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AGARD ’S APPROACH TO FATIGUE AND FRACTURE RESISTANCE

by

R.J.H. Wanhill

SUMMARY

The following text is given in the format required for presentation

at the 8th ICJW Symposium and Colloquium , to be held in Lausanne,

2 — 5  June, 1975.

The paper briefly reviews the AGAR D approach to fatigue and fracture.
This is essentially the examination of microstructural influences on

fatigue strength, fatigue crack propagation resistance, fracture

toughness, and stress corrosion in aluminium alloys, titanium alloys,

and high strength steels .
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AGARD’S APPROACH TO FATIGUE AND FRACTURE RI~3ISTANCE

by

R.J.H. Wanhill

National Aerospace Laboratory NLR, The Netherlands

SU~MARY

AGARD has organised two recent meetings on alloy microstructure

influences on fatigue and fracture, principally in high strength
structural materi als. The present paper briefly reviews the subject,

covering f:ttigue strength , fatigue crack propagation, fracture

toughness, and stress corrosion in aluminium alloys, titanium

alloys, and high strength steels.
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INTRODUCTI ON

At the i n v i t at i o n  of the AGAR D Structur~~; and Materia l s Panel , a number

of specialists pr esented pi lot  papers on f a t igu e  and fracture in aerospace

structural alloys at a meeting in Milan , April  l973~ . Discussions in an Ad Hoc

Group resulted in a recommendation to the Panel to organise a specialists

meeting on Alloy Design for Fatigue and Fracture I?esistance. This meeting

was held in Brussels, April 1975.

Essent ially, the AGARD approach has been to examine in detail the
influence of microstructure on fatigue strength, fatigue crack propagation,

fracture toughness and stress corrosion in three types of materials:

aluminium alloys, titanium alloys, and high strength steels.

The present paper reviews these topics. During its preparation much of

the original literature referencalby the specialists was consulted, as well as

many other publications . This was done in the hope of avoiding excessive

selectivity on my part. All credit is due to the specialists, whose cornpre—

hensive treatments made this review possible.

FATIGUE STRENGTH

The high—cycle fatigue strengths of high strength materials are compared

in Table I. The table shown that aluminium alloys and maraging steels have

poorer (fatigu e strength/ultimate strength) ratios than low alloy high strength

steels, and that there is a wide spread. in t i tanium alloy fatigue strength. Much
work has been devoted to improving the fatigue strengths of aluminium alloys,

arid to obtaining consistently high fatigue strengths in titanium alloys.

~.Iost high—cycle fatigue testing has been carried out in an air environment,

for which mechanical and rnicrostructural paraznetera are likely to be dominating.

Consequently, the following discussion is based on testing in air . However,

it must be noted that corrosive environments have a strong effect on the

fatigue ctrengths of aluminium alloys and st~el~ (but not titan i um al]oys),

~o that continuing investigations should take environmental influences into

account.
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‘ - - f t  ~, - a c a . ”, Li - ‘c . in ( a _ c  (cc dflfl -I. ; n : - ‘I cc - I cc i

A cc ] : - ; - ‘ iT: L a o  c c c a O  c c c ’ , i a ’ ;  Vs ‘
~~~ ‘ -,i - ) .n iT •“ i t,~ , 3 ~c] ~~, Cc r ‘ 1 f f ” - ; -  a ’

t e T i r ,: , i c c ’ - . Ii~ - a c . ,  1- , c : ,  a ,  c c i ii c c c - .; -;, 
~~~~ fl- rar.f”, ~~ lç  ‘ -0 ac ’

o l i n -  ‘ . - t c - ’ r’ni’:c :] . icar; a: c c c l - , iT !‘c 1’ -rh a ’ o i t ’  :a t n ’ ’ - : ’ of

C : ’ ,‘ ra  ‘I i . . c c i ~~~~~. ,  ric a - i c c  ‘ f t c a c , a : o i a ; i . - c t’ ‘ I c - I l  -arc ’ s L - ; l , t’ cc tn’’ai ‘nc- a :  r c - a C -  —

c ’ t r - a c ; ’ 1 , - c c ’,- . fcc - “ . : ; “ c c - c,-c u c ; ’,’! r- n— ,’ a c - ,c:: -c: rc f T a  a I - -c - ’ - - , ’~a - a f a iT:,n c ’ -  c c ca ’,- - ,c

c-sc o’ Ic c c l I’-~ 
. : 

c a - I  ci ‘ c Lara . a n i c - ’ op t] ; :-  :,‘co  j - ’~ ;H 0  it, ~ LP

:1’ :v . ~~~ 1 . - ‘ ‘a ~:~ l ,; - r ; . . . . c - I  ‘ n - c a  . : c ’ .i’ • . ‘1 1 . 1  Ib IS I;’ c ; . c :; r i: a:. .

in A ca;. ~ r a  . ‘ ‘
~~~~~ I c- -, ‘ - ‘ - a . )  rp -f. , ç

~ a - ‘.‘ : 1:’:,:~ ;.  1 ‘ ni]  1c~
’ cc ” n in 1 c c - c  a

n i o - ~ c- I ‘ ‘ ‘ - c  ‘ - a; :~ c . ; - t  ~ , t) ‘ ‘c ’ - - ‘. ‘c ,; ‘ f l . ‘0  a ’ bc - i n ~~c ’ ’ a ;- - in n c r

c- ; ’ a-c . c:iIi: , ’ - “ ‘ , a - i  ~ ‘ c ~~Hi . “ ;r , :~ - a l  “ ~(c,. t ’ -. : 1 ‘ - ‘  : , J ’ c n ] i

a ! : ‘a v” : ,: : .  - ‘  -
- 

- ca ‘ ‘ 11cc : 1’ a - ‘ • ] ;. ‘ - c .’ I ‘ c IL - L 1 - - .. 1 c- -411C 0c’,a-

~ c ./ • -  - c ;  a , Ta -  ‘ . . ‘ - r a r c ’ ( ’  ,- ‘ I ; ’  c;cc ;. . ‘c’~ c a a  ..a ,cii ,

I n ” : -’’ ‘ c’ ’, a,. ‘ c c  - ; - . - i - 1  a , -‘ ‘ c c ’ ’ - - a ; -  c - n i  ‘, ‘a I ‘ 1 ’~ ‘ — n  ci U f c  I c i  1’ - a- Li - ‘i- i ’  ~‘:
‘j . i i ~ - a ; ‘ni - ‘ 

, - ‘ 1

I ‘ ‘ c , -1 ’  a ! , ,  1 - ’ ‘ .‘ r -  t a r ’  c - ’ .’,’ ‘5j ~~ t ‘
~~~~_ : ,  .11’

