e s s  and r e s i d u a l  s t r e s s  

does exceed the y i e l d  s t r eng th ,  the r e s i d u a l  s  t r e s s  

will change u n t i l  t he  maximum s t r e s s  i s  approximately 

equal  t o  the  y i e l d  s t r e n g t h .  

The use of these  a s s u ~ p t i o n s  i n  p r e d i c t i n g  -,he f a t i g u e  s t r e n g t h  
i l  

61ST and 61s-0 i s  shown g r a p h i c a l l y  i n  Figs. 3 and 4. A descr ip-  

' I 
In of the cons t ruc t ion  of these  f i g u r e s  i s  g iven  below, 

I n  Figs .  3 and 4 the Haigh-Soderberg diagram i s  drawn f o r  

' ' l k c h e d  s p e c h e n s .  These curves,  marked A,  a r e  drawn through 

' * I  ? r imen ta l  va lues  of a l t e r n a t i n g  s t r e s s  mean s t r e s s  r a t i o s  ( s I J s ~ )  
I 

9 ,  1, and w o  

Curves B i n  Figs. 3 and 4 descr ibe  the nominal f a t i g u e  s t r eng th  ' 
notched specimens. These curves were obtained by  d iv id ing  

' (  ! \  , 

' I  a l t e r n a t i n g  and mean components of s t r e s s  by Kf, as pos tu la t ed  
' I  

' losentha1 and Sines .  The s t r e n g t h  r educ t ion  f a c t o r ,  Kf, was 
i f <  1 %  

' m i n e d  f o r  r eve r sed  bending (sn = 0 ~r s,/s, = 00 ) t o  be 
I 

' for 6 l S T  and 1.92 f o r  61s-0. 

Curves Bt a r e  shown f o r  comparison purposes arxl were obtained 
I ' d  , 

i i v i d i n g  o n l y  the a l t e r n a t i n g  component of s t r e s s  by Kyo This 
1 I ,  

;he customary method of determining the nominal notched f a t i g u e  
i I 



Curves C 

abscissas and 

concent~st ion 

stress 2-t t l l e  

c z u s e  p l ~ c t i ( 2  

cf 7 i p .  3 and 4 were obtained by multiplying the 
orlinctes of Curves E bp the theoretical stress 

factor, Ii = 2,j. These curves represent the local 
t 

m o t  cf the notch if the h e a l  peak stress does not 

f ' l , r ; ,  t k r t  i s ,  f o r  t13e ;32~t o f  the curve lying well 

i n s i c e  tile j l e l ; ?  lixes. The actuzl 1 0 ~ ~ 1  stress at the yield 

l i r e s  is -rTx'cl;r s o ~ e ~ . . - t  srnaller than tl:zt indicated by Curves C , 
kec~zse t h e  m a l l  ~ r m u n t  of plastic deforoation e t  the yield 

stren~th gezerslly r e s 7 ~ l t s  in l o c a l  s t r w s e 3  t h a t  are somewhat 

reprssen t  a good  a p p r o x i n a t i o n  to the local stress where they 

inte~ssct the :;riel6 lines, T h e  ap;r~xirnation t h t  local stress 

equzis  .St tixes no.*.i;w-l sty-sc is less 2nd less accurzte for poigts 

true local ~ t r c s s  ;n the r s ~ L s n  qnts ide  the ~ i e l d  l i n e s  is probab ly  

represented by c c-wve l":~g ssnr?cw!:me between Curve C m d  the 

giel? l i ~ e .  C:mr;equently, the l x e l  stress velues  read off from 

Curoes (: outside tke yisld lines rnust 5 e  considered as lictitiously 

Curves C f represent the loczl stresses corresponding to 

no_rc,l_~_al stress curves S f .  These c u r ~ e s  '=lave been drawn so that 

p~e6istions or' z o t c h  r ' a t i ~ u e  - s t rength can 5 e  m d e  on the basis of 

aseurne6- C;-~rves 3?, in a:Xition to ?redictions f r o m  Rosenthal and 



Sines' assumed Curves B. Curves C T  are subject to errors outside 

the yield lines for the same reasons as Curves C .  

fatigue strengths of specimens with and without residual stress. 

