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The f a t i gue -c r ack  propagat ion behavior  of Type 304 s t a i n l e s s  s t ee l  was inves t iga ted  within the 
f r a m e w o r k  of l i nea r  e l a s t i c  f r a c t u r e  mechan ic s  at t e m p e r a t u r e s  of 75 ~ 600, 1000, and 1200~ 
The cycl ic  f requency for  the e levated  t e m p e r a t u r e  tes t s  was 4 cpm. It was found that,  in gen- 
e r a l ,  f r a c tu r e  mechan ic s  concepts  may be used to desc r ibe  the c rack  propagat ion behavior  at 
these t e m p e r a t u r e s ,  and that i n c r e a s i n g  the t e m p e r a t u r e  had a s igni f icant  effect  in i n c r e a s i n g  
the f a t i g u e - c r a c k  growth ra te .  

A U S T E N I T I C  s t a in l e s s  s t ee l s  a re  among the p r ime  
candidates  for  s t r u c t u r a l  appl ica t ions  in the l iquid-  
meta l  f a s t - b r e e d e r  type nuc l ea r  r e a c t o r s  (LMFBR). 
The L M F B R ' s  are  cons idered  to be r ep re sen t a t i ve  of 
one of the types of the next  genera t ion  of power gene r -  
at ing r e a c t o r s ,  and it is ant ic ipa ted  that g rea t e r  ove r -  
al l  e f f ic ienc ies  will  be r ea l i zed  through the use of these 
r e a c t o r s .  One of the ma in  r e a s o n s  for  the i nc rea sed  ef-  
f ic iency  wil l  be the use of cons ide rab ly  h igher  opera t ing  
t e m p e r a t u r e s  than are  p reva len t  in today ' s  genera t ion  
of p r e s s u r i z e d  water  and boi l ing water  r e a c t o r s .  
Sodium or  other  liquid m e t a l s ,  r a the r  than p r e s s u r i z e d  
water ,  wil l  be used for  the cooling media ,  and opera t ing  
t e m p e r a t u r e s  of many of the components  are  expected 
to be in the 1000 ~ to 1200~ range .  T h e r e f o r e ,  knowl- 
edge of the f a t i gue -c r ack  propagat ion behav ior  of the 
aus ten i t ic  s t a in l e s s  s tee l s  in this t e m p e r a t u r e  range 
will  be of value in the des ign  and deve lopment  of s t r u c -  
t u ra l  components  for the L M F B R ' s .  

This  paper  de sc r i be s  work that has  been done in de- 
t e r m i n i n g  the f a t i gue -c rack  growth c h a r a c t e r i s t i c s  of 
AISI Type 304 s t a in l e s s  s teel  subjected to typical  
LMFBR opera t ing  t e m p e r a t u r e s .  The work has  been 
done in support  of the F a s t  F lux  Tes t  Fac i l i t y  p r o g r a m .  

EXPERIMENTAL PROCEDURE 

The m a t e r i a l  used in this  inves t iga t ion  was obtained 
f rom a spec ia l  supply of w e l l - c h a r a c t e r i z e d  m a t e r i a l s  
that the U.S. Atomic Energy  C o m m i s s i o n  ma in t a in s  to 
insure  that i n t e r l abo ra to ry  s tudies  wil l  be dea l ing  with 
the same m a t e r i a l .  All s p e c i m e n s  used in this study 
were taken f rom ~ in, thick pla tes  of AISI Type 304 
s t a in l e s s  s teel  (Allegheny Ludlum Heat No. 55697). The 
cer t i f ied  chemica l  ana lys i s  and s ta t ic  room t e m p e r a -  
ture  mechan ica l  p rope r t i e s  for  Heat no.  55697 are  given 
in Tab le s  I and II, r e spec t ive ly .  The m a t e r i a l  was in 
the annealed  condit ion,  and the mechan ica l  and t h e r m a l  
h i s to ry  is detai led in the Appendix. 