2- , a ~
‘ 

- - - - ‘- : ‘ . - 
c - , a ,~~ T i c  If - ac_c l ’ !  ~: ‘n-  a. ’ ;  ; c r  

- a

‘l 
- a ‘ - f l~~~~- ’ - ” . t ! ” ’
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a gr aphic il1u~~L a - c i t  a s i a  - ‘nt t i m  i c c c p o i I c l i c o a c  01 ’ ‘1c a : a c i , ’’ :c r : r t u l u, : , c : i u c ’a o  t l c c a  s t - cc - I n

w e re of u iTte ;-.’ -ii t a r i a ’ ac 1 , ‘ , , : a : , i ’ .: ~t Cc i ; : ;  d u d  l:a (C’l ’cHct. j’ aicaL;lIc-::

Fi~~~r’cc 1 f~ ai rc ,’ ::1:~ a :n t - lcc c t  ‘in ‘th e  u1 t ; -au i i ~;it ;;t ;- t -n ~; L l a  ; - o n y c c  ( c ay  > 1(00 ;- .~./a 
2

)

the  Ilani’: ; ;  I L; , c ! l a I  I ri p of -- -~1.; ci ac c _ c i a 1  O i l  or’ to c o t a n u c : r - c i a l  pu rl  ‘ty in.: cci I o;~’ c - Icr ’ I cc

and AN ] a a :
r ( ;t ~~ P and FL I j— (I to .  One j onauca føi’ ‘t ia a,’ inf’es’j, or’a ty vi the 1 cc;-: ai~ 1cr ,’

s i ua ,c I:: ap l i C ; . ;  L a ’  h o - a , : -, - ac ’ ; iT ~ iI I t y to ~ r ’ittlc- frac’Lu i-e at p r i o r  so-. t ’.n c. t cc

- c a ’ s ;  i’:r’ i~ c_H ~ ~~~~~. Ta: - - . - n t  a - ;  ic ~~Lj o ~ of t lc j :c f’i:c: . tc :c - o  coa l-a IS Ic .c . ,a- :-n(a i l-~’

reduc’i na; tb_ c ccc .ea i c c i , of c t a -ac :-:rct: ; i- bc_ ic-h promote ternpc-r;’ c-cc _ hr- i tt]  ‘crc-c-nt -

(b ,P,Ac; ~~~~~~~~~ cc i  Ti a I’csa; Lu rk; a ! c c ; a a  c vcc ::a’nt in fa±i~~ie crack ;;r-o;-:Lh

r e a in tacac cc  (i’i~; c i c - ’ -  11 , the  a Id to fo r  h a  c 1-h r)ur .ity 4 Ni—Cr—bI n OtCCI) . In a ’ r c c c::-l

a t  1 C l c d  ( ; c- a c

‘ 
C .tc _: tF ,’ ~~~~~~~~~~~~~~~~~~~~~~~ cc~~c ,a t i , :nt  -~~‘ c - - c . ; n i \ c c ’ c ’ :c ’:.l r : . c c c c ,c o l c c  ‘ cc _ - cc

enhanc e a:I’aa:f- c p:’a ia ”:c c ’a cLIO ra ; a c L c r c  Ifl la .’.,A ic  a t : ’c a c ; l i c  a I c c O i c : , ‘1 :1: ad , b a - u  L- 1

c- rik ccna:a , , .  -c-r d T - - ,i o —  . : L rcanc i v  I, ~,n,l- c -n t  c _ c : ,  1 c:c ;ct f;’s- ;aaca _ : a c ’- ,’.

I c _ - t a  
~~~~ 

‘r:.c:k Pi’OP~~1l’ . I L u d : c L - .c i c c  I c c - c :  in nsl n o _ c ; , : c l  I a’ oc r ;a i f t -,. ‘~~a b  c :c. I

seicet ing l ,L ,, 1’ , st ; 1:caa ’tI, c c )  c’ n i : n  I cr  ou;al i’::,Lic :i. A ; i c a f c c : i e  c;’.c’c- ; , t i o - a :  c c ’

10 111 :,t -c’oi ( - - . 1300 i. ,H/ rc c ) , a f t _ c a - l a  . 51; cc ) iacc a,rl A c - cc ’ hI] . i::’c -;,- ,.cY ~c_ ! Ac _ r l u ’ cc_c

evaluac L i o n  p c-c ’ ; ;;  arm’c’ccc: , t ic _ a ic_ c t tn - c cc , ‘ ‘ I ’ . c c i a ’ry; i.o t I ,~- ft—i a . - a. ; 1_ c_ ,. . IL’ . cc c  c t ’  iT 
—

- - - - -has exce l i- ra t c-: ’. , : . ’’.:a ’l l~ t. ;, , c_ c - aol I ’ ac_ ic, , c “ ,‘c ’n c:n ’ ,”a 1 h oc’:;: ‘ :c , c-c - c _ - :c c _ c-r , x -r -c_ cc: n ic;c’ccc

an~ I t o a - cc _ c c_ c - : L n c c - a c a  ‘T a c - c ’ : - a - o c c i c c - ; c  C c cl  ; ‘ - - a -  I ” C c c c o r i c c I  to h-c crc- c;’,- ~~ c c_. i , on ran:

be 5 0 c c _ c  C c - a - n .  :‘i,-ac ’ ,c 12 :  -‘,‘c c :  c .:t 10;-: A c - - n - n a - _ a - - ia : :  the i c c _ -c L c- :chan c - c :ccc - . - c: t i r a

cracc c i-c_a -I-a - Ia:: n - a l - a -  i_ n- - : - c a i ;,c c__c f T c - I _ c a ’  . cf 2.

FRACT I,TlL-: cc “ ; ;;
~

It I’ ;‘- c rn -_c’a i. ’i ’,’ 1a - - c ’ a i t i.: a L  C r : a rc f l : r ’ Lc tn: a ’ianc , ccc .’ ic- : :’c ’a : c - c_; c _ r i c a  in’cc-  

y re i r i  s t r , ; f h , F cai ro ]~~~. C I A - I L  an t ft-L:IL’L’ILL;Y’n oc’ c ’. i r c hc ‘t k! ,c i n -  c i :  in  4cc-

f’ o l l on i r c , ’ cc ’:;.’. T~~~ ’ ; - u C ’ : ’ c : i  tll’;t I-i, 
~

- t ’ cc_T- iC m a s t - c d  - a ’I i ’ : n  iT crc Ti - -- l.- ’  ‘n ’ - - - ’~~a ”

arc a e”r;c’~ ’c c ’ .n’n,~’ of ’ 1:1 c :~~ 
c a  cc : ’ - ” I  I y , ’ a , ,,~~~~~ : -c l  L h aca , u o  cc .:  ac-co a c i i  c c ’, -_ - : c  ic h cc l

c t r- ’O ,- ’ c cci  t i c a ,  c c “-:‘ . , ;:r: -c f ‘t h at l i c i l a na - c :: a- in ca ::njrca c - c _ c a r l: rap] - ] ;~‘ at b.iai.cn

- . 1- c~’: 1:’ , 1’! - I cc f i T ;  c ’ c c - i H’ a - ,: c r c  c’ :r: . i f  .1 c c c -  : c a c - i  rco ” - c a Cc c4 ;  1, ~

‘Inc c ar - ’ : ‘n ’-li rcc ’; 1 , , - : c ’tL’ n ’ i c : c’ c, nc cc r  tan ;anprc_ ‘sc ri , I-u I. c_-i l i c c  c- c l a m ic _c t i c - ’ , L

:~~ ‘-sc ’ - ,ra t~ ’ , ‘I :L 0 : ;J  150 i c.c c c ~- l -  a lo ; ; - r  c l’ al a c - i n - -c -c - s  car ,  1 ti c: - p n - a - ’:c c s a c ’  of

roa r ’ : : ’ -  , c - r i - i  s’~ 1 a ’ ’r L i c - l ’ ’ c c  1. ’ ’ ’ - ‘a I c , ’- ’- - c , l ’ i c c a - r ,  c’ _ ‘ c ,  I

a l - i ’  . ‘ c c l

I - “ i c -  ‘ a ‘- ‘
~ 

‘ “ ‘a I - -a ’  t ’ rac- 1- - - - ., oC c ,c ’ :a - :c -: ( > I u Cla ) c n n  ‘ ‘ - r , ’ ’t -al lie. pax’t ic] en ,

‘ - I ’  f l l c t ’ t ( ’ I  l a i r  ‘ ‘ c ’ . ’: ‘c’~c 1 c i c ’ i~ (‘d”tfl ‘s i g n i f n’i C  - n ~ t. ! c’ i’-~~- c ’ ’ ’. ’’ l i i ’  a ’ n ’ .c . t c ’ .

- ‘ - ‘c c c . : ’  c c c  iT I a L t . I n , i t  can ,’,’ , 10111; 0 s t 1 - -’ :c , ;~ i - 5’ ( 7 — c a  
. in p c a a ’ t i c : a l c r ’ ,

- n,. ~ r, 
~~~ . - I c . ’ r ’ c  1’ ; ‘ ‘ “a rc I. ’ :1! C I:; I’ ’ ri e fb an -i cii fo r  700(1 an r c a - c c , r I ]  v: , c ’ .. ’. l ; : o i  sc 1, 1 . 