These predictions are shown in Table XIV, page 20. The prediction 

is made as follows: the ordinate of Curve C or Ct is read off at 

the point where the abscissa is the sum of the local values, the 

equilibrium residual stress and the mean load stress, and this 

value of local aternating stress is divided by Kt to get nominal 

alternating stress. 

For exemple, Tzble XIV shows that one of the 6lST specinens 

tested under con6itions of equal meen and alternating stress hsd 

an equilibrium residual tensile stress of 11,000 psi. This stress 

is lzid off on the abscissa, locating point D in Fig. 3. The 

45 degree line B represents the superimposed testing condition of 
ecpal mean 2nd. elternzting components of the load stress. The 

intersection of this line with Curve C or C v  represents failure. 

Considering Rosenthal and Sines criterion (Curve c), the failure 

2oint is at G representing a local alternating stress of 15,700 psi 

(the o r d i n a t e ) .  The nominal alternating stress is foun2 by ciividing b 

g t  = 2.5. T ? i s  results in a value of 6300 psi, recorded in the 



* 
seventh  co1w-m of TaSle XITJ, which agrees  w i th  t h e  measured value 

of 5800 p s i  w i t h i n  8 pe r  cent .  In a s i m i l a r  mznner, bu t  us ing  

Curve C f  ins tead  of Curve C ,  a p e 2 i c t e d  value of 7100 ?si i s  

ob t z i zed .  

S imi l a r  c o ; . ~ ~ a r i s o r s i n  Table X I V  f o r  e l l  t h e  t e s t s  show t h a t  

the p r e d i c t e d  va lues  a r e  w i t h i n  + 1 0  t o  20 n e r  cen t  depending on 

t h e  method of c a l c u l a t i n g  t h e  nominal R a i g h - S o d r b u r g  curve f o r  

notched specimens. Rosenthal  and S i n e s  concept of applying K r  - to 

bo th  s t r e s s  corponents  y i e l d s  t h e  b e t t e r  r e s u l t .  The conc lus ion  

t o  be  &ewn from t h i s  ~ o o c !  c o r r e l e t i o n  between measured and p r e -  

d i c t e d  f a t i g u e  s t r e n g t h s  i s  that t h e  l o c a l  equiliSrivm r e s i 2 u a l  

s t r e s s  can be t r e z t e d  a s  p a r t  of t h e  rneen s t r e s s  i n  z Reigh-Soderbe-6 

2 i e p r a a  p e r t a i n i n g  t o  l o c a l  s t r e s s  com?onents. 

On t h e  b z s i z  o f  Rosenthel  and S ines  c o n c e ~ t  1, p. 21, Figs .  3 er. 

serve  e l s o  t o  prec ' . ict  t h e  equi l l ' s r ium ?ia lues  of r e s i r ' u z l  s t r e s s  

( t k e t  T s ,  z f t e r  c 7 c l i n E ) .  AccordLng t o  t h i s  concept ,  t h e  i s i t L e l  

resi2t-ml s t r e s s  w i l l  no t  c h n ~ e  i f  t h e  f a i l u r e  ? o i n t  on Curve C: 

t h a t  a n  i n i t i z l  r e s i d u a l  s t r e s s  w h i c h  corres;l;onds t o  a f k i l u r e  ?o i -? t  

o u t s i d e  t i e  ~ i e l d  l i n e s  w i l l  chenge ( f a d e )  u n t i l  t h e  f a i l u r e  p o i z t  

m3ves t o  the  n e a r e s t  ~ i e l d  l i n e ,  

01" t h e  f o u r  t e s t s  w::ere r e s i d w . 1  s t resses  were meascred bo th  

b e r g r e  and a f t e r  c ~ c l i n g ,  No. 5 hed. a f a i l u r e  p o i n t ,  based on 

i - i t l a l  r e s i d u a l  s t r e s s ,  thct f a l l s  i n s i d e  the  : - ie ld  l i n e s  2nd 



Noso 1, 3 and 7 had i ' a i l lxe  p o i l t s  outs ide  the y i e l d  l i n e s .  These 

f a i l u r e  po in t s  a r e  the i n t e r s e c t i o n  of Curves C wi th  the  var ious  

dashed loading l i n e s  shown i n  Figs.  3 and 4. 