With the exception of spec imen  no. 3, a l l  of the spe-  
c imens  used in this study were  of the s i ng l e - ed ge - no t c h  
(SEN) conf igurat ion.  Specimen no. 3 was of the wedge- 
opening- load (WOL) type, and had the p lanform d imen-  
s ions  of a s tandard  1-in. WOL spec imen ,  but was only 
1 . 

~- m.  thick,  see F ig .  1 for  spec imen  d i m e n s i o n s .  A 
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j e w e l e r s '  saw was used to produce a c r a c k - s t a r t e r  
�9 1 notch approxxmately ~- in.  long in the SEN s p e c i m e n s  

and the fatigue c rack  was al lowed to ini t ia te  f rom the 
notch and grow approx imate ly  0.05 in. before c rack  
length m e a s u r e m e n t s  were commenced .  

All  spe c i me ns  were cycled in un iax ia l  t ens ion  at 
s t r e s s  ra t ios  between ze ro  and 0.05, see Table  III for  
t es t  p a r a m e t e r s .  Two types of fat igue t es t ing  mach ines  
were  employed:  an e l ec t rohyd rau l i c  se rvocon t ro l l ed  
MTS fatigue machine ,  and a B a l d w i n - T a t e - E m e r y  uni -  
v e r s a l  t e s t ing  machine  (BTE) equipped with a load- 
cycl ing a t t achment .  Two ' cyc l i c  load waveforms  were 
u t i l ized with the MTS mach ine ,  (a sawtooth r a m p  for  
spe c i me ns  nos .  1, 4, 5, and a s inuso ida l  waveform for  
spec imen  no. 3), while the BTE machine  produced a 
waveform that approximated  a sawtooth r a m p ,  see F ig .  
2. Cyclic f r equenc i e s  were  kept low (4 cpm) for the 
e levated  t e m p e r a t u r e  tes t s  s ince  many  of the r eac to r  
s t r u c t u r a l  loadings  of i n t e r e s t  do not occur  at the high- 
e r  f r equenc i e s .  It was found that even at 4 cpm, the 
loads indicated by the loading dia l  on the BTE cont ro l  
console were  unre l i ab le  due to the i ne r t i a  of the loading 
sys t em and the re sponse  c h a r a c t e r i s t i c s  of the bourdon 
tube and assoc ia ted  m e c h a n i c a l  l inkages  that compr i se  
the load ind ica tor  sy s t e m.  T h e r e f o r e ,  a load cel l  was 
i n se r t ed  in the loading t r a i n ,  in s e r i e s  with the spec i -  
men and the output of the load ce l l  was used in se t t ing  
up the cycl ic  load l imi t s .  

Crack  lengths  were  read at approx imate ly  65X with a 
G a e r t n e r  t r a v e l l i n g  mic roscope  (least  dial  d iv is ion 
0.0001 in.),  and c rack  length vs  cycles  data were taken 
throughout  each tes t .  In the case of the e levated t em-  
pe ra tu re  s p e c i m e n s ,  c rack  length r ead ings  were always 
taken af ter  the spe c i me ns  had comple te ly  cooled to 
room t e m p e r a t u r e .  Crack  length read ings  were made 
on each side of the spec imen  and then averaged .  The 
c rack  lengths  were not c o r r e c t e d  for  p las t ic i ty  effects .  
In gene ra l ,  the i n c r e m e n t  of c r a c k  ex tens ion  between 
r ead ings  was l imi ted  to 1 pct (or l e s s )  of the total  spe-  
c imen width. The c rack  growth ra te  was calcula ted for  
each i n c r e m e n t  of c rack  ex tens ion ,  and the s t r e s s  in-  
t ens i ty  fac to r  range was based on the average  c rack  
length for  that i n c r e m e n t  u s ing  

SEN Specimen : 

( \ ~  + 30.38 [1] ~21@71 
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Table I, Certified Chemical Analysis of AISI 304 Stainless Steel Allegheny Ludlum Heat No. 55697 