—~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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A much c i l i a ’ di  I ’f :c a - r i  I 1. p i’ob leuri  icc poc re a l  L~’ I’] nc r’ p:a a - t i c - i c c _ c  . 1 Fl _ c ’ :~c an I, c tv ac

a less nt i’oiit liu 1. :c t l  i i ,cn ;por ’tant in f lu e n c e  on tou c ; i ar le ’ ’:cc _ c . 2 onc , cc Of  t } a ’ .; V

constitucant e 1c- , c a a n t - : -  ( e .g. Cu) , c- jbc le  t h e y I a a c _ j r - c -  ‘Loac , ; l a a~~-:c~ 1 ,’ d i ’ i a n g  a :  n l u a , : i c,n

forma] ion , c- ca ‘ftc’ o t b e a ’ hc_ a a - ;l cnontr~ ’butc’ to al loy ; nt r e ngt l a e r a i r , ; ;  Ia ,;.’ thc a

hc_ a nbc; ; Lic_ Li O i l ’ Cc .Lpi t a-Icc ’s  r ’cccc  I ion.

Part ccl o~i 0 t I - c  cd .OI - ’T L’ ‘nrc -‘ - a  ‘n - ;c - ca-npeo. r to have bual , but. c_ cc - rd c act i c )~o :y,

in fi iaenc’,’n on t a , c - : ’i:i , - :51c 5 . TOot ’ c n u r - o ] ’ r  ann r - c c i ’ y s t a i l i ,n ;t i o n  a_ c r l i n a c _ c  t g r a i n

growth , thca-e’by favouring ‘L 1- c _ c _ nc _ c~-; r -ca r auiar , high cci cc c - ‘7 I f _ c a _c t a l c - a c ;  i a_ cA they also

act as n c -cc -Ic - i  for  sheeta of cx:cal l voids between I l ic  icc r -gc  voido r;aiacc i ’c- cAc ’c l at

big inclusions 5 .

T i c _ c - l ’ j r l _ c c : : t  p a r t i c c l c c _ c  (
~ 

(a . ;g m a l i d )  c c _ a - -c_ c t i _ c e  ‘~ _ c a L _ c i  - i c nirc a ’ ~ a r ~~~~Lp i t a L c : s .  Th at :

sine is ~c_ - a :;c_ 501151 t iva to H al I c _ c - :  I r . : - n c ; t  , c an ’ I  tl.o,y cac a cL, a ;caajo r cn: f Iu ’c nce on

toug lc:c aoc’ s in ‘(000 a- c - i  a S  c_ab Ida ’s :  c con c c “cc a c a n - !  caoa ” c r c - _ c : c _ c -adu:_ c f ; i - c _ c i  a d ,:: , a aa cHary

5 lc-’ 2— lc 4partica .tc a p_ c ” :c :cu t -c  c _ n a t  ‘ c _ c ; i ’ a c n ; u l . c _ a - L i  c _ a c t - u i - u ~_ cij J  toc _ ;  tol ..A’ ; c a - : . c .

e f f ect  i_ c o o l  La’  .c n ;  c _ c a ,  i a c f ’ l c .c- _ a ; c ’ c- U i  L .r 0 1 1 S i n c e  and : : _ c daJ . ae On to : 7 n - _ - a ’.5 L 1~

con v a n t  i .on ’ l 1. ’ I cc  .,. -c c: ,’ - . 2 ca : i , cn ,n’ ’:’c ’u :  c - rcA - c l ad : ; , f i gure 15.  Lc ; a ;~: cic c ’t cc I r a  h o c _ ct - ;

‘that cl _ c c : ~.at -c - L~c d c c c - : c d t - c t , - ’ - uO.c c _ t i C -  W a  : l t } ;  of t Ic _ c ,  gc-ain i _ c _ c a l O c a i : _ c_c a r i.a 1 c ( 1p 1 1 0 1 :
°a- ~~~ a a

