












Tablc 5 

? r ed i c t ?d  and ; k a s ~ . u ~ i  C a t i s e  : , k i t s  f o r  61s-T and 61s-0 with Residunl S t r e s s  ? r e s e n t  

r sv? r sed  
b ~ :  .Ii.~e 

reversed 
b.r.di ng 

mean s t r c s s  
= -It. s t r e s s  

:xar. Str"sS 
= a l t . .  s t r e s s  

reversed 
bc.r.5ing 

 re.^-rsed 
bending 

mean s t r e s s  
= a l t ,  s t r e s s  

2ean s t r ~ s s  
= 31t .  s t r e s s  

I n i t i a l  Re- Res idus l  P red i c t ed  
s ld rml  
s t r e s s  

p s i  equ i l i b r ium 
1751 

-16,500 -13,000 -15,500 

negzt l v e  - 1 ,300  - 1,000 
( n o t  measured 

0 - 9,300 -13 ,'00 

nepct ive  -10,600 -13,200 
( n o t  m e a s . ~ ~ d  ) 

F-t igue 
L i n i t  
Using C 
Value 
p s i  
; ,630 

6,500 

7,200 

6,300* 

5,  0C0 

6,100 

j ,640* 

5  ,?SO* 

5 Error 

-14 

+ 8 

-11 

+ 2 

C 

+ 1 

+ 3 

+ 4 

formation a t  the y ie ld  s t reng th  general ly  r e s u l t s  
i n  loca l  s t r e s s e s  t ha t  a r e  somewhat l e s s  than Kt 
times the nominal s t r e s s .  However, Curves C prob- 
ably represen t  a  good approximation to  the l o c a l  
s t ress  where they i n t e r s e c t  the y i e l d  l i n e s .  The 
approximation t ha t  l oca l  s t r e s s  equals Kt times 
nominal s t r e s s  i s  l e s s  and l e s s  accurate  f o r  po in t s  
far ther  and f a r t h e r  out on Curves C beyond the  
yield l i n e s .  The t rue  l o c a l  s t r e s s  i n  the  region 
outside t he  y i e ld  l i n e s  i s  probably represented 
by a curve l y ing  somewhere between Curve C and the  
yield l i n e .  Consequently, the l o c a l  s t r e s s  values 
read off from Curves C outs ide the  y i e ld  l i n e s  must 

be considered as  f i c t i t i o u s l y  high. 
Curve C has been used t o  p red ic t  the nominal 

notched f a t i g u e  s t rengths  of specimens with and 
without r e s i dua l  s t r e s s .  These pred ic t ions  are  
shown i n  Table 5 .  The pred ic t ion  i s  made as f o l -  
lows: The ordinate  of Curve C i s  read off a t  the  
point where the abscissa  i s  the  sum of the l o c a l  
values, t h e  equilibrium res idua l  s t r e s s  and the 
mean load s t r e s s ,  and t h i s  value of l o c a l  a l t e r -  
nating s t r e s s  i s  divided by Kt t o  get  nominal 
a l t e rna t i ng  s t r e s s .  

For example, Table 5 shows t ha t  one of the 
6 1 ~ - ~  specimens t e s t ed  under condi t ions of equal 
mean and a l t e rna t i ng  s t r e s s  has an equilibrium 

res idua l  t e n s i l e  s t r e s s  of 11,000 p s i .  This s t r e s s  
i s  l a i d  o f f  on the absc i ssa ,  loc'ating point  D i n  
Pig. 3 .  The 45-deg l i n e  H .  r epresen ts  the  super- 
imposed t e s t i n g  condition of equal mean and a l t e r -  
nat ing components of the  load s t r e s s .  The i n t e r -  

sect ion of t h i s  l i n e  with Curve C represen ts  f a i l -  
u re .  Considering Rosenthal and Sines c r i t e r i o n  

(Curve C ) ,  the  f a i l u r e  point  i s  a t  G representing 

F i g . 5  Ratio of f a t i gue  l i m i t  t o  y i e ld  s t reng th  
versus Brine11 hardness ,  s t e e l  and s t e e l  

a l loys ( r e f  erenoe 2 4 )  . 

a  l o c a l  a l t e rna t ing  s t r e s s  of 15,700'psi ( t h e  ordi-  
n a t e ) .  The nominal a l t e r n a t i n g  s t r e s s  i s  found 
by dividing by Kt = 2.5. This r e s u l t s  i n  a  value 

of 6300 p s i ,  recorded i n  the  seventh column of 
Table 5, which agrees with the  measured value of 
5800 p s i  within 8  per cen t .  