C Mn P S Si Cr Ni Cu Mo Pb Ca Sn Ti N 

Ladle 0.051 0.83 0.020 0.012 0.47 18.30 9.50 0.13 0.09 <0.001 0.I 1 0.01 <0.01 0.032 
Check 0.050 0.88 0.019 0.010 0.50 18.21 9.57 0.21 0.18 <0.001 0.11 0.004 <0.01 0.034 
Check 0.050 0.88 0.018 0.010 0.49 18.29 9.53 0.21 0.18 <0.001 0.11 0.006 <0.01 0.024 
Check 0.060 0.86 0.019 0.010 0.49 18.26 9.43 0.21 0.18 <0.001 0.11 0.008 <0.01 0.032 

Total rare earths <0.001 

Table II. Certified Mechanical Properties for AISI 304 
Stainless Steel Plate Allegheny Ludlum Heat NO. 55697 

0.2 Pct Yield Tensile 
Strength, Strength, Pct Hardness, Pct G.S. 

psi psi Elongation Bnh R.A. ASTM 

39,700 77,100 65 126 60.8 4.5 
39,500 77,000 65 126 60.5 4.5 

Tensile test conducted per ASTM E8-61T. 
Oxalic acid test satisfactory. 
Bend test satisfactory. 

WOL Spec imen : 

(aS"  I o.o + 
-lo  .o ( a )  + 

where o is the uni form gross  sect ion s t r e s s  remote  
f r o m ,  and n o r m a l  to, the c rack  plane;  P is the tens i le  
load applied to the spec imen;  a is the c rack  length; W 
is-the spec imen  width; and t i s  the spec imen  th ickness .  

Specimens  6 through 10 were tes ted in a i r  at e le -  
vated t e m p e r a t u r e s  co r re spond ing  to the ant ic ipated 
LMFBR opera t ing  r eg ime .  The spec imens  were r a -  
diant ly heated by banks of Resea rch  Inc.  " P y r o p a n e l "  
heat ing f ix tu res  employing quar tz  lamps .  T e m p e r a t u r e  
cont ro l  was accompl i shed  through the use of Research  
Inc.  " T h e r m a c "  control  uni ts .  Each side of the speci -  
men had three  independent  zones  of t e m p e r a t u r e  con- 
t ro l .  In addition to the control  the rmocoup les ,  twelve 
c r o m e l - a l u m e l  the rmocouples  were placed at va r ious  
locat ions  on each spec imen  to moni to r  the t e m p e r a -  
t u re .  With this a r r a n g e m e n t ,  it  was possible  to con- 
t ro l  the t e m p e r a t u r e  in the v ic in i ty  of the c rack  to 
within :L 5~ and t e m p e r a t u r e s  were  main ta ined  within 
approx imate ly  i 20~ over  the en t i re  spec imen .  

The r e m a i n d e r  of the tes t s  were  conducted under  am- 
b ient  l abora to ry  condi t ions ,  and provide the " b a s e -  
l i n e "  data with which to compare  the elevated t e m p e r a -  
ture tes t  r e s u l t s .  The re la t ive  humidi ty  at room t em-  
pe ra tu re  ranged between 15 and 45 pct dur ing  these 
t e s t s .  

Maximum cycl ic  load leve ls  were chosen such that  
the s t r e s s e s  in the net  sec t ion  were well  below the 
yield s t rength  at the end of the tes t .  In gene ra l ,  a tes t  
was t e rmina t ed  when e i ther  1) the c rack  length (SEN 
spec imens )  equaled half the spec imen  width or  2) when 
the average s t r e s s  in the net  sec t ion  reached 80 pct of 
the yield s t rength  at the appropr ia te  tes t  t e m p e r a t u r e .  