5f i ce  ,.c ;nc c’ - ‘ L a ’,’:’ ri -i ic ,fHa ’a ’ ca . :- . naIl Irc c a . ’c c n l . c c c _ c . ;,n,’Lr s_ clit’LHIL ‘ I c ’:., I t i : c : t  ~
St - ru e - inc _ - iT  dLr ’ - , c - a ,’ . c 0 a , .‘ (

~
, un i l c i ’  c c: ’-,’caccc a _ c’c ’  o f ’  t l e  cci r ’c ’ ’ oF  nc — c I a  H’: c c n i

grain tc a ;cx  I:~;-; ’ C a r u C c S -i  a c _ c i - n - - a , - U i , , - c c L i l , h n  , - f  c a _ c -: - i p t t - n a t ’ n  f .’ ’c- c - c _ c

‘boi.rn2 n:a,:-I,- ’n ‘aS- ,] ISla l’ t c _ c : l ,’ c~ ~‘_c - a ’ c c l a t c , i rnc-: - :da c n -a ,t ’c ’ l --,’ c c _ o i l  0i ’I i f ;;.ct ;c n-c -

toa~~a :ncs . : , A i _ c r . i ’  ill .

Ii - :. ‘a’ ’-_c i, ;,;i cat  b- c c - i,;.. ‘ cat ( ‘ :2) of ‘(000 Inc’da’- :eO :i I lens ’’ ,
l 

~ :- c ~n ;-e~c i c-ne

a’bou~ L0~ a n : : -  c_ ’ : c 1 c . r c i  t l , c ’  i _ a ,  a c t i - _c - a , - -; i a c  ;-r i t }a a c .  b c ’s c. Lcr - lac n :,::s , r c _ -  Li

c c i  cc ~‘l’.’ C d i  c ’ t r : - r a ~~ HI ‘I a  ‘. 1. f a a  I : :cJira t ’c_ (14.12) a r u c c c - -s cbng  i c ’ . ; - ’: ’,c’_ c:n

~~ t f l a~~~~. ‘ -ca a- - ,’ r -n I ” r.i -’- .- ’ t-L -n gac i a ’, a _ c i a :  c a t . l n , i s cc nncI .u ;g c :oc _ c r: ce 1 ’ _ c C ] o n c c  I cc- a

baa’: l o a ’; 4 i c a : c  c cc ’ t i c ’ . ; ; c - c H a c  l :, , , ra2r. , i c , I _ c c : c
~~ . T”tlS;l ( H I - Il) :‘a rc,c :c,: ,:ic ’, c~ c - c c ’r t s  c_c

- - - - . 81’.
c _ t i c - n a g  c a l - rn  n a; t - ;, ’ - I c-c’ .; I a .a 5 c c ’  a - ’ I an  — cn :c it c t- c -~n I:: I - c  I c - - - - , , ~ na’ : , ‘,~~i ‘ a car - :; - d c a n  I cc c c c l  cc c c c_c

c r c  c cy ’c’ cc , , : :)  c _ c d l : co,n] j ’ -I  c ’ a ; - c i  7 ’ .:~~, ;5; c t i c s  l o a F :  ol’ i: c — c - s - c _ cc  -.-n L ii;
1’ 5 

-

r,otchrc ,a r’c a t ’ ;ac , a I r  ‘1-] . ’ 10 ;I.i ac (: OU a ’ - a” l u ’ . KATI - ’I-l _ c’LJ c c  - -,: , ;ts ‘ILL c;on’e s c_ g o l f  c _ cc _ c _ n t

nt r c’rc ;”L:— t - acal’c r:- c _ :c _ ’ a a . a c r , - _ c a . : c . - , ’ :’ .’ 1:1: 7 r ca—c a n E ’  l’ a ’oc:: pn,a a - c - : (  r - cc : ’ a t  l ic a’ ,”: - l l a . - ;’:c ; c i t

again Li’, ’ c-c i-a c 1 : 0 : 1 ,  p- a - A l a  n’ .

Titanium ‘a

‘i ’ i t .c a r- ,inl ’ : c a l f ’ ; ;  a . - - nih’,’ r ! c c a a .  ‘IL” ‘ r c _ c ’ : ’t . i a r ’  f - a c ,  l- ;, - - n . c  in ;  c r c a-n c

h ig ia : c i n c r c - ’ L } _ c a l l y:’ i c c  L i c - t ’ ! y c _ n I h . ’ a : ’  - I  l a ,,’ d a lI a ’~’ I,Fccac_ :(’ ‘ i c o t - ” i a . ,:t c- r ;  -‘sib

r ca  rph’cl - ,,‘; I a> : I u r a ccc l  i n t _ c  c - c a l  a ; ,‘ ra ;a dm1 I- - , ch a r - . ‘I a “ ‘ c ’, - -a i n :

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~ ii- - ~~~~~~~
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Coca , , i c c _ c s  LU’ ,” ,: t igat c i ,  an ; :  - ‘ u i c c : c ’ -. ‘ c _ c } , , ’  ,_cr c ‘Li, c a t  t i c - ’ ’ r I  a1 ( c t l c  10 t- ,~c , a-ia ’ - c n n,-f

an al l- -’,’ ‘c _ n  :Il ’l : s : a ’ c L I  ly i l c a l a ’ ’_c a V _ c ’ cl hy r c a a c  c c . : : i i  tc , -, a c , c ; L  of ’  c i c c l t - a _ c ] c c a ’  a , i . i a l c - h

1;: o t - t a , i a ; c d  ia1~ ~, r ’ c a ( - a - n : c c f l g  :c ;~ c t / c a c ’  i:c _ ’c~’t L a - c  a t c : c - - r i l c i t } , - a a’ iii ta . , 
~ pl i c a c c e a  t i d al

ci’ , c_ ual L a a ’II Ci,i ha :’ 11 ~ c’ ,:c i::uc : . i i : a :-a ~vc-r ’ , ci:: r i _ c a a r ’ c-  i 7 ;iincc;, ’: a , tlac: c -e j S  no Oc_’ a.:, c,. F I

supel- I a a  a i t . ’ ci’ lb 1a ~~ , a c ’ O 5 5 c- i  c a  la .: r i - c -ca  t c - . I  a l lo y s.  In  S o u l . , ‘t h , - _ f i - c a r l  - 

t_ cacc _ c ;i cc - - .an c_ S  c:a ca ,oidc ’t ccfaJ l y c ’ c .li - - .1 c ,b - ’ .a ’-- - c .- ’ t ] c , c  i,ca ’ alj~ fl vccl ’uc:c fo r  all cluta _c .aiT y
2

ovcr tllo ’’ c- al nt a. , i c _ ’ Li; rccn: c’ 1 UCa c,c__ i 1 ‘~ t) 1:1,/ a:, . TIa i  ;-‘ rc-sul’t i c _ a  c_ a : , I cc ci, Tcr - c i -  i~’s