Similar comparisons i n  Table 5  f o r  a l l  the 
t e s t s  show tha t  the pred ic ted  values a r e  within 
+ 14 per cent.  The conclusion t o  be drawn from - 
t h i s  good cor re la t ion  between measured and pre- 
d ic ted  fa t igue  s t rengths  i s  t ha t  the l o c a l  equi- 
J i b r i u m  residual  s t r e s s  can be t r e a t ed  as  p a r t  of 
the  mean s t r e s s  i n  a  Haigh-Soderberg diagram per- 
t a i n ing  t o  loca l  s t r e s s  components. 

On the basis  of Rosenthal and S ines t  concept, 
F igs .  3  and 4 serve a l so  t o  p red ic t  the  equilibrium 
values of res idual  s t r e s s  ( t h a t  i s ,  a f t e r  cyc l ing) .  
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According to this concept, the initial residual 

stress will not change if the failure point on 
Curve C that corresponds to the initial residual 
stress lies between the yield lines. By extending 
this concept slightly, it can be shown that an 
initial residual stress which corresponds to a 
failure point outside the yield lines will change 

(fade) until the failure point moves to the near- 
est yield line. 

All the data conform roughly to the concept 
that the initial residual stress values will not 
change if the corresponding failure points are 

inside the yield lines. If the failme point 
corresponding to the initial residual stress is 
outside the yield lines, the residual stress will 

change with cycling until the failure point moves 

to the nearest yield line. The only exception is 
a minor fading on the failure side (tension) re- 
sulting from plastic flow and considerable fading 

on the compression side. 

CONCLUSIONS 

The conclusions regarding the effectiveness 

of residual stress, according to Rosenthal and 
Sines' data, can now be enumerated. 

1 The steeper the Haigh-Soderberg diagram, 

the more effective is the residual stress. 
2 Residual stress becomes less effective as 

the ratio of Kt to Kp increases, because the in- 

tercept between the yield lines becories shorter. 
3 Residual stress becomes less effective 

as the fatigue limit becomes a larger and larger 
fraction of the yield strength. 

4 Percentage-wise, the effectiveness of re- 
sidual stress will be smaller, if anything, for 

notched specimens than for unnotched ones. 
These conclusions apply only to situations 

where polished specimens have been subjected to 
a surface t-eatment involving residual stress. 
As discussed earlier, there may be considerably 
larger improvements by shot-peening L roughened 
cr as-heat-treated surface. The mechanism of 

this improvement is not get clear. 
Other investigators have also stated that 

the relative beneficial effect of residual stresses 

is dependent on the ration, Se/Sy Tne build-up 
of residual st~~esses is initially stress-free 
specimens has also been reported by various in- 
vestigztors (15). Harris (23) 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-peen- 
ing is about 60 per cent 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 hard- 

ness. In this connection it is interesting to note 

that there is a general trend of decreasing value 
of S,/S,, with increasing hardness as shown in Fig, 

" J  

5. For a material having a high hardness, the 
unnotched 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. 

1. 

2. 

3. 

L.  

5. 

6 .  

7.  

E .  

9. 

10, 

li. 

1'. 

1 3 .  

l L Q  

1 5 .  

" C o r r e l a t i o n  of  L a b o r n t o r y  T e s t s  and S e r v i c e  P e r f o r m a n c e n ,  by 

M. F. C a m o o d ,  H. H. Zurburg, It. A .  E r i c k s o n ,  I n t e n r e t a t i o n  of  

T e s t s  and C o r r e l a t i o n  ~ ! i t h  S e r v i c e ,  k o l e r i c a n , S o c i e t y  of  M e t a l s ,  

C l e v e l a n d ,  Ohio, 1950, pp. 1-77. 

" F s t i ~ u e  and R e s i d m l  S t r e s s e s n  by R. L. M a t t s o n ,  C. E. 3 e p o r t  

R56GL33, l.larch 1 5 ,  1956,  pp. 60-62. 

"Silrvey of Low i . l loy  A i r c r a f t  S L 3 e l s  r.e&r; T r e a t e d  t o  K i ~ h  S t r e ~ t h  

L e v e l s " ,  P c r t  11, F a t i g u e t 1 ,  by G .  S a c k s ,  S y r a c u s e  U n i v e r s i t y  

R e p o r t  110. 5 3  f o r  '.;AX, hug. 1953. 

"Shot-Peening"  by E. F. i'ioore, 1 k t ; l s  Sn- ineer in i :  - 3 e z i p n ,  AS1.B 

l iandbook, KcCraw-Eill ,  1 9 5 3 ,  ?p. 121-122. 