Yield s t r eng ths  were not de t e rmined  for the elevated 
t e m p e r a t u r e  cases .  However,  examina t ion  of the mul -  
titude of e levated  t empe ra tu r e  t ens i l e  t e s t s  l i s ted in 
Ref. 1 indicated that the lowest r epor ted  y ie ld  s t r eng ths  
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SEN SPEC IMEN WOL SPEC IMEN 

SPECIMEN SPECIMEN CRACK 
NUMBER TYPE I W ORIENTATION 

1 SEN 0.491 IN. 4.950 IN. RW 
2 SEN 0.491 4.910 RW 
3 WOL 0.494 2.001 RW 
4 SEN 0.493 4.915 WR 
5 SEN 0.496 4.910 WR 
6 SEN 0.494 4.918 WR 
7 SEN 0.496 4.898 RW 
8 SEN 0.496 4.918 WR 
9 SEN 0.497 4.910 RW 
10 SEN 0.494 4.921 WR 

Fig. 1--Fatigue test specimens. All dimensions in inches. 

for  Type 304 s t a i n l e s s  s tee l  at 1000 ~ and 1200~ were 
40 and 39 pct, r e spec t ive ly ,  of the room t e mpe ra tu r e  
va lues .  Using ( r y  s = 39,500 psi  (lowest of Table  II 
va lues) ,  a conserva t ive  es t imate  of 1000 ~ and 1200~ 
monotonic  yield s t r eng ths  would be 15,800 and 15,400 
psi ,  r e spec t ive ly .  With this in mind,  m a x i m u m  gross -  
sec t ion  s t r e s s e s  were kept quite low for  spec imens  6 
through 10. Cycl ic  work -ha rden ing  might  have ra i sed  
the yield s t rength  somewhat ,  2 but the monotonic yield 
s t r eng ths  were used for de t e r mi n i ng  when to t e rmina te  
a tes t .  

RESULTS AND DISCUSSION 

Although the aus ten i t i c  s t a in l e s s  s tee l s  are widely 
used in s t ruc tu r a l  appl ica t ions ,  l i t t le f a t i gue -c rack  
growth rate data has been published concern ing  the i r  
behavior  at e i ther  room or elevated t e m p e r a t u r e s .  
Bro thers  3 has studied the f a t i gue - c r a c k  growth rate  be-  
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T a b l e  I I I .  S u m m a r y  o f  T e s t  P a r a m e t e r s  

Specimen Maximum Stress Test 
No, Temp. Stress Ratio Frequency Machine 

1 75~ 9,250 psi 0.004 400 cpm MTS 
2 75 18,980 0 2 BTE 
3 75 * 0.050 60 MTS 
4 75 9,300 0.004 400 MTS 
5 75 18,480 0.002 180 MTS 
6 600 8,230 0 4 BTE 
7 1000 8,230 0.050 4 BTE 
8 1000 5,740 0 4 BTE 
9 1200 5,940 0 4 BTE 

10 1200 8,230 0 4 BTE 

*Maximum load = 1700 lb. 
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Fig. 2--Typical cyclic waveform for Baldwin-Tare-Emery 
machine. 
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hav io r  of Type 304 at room t e m p e r a t u r e ,  550 ~ and 
650~ and Hudson 4 has  published c r ack  length vs  c y c l e s  
data f o r  Type 301 at r o o m  t e m p e r a t u r e  and 550~ 
(Hudson a t tempted no c o r r e l a t i o n  between da/dN and 
AK). Because  both B r o t h e r s  and Hudson used m a x i m u m  
g r 0 s s - s e c t i o n  s t r e s s  l eve l s  at o r  above ays ,  the i r  data 
is of doubtful value  f r o m  the s tandpoint  of l inear  e l a s -  
t ic  f r a c t u r e  mechan i c s .  

The t e s t  r e s u l t s  of this study fo r  75 ~ 600 ~ 1000 ~ 
and 1200~ are  given in F i g s .  3 through 6 as plots  of 
da/dN vs AK. The sca le  of the a b s c i s s a  is  expanded,  
r e l a t i v e  to that of the o rd ina te ,  so that  any t r ends  (as 
wel l  as  e x p e r i m e n t a l  s ca t t e r )  become  m o r e  pronounced.  