Su!’c_a I’ i :;  in ’ - , sinc e I a , :a i ’a ’ ‘ a l a s - a _ c t ‘- c -_ c c 1 , c : l c a ’ :ca t h at  Lc c-ni a,cc-,e tLe vol ,_ cic _ O fralction of

aciculc_ ca ’ a ~,c_ 1c~] b: c : ‘t ccc -c ’f ’ ;r a l  0112: I r i te rst i tia l  c o ut c a ct  aI ’f ~ ct~~) t ie,’ f r ’cc c .  c c _ c r - c

tou _c ’,}an_ c ccl; is , 01’ a c , . ’.1 I r ’ , in!” ‘. ‘acc- ri c~~d, ‘iay ’t}_c e volume f ract ions of ’ j c i - i r a.u_ c ’’y c/.,

c:na’t,c’au_c cioT- c :a ’n- - i I , :a  ac-god B lay the vo 1, c - -a c ce fr-act--ion of p L a t e  cc pi-eci p: t o t - c - c

at p c _ c  c - c ’  cO c a , il _ c - ,
~

-
~. _ c i -  iea ; icy ‘the aciculci c ~ plate i- }aic :knic-: _ c :, - , I O IC t t i a  a c ,

c_ ’ u al c ana ’; ‘by Li_ c _c cci , t i -  of ti_c e interface i,c :’t - ‘c_c ’ ;, C/. cii c a t - , . - I_cOal a ::;;; .an c_c for:,,c:ci -2
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t; Hcc” lc c

c_ c t s - i .’ ! i : c  ica; c a~ab1 y l ove c c c i i .  ha l i _ c  g l a ,  c 1’ ; c a ,  L . a - .- La _ cia ‘ b a t :-  , ccc ’t l a ’ -.,’:

quenched cara t I”:, a L a c t - I  c _ c t cc _ c- .ts  c_ il n _c ”ci \‘c:n ;.c ’ti ~~‘ t } a  i c’vel , fi - ;a , n’ - 1 ‘1.
1 a a’

COX and I C-It ’ ‘ c _a a-gu i.. ’ -i l c . c ’t t : b , ,  i~ a l l  a c e  reason for  l i i i  c_c a l a  1 1 c c _ c - c a t  - ‘ in h o t  ic _ I

low ad l oIr c_c I-n a_c l a l : a ~ -g~ voids r ic -acbo at o at inc lusion s ( c . ; .  r .;ra C ) c a_ cl l iaH ’c up

via c - h o c _ i c .  at ’  _ c c a c aa c I ‘I \‘aJ a dcc laud’] , c_ c~~L ad. at the c cc cy -b i d e  pc - c -c -  c p a  I c c  H cc ui-i c cla

st-ren g h i a c  i l i a c ’  a lbc ’,~-cc ; I c c _ c t  in c , c n  r - a a ’ i;cg ; t a c a _ c l s  on ly ti c . i :c r -g ’ -  “.‘ea i ’Ih c c a n -  c c’ ,

at T i ( C , N) ia c :- i ,c :c csa: . _ c , aura l t h e a _ c -  t:ave to ga -ow until tlac:y coalecce.
- - . 1 13

R ecent cc- a h on D c c c i :  ; ; t c - o - - 1  c o i a f i i - a c . n  the pr’lmocry 1-01 a_ c c-I’ c:c _ ir i -c _ do

precipli  t c a t - c - c _ c . blo’,-;, c , - : ot ; c o - c ’  s.c c ,_ c - ca s’L a - c - c t a t  ~c:l fea tures  arc: ‘;a_ cI’ ;l’ a ca cao a’tc :r:t.

Figure 18 c_:iIc;:s ‘tiac effect of a,a ’ _ c rco:a v c_ c n’I m acc d  h a i . ’ c _ a t i , i -cc i tn rc a_c r a t : _ c  on tIc lx’:: c t - L I _ c c

to’an.’I’ccu-a .: of ~ 34 C ’ c o-ui : c - i c c - a  1 cc _ c , , cs ::’ , c — ’ i elcI  c . L c ’ _ c c-c ’t }c t a - c . , : :  c , . c c - . ca a n ’ Lc ’ c !

to that  of ; a , . c a : ’ :cgc _ c d ; s t o c - In . ‘F } c , i :c  c _ c. ;’ -n ’.’ - c a _ - c l  c c : : , .- c .c t t I - t i a a l c a b  Ic :  c n cc ,.c 1l a: . c ,_ c a : , _ c _ c ts

of i’etcl_c ,cn _ c cc H,’Lcuc _ L € ; c , , ’te  _c. a 0- fl c’ - t ’ .S c i - t .  n c _ci r ca n,;: I _ c . a~ n . , n a ’ i’n:a it . -  a-l;,t ’,- a:, c c,I
- - . , 114 - - .  “la’t ils , and. ‘I. ’ c~~c- a c - . c c - a : c c a 01 i u , : c : . c _ c c l  c c - c c x - h . :_ c. : a  n, a a l a I ,  c ’  

- 
. /, a a a c . c  I a - ’ c _ c c _ - i a d O],

in flu enc i. ciT r o c . : i r ; , , :.i ‘ a~~, : ! . n a i t ( ’  . c - c a c l c n ii. n c _ c c  ‘ n,c

Quai L i c t ~~ycc et ’ ;’ca : t . c F i , . _ c c c r ,- .- t c  . . t , , c ’ c _ _ c, f c c , l . , , a ’  .: or, ‘I,,: In, c a n in u- . - - n,.i, - s l

a_c-a d ‘t ccan~a c-i - a_ cJ c_ :t - o c L n  ‘co _c l a b s - c c  in laid — II. .lt the ; - n - - ,.c c a L  1 .: :;-.: cii  ic _ c :,c, t
- l i i

possila ll e Icr c - a n t - c l ,  I ‘i n c h :  ‘ t n _ c  c_ n ’a:a , !c,c ,, - ; c c l ’ ,- , of ’ c_ c 1i . c , i - c c  ‘a I’ crc c c  i _ c , ,  n c :  Ii c _ c _ i - c :tc -