For t e s t s  1 and 7 ,  fad ing  occured so a s  t o  p u t  the f a i l u r e  

po in t  a t  the i n t e r s e c t i o n  of Curve  C and the y i e l d  l i n e s .  For 

t e s t  3, the loading condi t ions  and i n i t i a l  r e s i d u a l  s t r e s s  were 

such as t o  cause y ie ld ing  on the compression s i d e  b u t  not  on the 

t ens ion  s i d e .  This can be shown t o  cause the r e s i d u a l  s t r e s s  on 

the compression s i d e  t o  fade e s s e n t i a l l y  t o  zero,  which has the 

a u x i l i a r y  e f f e c t  o f  reducing the r e s i d u d  s t r e s s  somewhat on the 

t ens ion  s i d e ,  This r educ t ion  of s t r e s s  was a c t u a l l y  observed 

( s e e  Table XIV). 

For  t e s t s  2 ,  4, 6,  and 8 where the s i g n  of the i n i t i a l  r e s i -  

dual  s t r e s s  i s  known but not the magnitude, the neasursd f i n a l  r e -  

s i d u a l  s t r e s s  value i s  c o n s i s t e n t  wi th  the r e s i d u a l  s t r e s s  changes 

t h a t  a re  expected because of the ~ l a s t i c  f low,  The f a i l u r e  po in t s  

f o r  these  f o u r  t e s t s  l i e  o n  the i n t e r s e c t i o n  gf Curve C and the 

r i e l d  l i n e ,  and i n  a l l  cases  the y i e l d  l i n e  on which the f a i l u r e  

po in t  l i e s  i s  the one toward which the failure p i n t  would be expecte  

t o  move i f  the i n i t i a l  r e s i d u a l  s t r e s s  ( o f  the s i g n  which was knoun 

t o  exist) was l a r g e  enough t o  ~ u t  the ccrresponding f a i l u r e  po in t  

5e yond the y i e l d  l i n e .  

F ig ,  3 shows an  example 3f how the equi l ibr ium value of r e s i -  

dua l  s t r e s s  can be p red ic t ed ,  For t e s t  No. 4, w e  assume t h a t  the 

i n i t i a l  r e s i d u a l  s t r e s s  was a l a r s e  t m s i l e  va lue ,  and t h a t  fad ing  

has occurred such t h a t  the f a i l u r e  point 7 l i e s  at the i n t e r s e c t i o n  

of Curve C and the  y i e l d  l i n e .  Now 2ke loa15inm l i n e  E 



r e p r e s e n t i n g  S, = S rn czn be drawn t k r m g h  F i n t e r s e c t i n g  t h e  

a b s c i s s a  a t  a p r e d i c t e d  r e s i d u a l  s t r e s s  value  of +8000 p s i .  

To summarize, a l l  t h e  data conform roughly t o  t he  concept 

t h a t  t h e  i n i t i a l  r e s i d u a l  s t r e s s  va lues  w i l l  no t  change i f  t k e  

corresponding f a i l u r e  p o i ~ t s  a r e  i n s i d e  the y i e l d  l i n e s .  If 

t h e  f a i l u r e  p o i n t  corresponding t o  t h e  i n i t i a l  res i2 .ua l  s t r e s s  

i s  o u t s i d e  t h e  y i e l d  l i n e s ,  t h e  r e s i d u a l  s t r e s s  w i l l  change wi th  

c y c l i n g  u n t i l  t h e  f e i l u r e  p o i n t  moves t o  t h e  n e a r e s t  y i e l d  l i n e .  