Examina t ion  of F ig .  3 r e v e a l s  that ,  as  might  be ex -  
pected  f o r  a cubic m a t e r i a l  in the annealed  condit ion,  
the re  is no not iceable  d i f fe rence  in behav io r  between 
RW and WR or i en ta t ions .  T h e r e  is  a l so  no apparen t  e f -  
f ec t  on f a t i g u e - c r a c k  growth ra te  at r o o m  t e m p e r a t u r e  
due to d i f f e r ences  in e i t h e r  cyc l ic  f r e q u e n c y  or  wave-  
f o r m .  An app rox ima te ly  l inear  r e l a t i onsh ip  is o b s e r v e d  
between log (da/dN) and log (AK), and the behav ior  may 
gene ra l l y  be desc r ibed  by the r e l a t i onsh ip  sugges ted  by 
P a r i s  and Erdogan  5 

da/dN = C ( ~ : ) n  [3] 

where  da/dN = f a t i g u e - c r a c k  growth r a t e ;  AK = s t r e s s  
in tens i ty  f ac to r  range ;  and C and n = cons tants  fo r  a 
given m a t e r i a l - e n v i r o n m e n t  combina t ion .  A l ea s t -  
squa re s  r e g r e s s i o n  was used to obtain the bes t  f i t  
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Fig. 3--Fatigue-crack propagation behavior of Type 304 stain- 
less steel at 75~ 

through the data ,  and this is a l so  shown. It wi l l  beno ted ,  
howeve r ,  that  the data of th ree  s p e c i m e n s  (nos. 1, 3, 
and 4) ind ica tes  that t he re  appea r s  to be a s lope t r a n s i -  
tion at a Z~K of app rox im a te ly  17,000 psi4~-~. Since the 
s p e c i m e n s  were  p r e c r a c k e d  at (or below) the t es t  load 
for  app rox im a te ly  0.05 in. be fore  r ead ings  were  com-  
menced ,  it i s  doubtful that th is  behav ior  could be at-  
t r ibu ted  to c r a c k  in i t ia t ion or  notch e f f ec t s .  The ap-  
paren t  change in c r ack ing  behav io r  m e r i t s  f u r t he r  
study.  

S i m i l a r  s lope t r ans i t i ons  have been noted by P a r i s  
et a l l  for  SAE 9130 s t ee l ,  by Wi lhem 7 for  2024-T3 and 
7075-T6 a luminum a l loys ,  by Gurney 8 fo r  mild  s t ee l ,  
and by F e e n e y  et al. 9 for  2024-T3 and 7075-T6 a lumi -  
num a l loys .  Wi lhem 7 a t t r ibuted  the slope t r ans i t ion  to 
a change f r o m  a tens i le  mode to a shea r  mode ,  while 
Gurney 8 sugges ted  that the slope t r ans i t ion  was  a 
function of the mean  s t r e s s .  F e e n e y  et al. 9 have in- 
ve s t i ga t ed  the slope t r ans i t i on  in m o r e  de ta i l  and have 
concluded that the t r ans i t ion  is  not e n v i r o n m e n t a l l y  
con t ro l l ed  and r e f l e c t s  some  in t r i n s i c  f ea tu re  of the 
m a t e r i a l  (possibly involv ing  the p las t i c  zone s ize ,  in- 
t e r p a r t i c l e  spac ing  and m a t e r i a l  duct i l i ty) .  The p r e s en t  
authors  concur  with F e e n e y  e t al. 9 r e g a r d i n g  the lack of 
a s y s t e m a t i c  e n v i r o n m e n t a l  (i.e. t e m p e r a t u r e )  pa t te rn  
to the t r ans i t i on  points .  It is d i f f icul t ,  however ,  to see 
how p las t i c  zone s ize  could play an impor t an t  ro le  in 
expla in ing  the slope t r a n s i t i o n s  o b s e r v e d  in this  study. 
At the two t e m p e r a t u r e s  where  the t r ans i t ion  is mos t  
pronounced,  75 ~ and 1200~F, the t r ans i t ion  takes  place 
at  a p p r o x i m a t e l y  the same va lue  of ~XK. The m a t e r i a l  
yield s t r eng ths  (and hence p las t i c  zone s i ze s )  a re  ob- 
v ious ly  quite d i f fe ren t  at the two t e m p e r a t u r e s .  The 
f r a c t u r e  f a c e s  fo r  a l l  s p e c i m e n s  t es ted  were  f lat  (i.e. 
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n o r m a l  to the appl ied s t r e s s )  and devoid of shea r  l ips .  
T h e r e f o r e ,  the t r ans i t i ons  cannot be a t t r ibuted  to a 
change f rom a t ens i l e  mode to a s h e a r  mode .  