Rcc c::a _c c.b: ; a . - o -~_c ’- n c _ c l  - c c- ,. - _c a ’t ’ ac O,;c_c t n i -  , n -: ,. . c : - .- ,; i,’ j L I a  -c ’

ili

a i ; of  c _ c  I o c  c _ a  a , ~~~a c to

of’ Jc Igc , n ’ ’ - c - c ’ r h, - I -c ia :  c - car t L.a c - ,~ ., a I , c~ :,IL ” _c’ in,’ ,L’ n ’ - ”:,.:i I,: gs ’ -.-~~~ _ c ; ’  c , , _ c a c a ’ c : ,- t , , a - , .Iun-:H
‘ - ‘a c o  j _ c a,

c ’te - c ci a _ c r , e. - ’ . 
- 

~ ‘~~~~~ .. ic , ’- ’~’ in - I a c a ]  can _ c , : 
~ 

‘ , - i T - i c -  c - n a n :  r c _ c a c - i a  cat l c. ~cite ,_c I”
‘r i O

1cc :-,; I d - ~
’ iT ‘ a a~( ’ a  iT-. ‘ c c n c a  iT t i -~ n’, ’a t o ’ ,- c : .a ’- caca a cc .ac c , ,b: :a , i ic ’ ’ c ‘‘ . ,,lt .ir :~_c ; - ~~ g

Fc c — c c _ c _ c  1,1 ‘iil..n t c ’ - a F - c c ’ I:.~: -. ig- - ri ’ c c - a_c c- f ’  tr’i:.a ’nc_ nc - .c. : l nn aacc ,’’ , _ c ’_ cJ  ‘ ‘ t a l c ;  on

vo lc -c.c, c- f’na,rO,iran of’ - , ,  c ’ :;: 1 : . c . - a c  c c , ( i c _ c a’- ; ’ n i- ’ - c , . : . ) . H, ’ .’ - ’ h a n  c _ c .:  a i’ .’ a: p - ”c ,, c ’ 

a Oa r- r - ‘ 5 i o : ’ - c_-c’ - ia - c c - a I’i’c:c: F a ‘ 0 a r t ”  I raa - ‘ . c : ’j c- -c t ,n c~ l - Ii, . 
- ‘ , tn cc I c _ c ‘ a .  ~ 5 Ic: , , - :~ c - - c _ a - ;

act h _ c t - b c e -  :‘f . c ”a rc I ‘ic’.’ . 1 ; - . i - ’ I n c i c _ c _ c I i r i c a s  to -  f t - g u n - c -  I ;  ~~~
-
~

- - t’ ‘ - ‘ I c c -  o ”.i-a c _ c - a -  f c c - ,’ ,

c_ cc - c l ca l l , ‘ -c c _ ca - ] c _ -c a ’ c c ’ - ye i - c - c - n a c, n ’i c r- a H ( ‘cc c- . .  I : ,cc a ” . ‘ -a ’ ; n at - c a - Tsr I c -  c i : ’~
parti ’- ’;]. -ci ” - i ;~’ i c - a  la ’i , b : - c ’ n l c - - ca , ’ L l ’  .1:, c a - - - - - c i to c c  c o - t i - , - c i , - ‘ - a - a - a  i c a l i c ’  in

t , a -  1’- .. ‘ ‘- c ’ I , .i c - - F’~’i;c _ ”t t a r  n C a ;  a . 11, a _ c ’  t i - c o - c - i c  - - r e , r; c- I , a l l  a c  c c c  - c c - n fl - - 
- - . - c c ’ -

‘~“ :-c I I ’ c _  - i ’ a ’t r - c n c e n I . ’c.I  . j o - a l  ,.. c c a . I a l r , ~~~~~~~ ‘nc- I ‘l’ , ( C ,’ ’ 
- 
H ’,’- ’. l’c-’ c ;’:’a ! a a - : . - j ’,t h - - c - c c ’

- , ‘ ‘ . . b H , ~i I a -
1 a _ c _ c ’ : , a’ ,‘ ‘ a : 1 :-cc I c. , ’ ‘ c _ :~ a a . - ;  ; a _ c  a _ c o - i c _ n, c ’ ’ - c ’ c a a - c  I i a ra ~ 1,’,- .

/;. : ana l, B’ - i t ; a . a  c c ’ -  .~~c , c- ca 1 a c c ~’ccti a ,a a , iTa- , t c a a  c. ta .,g c. . a c ’ c : n  i.’ l ”u’ 1,: a a ha .’.c ign

I c _ c -  c ’  cc t - ” a’ I c  c - I -  i- _ c rag I I c ’ ‘ a’ - - c ’ • 
‘‘ c t  c_ c a :: -~~o u - cc  I :‘. ;ar r’ c , ; ~. I — i ‘ a c _ n _c

~ c ’~ ’ c _ n a c _ _ c ’ ci . , ‘ c - - I~ n a ,:o - nc c c ’-” 
~~~ 

c i  1’~ ‘ - - i c c : ,  ‘a t l I - p r  r ca - b I gca.- r - c . a , c  I - c a l c ;— nar -‘5 c”

“c c  i(; H’ cc ’ c r 1  1 -  I c c . -; 1 “ alc ia l  1 d y  I a  ~
‘ Ii . ; . .~d r 1’ , . : - ’ - c - n c  I ‘

cc p h : a r  .. c_a ’ ’  ni [ a  c - F a a -c I - ~ i’ i : a : - ”. c c  i ; _ c  c- ’. c c a - oc : o f ’  H0’) ‘ I/ i- ‘
, a c h i a ’la i n : ;au ”l’ici a t

,
~~~7O

a -  n : c a i n  ‘a I ‘
~ 

- -‘..‘ br  ‘I ,’, a c _ a ‘ L a b  n - - c - c c ’ -, c _ m a  I -cc cc _ c ’ c i  0 _c ’ I  r ’j , i  c c !  - ~
‘, 11, o F’ I ~0t a  H~ 1:

