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A Study on Growth Behavior of Small Fatigue Crack in 304 Stainless Steel
at Elevated Temperatures
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Abstract

Rotating bending fatigue tests of an austenitic steel 304 were performed at various tempera-
tures such as room temperature, 538° and 593°C. The plastic replica method was also applied in
order to estimate the fatigue life on the basis of serial observation of small fatigue crack initiation
and growth on the pit specimen surface. The fatigue crack growth behavior of 304 stainless steel
was investigated within the frame work of elastic-plastic fracture mechanics within a narrow
scatterband in spite of different stress levels at elevated temperature as at room temperature. The
growth law of small surface crack is determined uniquely by the term J¢”g where Jg is the stress
amplitude, a is the crack length, and % is a constant. It is found that the small crack growth
behavior is basically equivalent to the S- N, relationship, where S and N, are stress and number
of cycles to failure, and the fatigue life prediction is in good agreement with the experimental

results.

1. M 2

QAZE A% FHE), 34 99 =
1% 298 59 dA4s 877 hdel Fdis)
T 9% @ AR, A 47 2e, 2
25HeolH 48D 9ol oI AT 33
Fol BF AFE AT FEAA, dHA B
% 58 Adle Fu sz A
FAe, #ebd 24zl EAGHE Fe E
W Sz ol BT AT FLT AFHAel 5
I AJ[D]’(I~8).
PEEREE=r

“AEY, faRdn

N

Y Aug 4

Nl

1

o5

F3ee 7 A5}
3l AAIA g

Aot e REHRFAY AAAFL SH
AAGHY JKE AYsE 7401 A ¢3A gl
JEM Aol Ao e ¥ Fdo AEe #
T EAv SHIAASHS K2 AA ] Ao
7t &7k’ AFt ged, olzldl 3 AT
ZeAQ 2oANE BT AFels} vmd =
3B EgE ol ofx el el Yok,

Rice"i] o}5te] Alotd jAEL d3z mlz
Ao Aol ﬂﬂil%}zl“} Z—VJ 22*0}71 oj#g <
ole] Z EFH =
A sh5g U= Adtsn 3,14 22} o] uiy
€+ Hae $H-HUYE 47410*1 «l e %° 34

s

w}aw Kltagawa Sl %]ésﬂa]xla Z Aol



88

A A U Y G des A48T DY
$ BoA4Y AKee ALHASL. 5 Ke
Agad JKE AWAAE YT W A7 S
gz4ol YAAEE AKee e dAzdde) A
sl @ EUA Aelsh AE d9d ciARS
2 48z Yk
2eu 4718 4], dKe 59 duhd oju
Anks 8ot J2AEHY 3 G
48 4L 24eE AL 44 9 5
23 344 2AS AL o2t B4 24
% olee 497 werz Bad IAAAS
} . ek ole @ A AA EA
Be A7l ALE T g,
257149 2UAH A8HY &

I
dfo

A

w go O o o

ol B3
A A7 tede A 2anA gl
o] W& Frost'¥o] ¢3le A& AgHez

Agzlgdy, 1 % Waering®®, Nisitani®” %ol
olste] A23te] Hz Fhol disted 2 FEAl
45 dF=H

B AFoME ner|re Fre EAdz g
ALsn Qe 304xHdEARS Adsie] A

538°C(1000°F) o 593°C

Wi APdel w4 W vz FA A4
A%E slEsbdel dsted AAd BEZA}A

K-

gaejsdez A4 dFdns a4 & H2F
Ao HAEAL domas) AAHEE S B
FAoz Arlekn, +9dEe AAsd 1 £
4e vaAEdt =8 =TI 4o

@ A¥AY AREL PCE ol&3el A4
sARgo A HAdEd AAd F58 727
A2% AAGDA S

A:—I'

2.1 ANEHH

B Ao AgH A" Ase 15549 A
22 (FBR) o mg77]o] e A&l AA 13
mme] 97 FEE 1100°Coll A =& 33 2] 3l
T 2" Qe s 3047e g 2 shekE AR}
71AA 4AL 77t Table 1 9 Table 20 e
At

AR

AR A

Table 1 Chemical composition(weight percent)

C Si |[Mn| P S Cu | Ni | Cr
0.05]0.471.82(0.034/0.014] — |8.15|18.7
Table 2 Mechanical properties

Yield
Tempe- point | Tensile |Elonga- nglrllc‘ Hardne-
ratullz o 0.2% |Strength| tion of area| 3
offset | MPa % % Hv
MPa °
R.T. | 343.3 | 627.8 | 54 74 197
538°C | 208.0 | 505.2 | 40.8 { 66.5 —
593°C | 191.3 | 479.7 | 39.2 | 63.8 —

Fig. 1 Microstructure of type 304 stainless steel
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