F i g s .  4, 5, and 6 i l l u s t r a t e  the behav io r  at 600 ~ 1000 ~ 
and 1200~ In gene ra l ,  the " p o w e r  l a w "  r e l a t ionsh ip  
is main ta ined .  Again there  is sugges t ion  of a slope 
t r ans i t ion  in al l  t h ree  se ts  of data .  In the case  of the 
data  at 600 ~ and 1000~ the slope t r a n s i t i o n s  have been 
indicated with ques t ion  m a r k s  s ince  few data  points  
e x i s t  at the lower  growth r a t e s .  Howeve r ,  the au thors  
f ee l  that the lower  data points r e p r e s e n t  val id  t e s t  
va lue  s.  

It wi l l  be seen  that in gene ra l ,  the f a t i g u e - c r a c k  
growth ra te  i n c r e a s e s  with i n c r e a s i n g  t e m p e r a t u r e .  
Th i s  is gene ra l ly  in accord  with the obse rva t i ons  of 
s e v e r a l  o ther  i n v e s t i g a t o r s  fo r  a v a r i e t y  of d i f fe ren t  
m a t e r i a l s .  ~~ Between 5Jr = 9500 psi~/in, and AK 
= 12,000 psi i ~ . ,  the data  s e e m s  to imply  that  the 
c r a c k  growth ra te  is h igher  at 1000 ~ than at 1200~ 
Superpos i t ion  of the individual  data  points for  both 
c u r v e s  shows,  however ,  that the d i f f e r e n c e s  a re  not 
g rea t  and a re  a l m o s t  within the s c a t t e r  of the data.  

The contr ibut ion of the a i r  e n v i r o n m e n t  to the in- 
c r e a s e d  c r a c k  growth r a t e s  at e l eva ted  t e m p e r a t u r e s  
is  unknown, but the c r ack  growth r a t e s  a r e  probably  
h igher  than those  at the co r r e spond ing  t e m p e r a t u r e  in 
vacuo. The r e s u l t s  of Smith et al. ~4 indicate that at 
t e m p e r a t u r e s  of 500 ~ and 800~ the f a t i g u e - c r a c k  
growth r a t e s  of Type 316 s t a i n l e s s  s t ee l  a re  approx i -  
ma te ly  an o r d e r  of magni tude h igher  at 810 t o r r  oxygen 
than at 10 -6 t o r r  oxygen.  (Tests  w e r e  conducted in r e -  
v e r s e d  bending at constant  ampl i tude  and c rack  growth 
r a t e s  were  plotted agains t  c r a c k  length).  