i,’
~~’~~’~

’
~
”— -

~~~~~~~~~~~
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~l~Ie t a ’c _- a , c a a ,  r’ ,. - a : c .a c _ t a : ; ’  ‘ I n ’  c c c :  cr_c ‘ a  - n c _ O h  a c c a c n i c c , n a t  i l - I  Iii. - ‘,, i t b c  a ; ,  -
- a - c cc: :

n Laa ’s LI: i c c  c _ c c ‘ -vc : - ’ a  i ia a , i t a’t i , a c a  u _ c  i ci g ia c c i  ; a - c , ; L h  c : a : : I a ’ a ’ i o f . : .  i’L ,i ; c  is  c : ; ; a a - c i c _ a l J , ’

t i c _ t a.’ of ‘c_)( - , a ~~~~~~~ air ::: a ;‘aaca ; c ,  :tt ’ic:;,-_ca , c,;ra I c c _ I  cc i - ]  ~ ua I - i c  ‘~
‘ i o - - I a,l .‘. t ,c a . c c i ’ t b  c c

> 1  - ;5 0 iall,,
a c:: , : . h ; cn i ,  haul to L a c’ I ’l c_ ’ial y c_ a~~ ;_ccc’  t c _ L i e  to :, a - Cc aa a t :-  :5 (- - j a - a - o : c i ’  a :

ic_ a ‘L c _ c t i c _  cT’,:n. c c  t h c  _c, c_c ,l rac a IJ _c ’ ’ i Condi’t i - ’ a ’c c _ c Sf - ‘ c i , all tiLi_c’:i’ , c ’ , ;; ‘! i _ c ; ,’, : a a -  _ : c c . . a , c a r a

‘to i c C - c _ aLa _ cc _ icc  a- t c a c - n ( - ( a a c ’ c c a : - c on icc ‘Inc_ c a t _ c - - I c _ c e of c i crc _ c c- t n.  Th,ic : } c a ..J h : c : t o  a x cal a t - a c

a thci:’ cxa.c: :;p i cc _ c .’ 1a r - c I’c a r - . , ccnc _ ’ e in a - a a ’~~— l i f c: items . Ic c_ - a c _c- - n lac - c t . - . c-n i c _ c

hc cva c ac_ h c-u’aa ‘ t l a , c L  I’c,r :cc ca:ay t c ’c Inc a ,  h_cc , ad. loys t;’:e pa o cc c :c_ ’ ct i cccl of a p_ c” L~~a - cc  1 “ b . c _ i _ c, ’

cr-ac-k c _ a c grec_a ’Liy cccv ’ ’ :  i c c - c a t-ed Icy T_cquc_ ’oa~: c a c t _ c c  - cc .’rr- -n ion, so ~ :c : t. tI_c a s

luau- -c ia  a~c ,’n a :c kc: l be - c c _ i c : , :] de c -c - I ~n i-cc _c cc_ mi ca ;; for f ac_ 1— . ,c; ’e c ’,’.

A ’lum~ nin cc : a ’ , ,

aca ; Lu I .cc:1 _ c ni q c_ cc ’ f i n  c - c a _ c t - c _- c 1 in:; a I a - a c c - ’ , c cc,cc ’ ,’a _c ‘ c c a n  c _ a l i t  : ‘ c a , 1. ac ,’c:] n_ c ,:;

~evcraa ’-c~,,ra c c c  ~-: ,gc_ ’- a r ,- a _ c - -_ c ,~ ai Io; n) . .~lia;,’ ccc cn : ,u c - : : i t i o ; ,  O c i c I  c ’i,r j c  n- c ; a : , a . I u , :c .
- l i - c_ c - - - .,,,, - -ccx c “,aO ,a: i ; y  I’:-: a _ c a ,, nua _ c - L : .ac _ t . i’ a a - , c _ c :,u:c. ,_c c _ c c . c c r ; c cai c - -  - ,:, cc , - - ra tn - ( _ c  - c )  l c a . ; , c c _ c - c _ c -  —

t i c _ a  pa:’ .: Li a l l  1, _c of an ’ .  1.1 i a c c_; Lb _ c ’ , . 1 -,- -. ;c gti- c c -  c c c l i  c _ n  c c , :  L c_ - c - c _ c c -  i c _ c

COfl~.’Lc.:, l _ c-nac c _ c,~~,’ procc ’-~ - - - a  c a n - i  c a y - , :’: rr. j  i c , , t ’ c ’’ i a l n .

Ta t-i a: ; II’ I c c_ n c_ c_ c ; , d ccc  ,: c,’ .Ft ‘ac - a  - c _ c t : - - - . c_c doc ’ : a , .  i c _ - f l  a - , .c l  I ca r :: -” c _ i ’ a. ‘c c-

ccc ccv-c-o ’ i - . - a n c c llv cc - cc - a .  c:c ’J “C-C ’ - c a n a l  ( iT - ’ ;n - a ’ a c’c: a ] i - - ’ : cc  I c - c ,’ ’.’ - ]  i n_ c _ c c , 0 -  ,

ti-u:, . c’ .- :o- : 1 1 c _ c _ c _ c  t 1 : - c a . In: c _ c o  a~c ,t~a - - c - i ‘.‘ a ‘c ’ - I  T~ c ’ : :  , ‘1 ‘ ion :  p r a F ’  iT - I ac ‘ c

alt -cr ,’:.: car: ’: : ’ i t c h : ’ ‘ ca - b i l l ’ , .  ~~Cc c_ . ;  i c c  ala , :;ic,,c ’ a . ; a : : [ . i ’  cc I c - - c ,  c a c - ~~c_g 
~~

-

• ca ged iT i -c n n iT ]  Ic c. n t _ c” - ‘ ‘~H’I’ a uc ’ _ c c - :n c~” L  “‘ . - : _ c r~~, ‘ c : _ . a . p t a l  in thai

‘i’6 ‘t -c, ’ .. c a , c _ c I a  a I n n ’ . ‘d u Ff , - c - B a  ‘ c : L l ” ,n(c_ !: :;n, . - o f’ c _ cc _ a l a .‘ c n a ’ t I ,  - c t .  c - c  ‘ ‘ a c_u,’’:’. ‘ ‘ a .

c c  c c : ’ ,r ’ c a a c_ ac _ i :~~c ’ _ c .c cr c _ a a’ : I.:: c - n i  I c i  c i :’  I agc’i c_i - ’ . IL’ . .- h i  cat i c _ c c - c t - a ,  - - a a 

~~ ic - c - n:  ‘ c _ a  ‘,. l c ] c c, , - t c ’ ; , b .

V c c c - a  ‘ - c c - n’ 1.1.’ ( ‘ l i’ - .’ 7 c-n’ - , a , ’ ;. I ] ,’,’ a ’c , ’’ca,’dc,c ‘ c c c  c-~~r c Y  - t I c ‘ , a I ’ ’’

CO1-c’-:c _ c c , (’r: c c c : , n c a r i t : .a ii ’Ic _ ’  I c  t a n _ c  c c a a ’ ’ - n  u’ n’ - c ’ a i;’ - i , ”i,’c ’ ’ ’  a
, ~ O c r  ; c ’ - - : a a a ’i i ’ a t e

. , , Ti , a - — 12 3  - , - - - ; -;, p a  - -rn ’: .-,lil ra ‘ ta ’- Lh_ c ” a ‘ c , ,, c_~~ c c . ,a. ,r n : c ~.y p a y a ; a ~.cc , n i c c a  , cc ; i c ‘ c_ c tn- _a

a - u i u Ic: a - ‘ - I’ c , I, ‘ a i c c’r’ a t t i c ’  I. , - a ’ , i, n~’ 
- ‘