The on ly  excep t ion  i s  a  minor f a d i n g  on t h e  f a i l u r e  s i d e  ( t e n s i o n )  

r e s u l t i n g  from p l a s t i c  f low and cons ide rab le  f a d i n g  on the cornpres- 

s i o n  s i d e ,  

The e x p l a n a t i o n  of the  measured notched f a t i g u e  l i m i t  va lues  

i n  Table X I V  i s  now c l e a r .  I n  6 l S T  t h e  y i e l d  l i n e s  i n t e r s e c t  Curve 

C a t  a b s c i s s a  values  of cons ide rab le  magnitude. Consequently,  even 

a f t e r  f a d i n g  of i n i t i a l  r e s i d u a l  s t r e s s  has occur red ,  so t h a t  t h e  

f e i l u r e  p o i n t  i s  on t h e  y i e l d  l i n e ,  t h e r e  i s  cons ide rab le  e f f e c t  

of res ic luz l  s t r e s s .  The e f f e c t  i s  f avo rab le  i f  compressive and 

d e t r i m e n t a l  i f  t e n s i l e .  Thus r e s i d u a l  s t r e s s  can change t h e  f a t i g u e  

s t r e n g t h  o f  61ST by as  much a s  - + 35%. 

F o r  61s-0, t h e  l i n e  i n t e r s e c t s  Curve C e s s e n t i a l l y  z t  

ze ro  mean s t r e s s .  Consequently, r e c e r d l e s c  of' t h e i r  i n i t i a l  v a l u e s ,  

a l l  residual s t r e s s e s  Tede t o  a p p r o x i m a t e l y  t h e  s m e  equ i l i b r ium 

va lues ,  and the?  heve  no e f f e c t  on the r e t i c u e  s t r e n g t h .  

Fo r  two r ea sons ,  i t  i s  t o  be exgected tha t  r e s i d u e 1  s t r e s s  w i l l  

be l e s s  e f f e c t i v e  i n  notched t h n  i n  unnotched ssecimens.  F i r s t ,  



since Kt is larger than Kf , Curve C is higher than the un- 
notched curve. As a result, the intercept between the yield lines 

is shorter for Curve C than for the curve for the unnotched fatigue 

strength. This means that the effect of equilibrium residual stress 

is smaller in notched specimens than unnotched specimens. Second, 

for equal slopes of Curve C and the curve for unnotched fatigue 

strength, there is a greater percentage effect of equilibrium 
. 

residual stress on the unnotched fatigue strength. 

The conclusions regarding the effectiveness of residual stress, 

according to Rosenthal and Sinest data, can now be enumerated. 

The s t e e p e r  the Haigh-Soderberg d i a g r a m ,  the more effective 

is t h e  residual stress. 

Residual stress becomes less effective as the ratio of 

= t to Ky increases, because the intercept between 

the yield lines becomes shorter, 

Residual stress becomes less effective zs the fatigue limit 

becomes a larger and larger fraction of the yield strength. 

Percentagewise, the effectiveness of residual stress will 

be smaller, if anything, for notched specimens than for 

m n o t  ched ones . 
These conclusions apply only to situations where polished specimens 

have been subjected to a surface tmatment involving resid~al stress. 

As discussed earlier, there may be considerably larger improvements 

by shot-peening a roughened or as-heat-treeted surfzce. The 

mechmisrn of this irn2rovenent is not yet clear, 



Other investigators have also stated that the relative 

beneficial effect of r e s i d u ~ l  stresses is 2ependent on the ratio, 

se/sg. The build-up of residual stresses in initially stress- 

free specimens has also been reported by various investigators (15). 

Harris ( 2 3  ) states that shot-peening is beneficial in steels having 

endurance ratios below 0.45 to 0.50. Mattson (14) states that the 

maximum residual stress due to shot-peening is about 60% of the 

yield strength and is somewhat higher for softer materials. He 

also indicates that the selection of shot-peening and surface 

rolling treatments should be based on hardness. in this connection 

it is interesting to note that there is a general tread of decreasing 

value of 

material 

S,/S with increasing hardness as shown in Fig. 5. For a 
Y 

having a high hardness, the m o t c h e d  bar fatigue limit 

is considerably less than the yield strength. Therefore, residual 

stresses would be expected to have a significant effect on the 

fatigue strength. 
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