Wei  ~x has sugges ted  that it may be poss ib le  to r e p r e -  

sent  the f a t i g u e - c r a c k  growth behav io r  with an A r r h e -  
n ius - type  ra te  p r o c e s s  t e r m ,  

--u (aK) 1 d a - A f ( A K )  exp [4] 
dN kT J 

where  A = a constant;  f(AK) = c r ack  d r iv ing  fo rce ;  
u ( ~ )  = a p p a r e n t  ac t iva t ion  energy ;  k = B o l t z m a n n ' s  
constant ;  and T = absolute  t e m p e r a t u r e .  Yokobor i  1S has  
a lso  sugges ted  a ra te  p r o c e s s  approach  to f a t i g u e - c r a c k  
propaga t ion ,  and Ryder  and Ga l l aghe r  n have had succese  
in applying a ra te  p r o c e s s  ana lys i s  to the f a t i g u e - c r a c k  
propagat ion of SAE 4340 s t ee l  in d i s t i l l ed  wa te r .  

The data obtained in th is  study is p r e sen t ed  in the 
f o r m  of an Ar rhen ius  d i ag ram  in F i g .  7. Each data 
point shown r e p r e s e n t s  the value of the l e a s t - s q u a r e s  
r e g r e s s i o n  at the p a r t i c u l a r  value  of AK under  consid-  
e r a t i o n .  As may be seen ,  the data does  not f i t  wel l  with 
a l i nea r  re la t ionsh ip  between log (da/dN) and 1/T. 
F a t i g u e - c r a c k  growth r a t e  is  obvious ly  a t h e r m a l l y -  
ac t iva ted  p r o c e s s ,  although the r e s u l t s  of this study in- 
dicate  that over  the wide range of t e m p e r a t u r e s  con- 
s i de r ed  (534 ~ to 1659~ a s ingle A r r h e n i u s - t y p e  ra te  
p r o c e s s  t e r m  does not adequate ly  r e p r e s e n t  the behav- 
io r .  In o r d e r  for  a s ingle  ra te  p r o c e s s  t e r m  to des -  
c r ibe  a given phenomenon ove r  some t e m p e r a t u r e  range ,  
a s ingle  p r o c e s s  mus t  be dominant  o v e r  that range.  
T h e r e f o r e ,  the p r e sen t  data  im p l i e s  that  more  than one 
p r o c e s s  is dominant  in the fatigue c r a c k i n g  of Type 304 
s t a i n l e s s  s tee l  ove r  the t e m p e r a t u r e  range  75 ~ to 
1200~ 

CONCLUDING REMARKS 

The r e su l t s  of this study are  s u m m a r i z e d  in F ig .  8. 
It may be seen that t e m p e r a t u r e  has  a profound ef fec t  
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upon the rate  of f a t i gue -c r ack  propagat ion .  It appea r s  
that even at t e m p e r a t u r e s  of approx imate ly  one-ha l f  
the mel t ing  point,* the s imple  power law re l a t ionsh ip  

"1200~ corresponds to 1659~ and the melting range of Type 304 stainless 
steel is 3009 ~ to 3109~ 

of Eq. [3] holds so long as  the ave rage  s t r e s s e s  in the 
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net sec t ion  r e m a i n  gene ra l l y  e l a s t i c .  Actual ly ,  it ap- 
pea r s  n e c e s s a r y  to use at l eas t  two power laws to 
adequately r e p r e s e n t  the behav ior ,  as  the data indica tes  
that there  is a t r a n s i t i o n  in the da/dN vs AK plot in the 
r a n g e  AK = 10 ,000  to zkK = 17 ,000  p s i  i4]~n. T h e  r e a s o n  
f o r  t h i s  c h a n g e  in t he  c r a c k i n g  b e h a v i o r  i s  no t  k n o w n ,  
b u t  i t  i s  t h o u g h t  t h a t  the  p l a s t i c  z o n e  s i z e  d id  no t  p l ay  a 
s i g n i f i c a n t  r o l e  s i n c e  t he  t r a n s i t i o n  t a k e s  p l a c e  a t  e s -  
s e n t i a l l y  the  s a m e  v a l u e  of AK a t  75 ~ and  a t  1200~F.  