"An L m l y s i s  of  t h e  E f f e c t s  of  Shot-peening upon F a t i g u e  S t r e n g t h  

of tisrdenzd i;nd Tec.?ered S : ) r i n g  S t e e l " ,  t~ A .  C. E, Coonbs, F. 

S h e r r a t t ,  J .  A .  Pope ,  The l n ~ e r n a t i o ~ l  C o n i r r e n c e  on F a t i g u e  of 

E e L k l s ,  Sess io l i  2 ,  P a p e r  1 ,  London, Se-st,  1956.  

" E f f e c t  of  S u r f a c e  Treatr:ent on F a t i g u s  L t x n & t h t '  by z .  :!iegond, 

I.%? 'A-ans la t ion  1 7 7 2 ,  DNB F l u g n o t o r s z b a u ,  b e r l i n ,  19L0, 

".-r?tiyue, R : s i & ~ c i  S t y c s s ; ; s  L.* S u r f a - ~  ,";Id :,'orkin,;" by 2. 

I ' a i t s o n ,  In!,arn;tion&l ' o n f - x n c e  or. 'zti,miie, Session 7 ,  Paper 5 s  

Lon$on, S a t .  1956. 



by !'. Duhler and F .  3uci :hol tz ,  b " i t t s i 1un ren  ~ ' O ~ S C ~ W F  - I n s t i t u t ,  

Dortmund, Vol. 3 ,  No. ;:, ;e$. 1933, ?pa  335-2L6. 

16a !?Die i rkun -  von 3 ipens?annun~en  zu f  d i e  D i e & e s c h ~ > r i n . ~ n g s f e s t i & k e i t w  

by H. Buhler  arid H. Buchhol tz ,  S c u h l  und Yisen,  Vol. 5 3 ,  5ec.  1933, 

77* 1370-1332. 

17. WResidual S t r e s s e s  a s  a Reserve Source of  , S t r e n s t h  i n  Machine 

Design", by I. V. Kudryavcsev, Moscow, 1951, ( i n  Russian)  T rdns l a t ed  

and sumnarized by  B. M. W d t ,  CE Report  DF56T~700, Jan.  1 6 ,  1956, 

18. "An I n v e s t i g a t i o n  o f  tk  Behavior of Res idua l  S t r e s s e s  Ulder  

S x t e r n a l  Load and The i r  Effecc on S a f e t y R ,  by J. T, Norton md 

D. Rosenthal ,  Xelding Research Counci l ,  Research Repor t s ,  Vol. V I I I ,  

1943, pp. 63-s - 76-5, 

19. " C o r r e l a t i o n  of  Res idua l  S t r e s s e s  w i th  F a t i s e  S t r eng th  o f  Machine 

Elenrents and Re la t ed  Phenomnan by 0 ,  J ,  Horger ard H .  R, N e i f e r t ,  

Res idua l  S t r e s s e s ,  Edi ted by W. R. Osgood, Reinhold Pub l i sh ing  

C o n . ,  New York, 1954, 3p. 242-24L. 

20. "The Bending Fat igue S t r e n g t h  of Machined Cranksha f t s  a f t e r  

S t r a i g h t e n i n g ,  with Notes on the  S t r e s s  D i s t r i b u t i o n  ob t a ined  by 

Extensometer  and X-iiay D i f f r a c t i o n  Measurements" by R. S c h i d t ,  

Deutsche Luftwacht ,  Lu f tw i s sen ,  Vol. 9 ,  Sept. 1942, pp ,  263-267. 

J o u r n a l  of t he  I r o n  and S t e e l  I n s t i t u t e ,  T r a n s l a t i o n  No. 157. 

2 1 .  "E f f ec t  of Res idua l  S t r e s s  on the' Fa t i gue  S t r e n g t h  of  Notched 

S p e c f m n s n ,  by D. Rosen t i~a l  and G. S ines ,  Proceed,ings w, Vol. 

51, 1951,  pp. 593-410. 

2 ? ,  " E f f e c t  of Res idua l  Compression on t h e  Fat igue o f  Notched A l w i n u m  

Alloyn by D o  Rosenthal ,  C. S i n e s  and G. Z i z i c a s ,  The 'Welding 

J o u r n a l ,  Vol. 26, Sesearch Supplement, March 1949, pp. 98-3 - 104-s. 

23. "The In f luence  o f  Shot-peening on the Fa t igue  ? r o p e r t i e s  of S t e e l n  

by :la J .  H a r r i s ,  Ye - l l u rg i a ,  Vole 45, No. 272 June 1952. 

!L .  Fat l - i le  of Pletals and S t r u c t u r e s .  by Grover ,  Gordon and Jackson, 

U.S. G o v e r m n t  ? r i n t i n g  O f f i c e ,  1954. 