~~~~ . ! a Le a ’  - n c _ c i a  L i  I , . - ,

± ca c- I, ‘a n : , ’ ’ a c c _ i :aa ’ a c Liac’t c _ cr ’ c , c ,  n i t  1_c I c c - l a  I. , -u - a I ‘ cc _ - c _ c I, t i _c c, a ‘ a ; ’  - - ‘  -; -7 I c F in’; 1. l o t - c - — .
n c _- ca t ’ . I] ‘.rc a- - c c c  a d  I cc . ‘A-H a .  .- ‘ .1’ . ” ~ 1. ccc c ’raiK 1’:’ 3 ‘1 B ic - c p _ c c  a ‘ ‘-nc , cacn i i’c,~

f~, t  r , a r a a a c ,a d B’ - . - ,  , ‘“  c. ’ , . , : I f l a ’ ’ - ’.’ ( ‘ a ” , -  n - c “ ic _c c _i cc ~‘ Cc ’ t inn) . Ii” i t - c _ cnn _c  La .~ L c _ a i ~

a ‘ c_ al I : ,‘ III. ’ .1 a a c ’  y c_ cc. :_ c n; [ - ‘ a t .  1 - ‘-  a ’ : r ’ - ; - a - i c’,’t i can I, n . : a c _ : a a , ,—: a ; ucg l  0 Cu ,,a t i • , , I’:: C

t r , -c . i 1° c’ P 1 t a r ’ ,’; c i . c ‘ - c ; , . ;  c c t c - I ’ t ” r  i’or : ’ccI c c i l o n a  ;:itb. I c - c  i’ c t . j ’ c x  p a ’  a c_ p l Oa n .
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given strength level the fcc_c-test crackia_cI Ia. oLccca’ -c c_c d i n  ic- ’.-. alloy steels .
a , 14 1, 119Increasing al loy content lowers ‘tu e crc _~ck vo lo c_ c i  Ly , arid ilaar aging

steels  have crack rates ‘~~l0 times less than lou al l oy icLeels~~~
6 . 1~educing

160
a the grain size of 4~~ 0 steel d e c_ acc u s e d  the crack velocit y

CA~~~ R’4 showed that crack i’atca; in a 350 grade ma:a-c _ gin:~ steel could be

varied over two orders of’ magnitude by changing the a~~cira I temperature .

Inf ormat ion about microstruc ’tural influences on J_c
~ is l imite d.
3CC

S’tud.ies on 4340— type steels showed that there was no effect of prior

austeni’t e grain size 143~
l60, and that  the onl y quanti t ies  significantly

altering i - ~ were the C and I’m contents’43. CMITER14 found rio influoncescc
of heat treatment on KI 5~~ 

in a 350 grade Inaraging s teel .  For pi a_ co i p it a t io n

hardening stainless steels the generally lower Ki50~ 
values in semi—

F aus’tenitic alloys have been ‘tentativel y attributed to the pre:c caa’ ac cc : of b—

ferrite with  an associated heavy concentration of cac_ -hi -I a_c precipitates .

Since it is now reasonably established that the mechanism of stross

corrosion cracking in high strength steels involves hydrogen embrittleaiaent143,
161 ,162 ‘ -some work on t he su scep t i b i l i ty of different  microstructures to

hydrogen embrittlement is  relccvan l here , and is suir .marised in Table IV.
. . . ‘ . . . 147 , - , , 148There is a i-tide v a _ c r c _ c c - c _ c - a c  in crack  ve loc i t i e s  ac-c: p it t in g  resistance

for steels with  similar Ki~~~ 
values . Thus , the  susceptibil i ty of a steel

should not i-c rated solel y f rom smooth specimen ti acac—to — fai l tes ts .  On the
other  hand , the  usefulness of a f a i l — saf e  f r a c t u r e  mechanics approach is

limited ‘tc- steels c-nith yield strengths i cc - c than about 1450 I’-
~-I/rac

2
, e.g.

1. 0 Ui ( f igure  22b) . Thi s is becaus e in 11cc u l t rah igh strength regime the

K15 ~ 
and K1 values are so’ low , and the st ress corrosion cracking rates

lil ’7
c_’o’f’f’iciently high r a

, t a l c_ at  nc_a cracking car. ‘be t o l e ra t ed  duri ng ‘I-bce life

of a component .
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TABLE I

HIGH—CYCLE FATIGUE S’r1d~ -IuTflS OF HIGH S PHk’SbfliU MATERIALS 
2,3

MATERIALS 
- 

FATIGUE STRENGTH/ULTIMATE TEIf3ILE STRENGTH

Alum inium alloys 0.25 — 0.3

Titanium alloys 0.3 — 0.6

High strength steels (1200 h IM/rn
2) 0.45

High strength steels (1800 VIN/rn
2 ) 0.4

Maraging steels 0.35

TABLE II

QUALITATI VE INFLUENCE OF PaCEOS TRUCTUIIAL FTEATUIL~ ON FRACTURE T0UGhiNi~3S

IN QURNCI~~D AND TEIt~ ERE D STEELS 114

BEN~~I CIAL INFLUENCE DETRIM-NT AL INFLUENCE

Retained austenite network Large carbides , sul phides

Lower baini te Free f e r r i t e, as grains or as

Autotempered martenraite ‘.-n i th no int er l a t h  platelets in upper bainite

carbides Upper b a i n ide

Tempered martensi4 -a r - ’ i t h  no ; r u t e n - l - ~t u ;  Temp-m ed p l a t e  martensi te

f i lms of c a m - b i d _ c-s Tw inned p l ;.I e r n - a r t e n r - - i t e
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TABLE III

STR~~S CORROSI ON RESISTANCE OF SORE 2000 Al-ID 7000 SLC~~ -11 LI f l f l f N i U ~ ALLOYS ¾ .

IN 3 5 % MaCi WITH STR~BSE~ IN TI lE SHORT Tl~~L iV ~~ 3E Bil k CTIOII 70 , 119

a ,,
ALLOY—TEMPER I cc-c SMOOTH 01 61111-Ti ThiThcl-h}IOL 1) 1 fimc~30

D~~IGNATI0N (L~I/rc 3/2 ) (Tg r/
2

)

2024—T3 5l 9 48

2O24—T4 <55
2024—T62 300

2024—T85 1 275

2219—T37 <:) <69

2219—T62 > 0

22l9— T87 _.~,f >~ 3

201 ~-T65l 
-

~~ 
_ _

707 ~~T6 51 8

7O7~~T765l <22 70

70 75—T735l -~~23 >~ 011

7178—T651 8

7 179-—T7~~5l — 1 9

7O50—T765 1X ~~ lO

7050—T7 3(-51 25

ii: : I.IF~TI.II~
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