I t  h a s  b e e n  p r e v i o u s l y  s u g g e s t e d  1~ t h a t  a n  A r r h e -  
n i u s - t y p e  r a t e  p r o c e s s  f u n c t i o n  m i g h t  be  u s e d  to d e s -  
c r i b e  the  f a t i g u e - c r a c k  g r o w t h  b e h a v i o r  o v e r  a g i v e n  
t e m p e r a t u r e  r a n g e .  T h e  r e s u l t s  of  t h e  p r e s e n t  s t u d y  
s h o w ,  h o w e v e r ,  t h a t  a s i n g l e  r a t e  p r o c e s s  t e r m  d o e s  
not  d e s c r i b e  the  c r a c k i n g  b e h a v i o r  of T y p e  304 s t a i n -  
l e s s  s t e e l  o v e r  the  t e m p e r a t u r e  r a n g e  75 ~ to 1200~ 
T h e  i m p l i c a t i o n  f r o m  t h i s  i s  t h a t  m o r e  t h a n  one  p r o c e s s  
i s  d o m i n a n t  o v e r  t h i s  l a r g e  t e m p e r a t u r e  r a n g e ,  a l t h o u g h  
f i n a l  a s s e s s m e n t  of the  a p p l i c a t i o n  of r a t e  p r o c e s s  t h e -  
o r y  a l s o  h i n g e s  on  a m o r e  c o m p l e t e  d e f i n i t i o n  of the  
p r e e x p o n e n t i a l  t e r m ,  A .  
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A P P E N D I X  

M e c h a n i c a l  a n d  T h e r m a l  H i s t o r y  of  M a t e r i a l  

AISI  T y p e  304 ( A l l e g h e n y  L u d l u m  H e a t  N o .  5 5 6 9 7 )  
w a s  p o u r e d  i n t o  i n g o t s  w h i c h  w e r e  23 by  42 i n .  in  c r o s s -  
s e c t i o n .  T h e  i n g o t s  w e r e  s u b s e q u e n t l y  h o t  r o l l e d  in  
t h i r t y - t h r e e  p a s s e s  ( s t a r t i n g  t e m p e r a t u r e  = 2 3 5 0 ~  
f i n i s h i n g  t e m p e r a t u r e  = 2 1 4 0 ~  i n t o  s l a b s  6 i n .  t h i c k  b y  

36 i n .  w i d e .  
A f t e r  s l a b b i n g ,  t h e  m a t e r i a l  w a s  c u t  i n t o  t h r e e  p i e c e s  

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

o f  t h e s e  p i e c e s  w e r e  5 .85  i n .  t h i c k  b y  36 i n .  b y  52 i n .  
T h e  p i e c e s  w e r e  r e h e a t e d  to  2 2 5 0 ~  f o r  3~ h r  p r i o r  to  
h o t  r o i l i n g .  H o t  r o l l i n g  w a s  a c c o m p l i s h e d  in  s e v e n t e e n  

p a s s e s  ( s t a r t i n g  t e m p e r a t u r e  ~- 2 2 5 0 ~  f i n i s h i n g  t e m -  
p e r a t u r e  = 1 7 0 0 ~  a n d  t h e  p l a t e s  w e r e  r e d u c e d  f r o m  a 
t h i c k n e s s  of  5 . 8 5  i n .  to a t h i c k n e s s  of  0 . 5 1 5  i n .  

A f t e r  h o t  r o l l i n g ,  t h e  p l a t e s  w e r e  p l a c e d  i n  a f u r n a c e  
a t  1 2 0 0 ~  a n d  h e a t e d  to  2 0 0 0 ~  in 37 m i n .  T h e  m a t e r i a l  
w a s  h e l d  a t  2 0 0 0 ~  f o r  1 h r  a n d  t h e n  w a t e r  q u e n c h e d .  
T h e  p l a t e s  w e r e  t h e n  p i c k l e d ,  c u t  to s i z e  b y  a b r a s i v e  
c u t t i n g ,  a n d  u l t r a s o n i c a l l y  i n s p e c t e d .  
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