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Table 1. Characteristics of cycle-dependent and time-dependent fatigue crack

propagation at high temperature.

Items ® Cycle-dependent fatigue crack propagation © Time-dependent fatigue crack propagation Figures Ref,
1. Frequency High frequency Low frequency 1 12-7)
dependence High strain rate in tension going period Low strain rate in tension going period irrespective
(Strain rate irrespective of strain rate in compression of strain rate in compression
dependence)
2. Stress or strain p-p type waveform: c-c type waveform: 2 |8)~10)
weveform dependence fast-fast or no hold slow-slow or tension and compression hold
p-c type waveform: c-p type waveform:
fast-slow or compression hold slow-fast or tension hold
3. Temperature Little Remarkable 1,4 19,11,
dependence Effect of temperature dependence of ductility, Activation energy for crack propagations: )
elastic modulus, and/or yield stress activation energy for creep
4. Fracture Transgranular Intergranular 2)-4),
morphology Fatigue striation In some steels, transgranular fracture with dimples 1% :_?)55
In some cases (in Resion (D in Fig. 1), mixed
fracture
5. Mechanism of crack | Crack opening and crack-tip blunting Creep strain accumulation 3 16)-19)
propagation Crack closure and crack-tip resharpening Stable propagation of ductile crack
6. Fracture difdN=Cys(d4]7)ms (1) | di/dt=C (J*)m. (2) 4,5 4),6)=11),
mechanics law 4]y fatigue J-integral range (cyclic J-integral) | J*: creep J-integral (modified J-integral or 13), 14;,
*_. -
Cy, my: material constants c paranfeter) 18)-20
C¢, m;: material constants
di/dN=C.4]; (mc=1) (3)
4].= f "'J* dt: creep J-integral rang
0
Eq. (1) includes di/dN- 4K relation for high Eq.(2) nearly coincides with that of static
cycle fatigue. (monotonic tensile) creeep.
Usually, 1<m;<2 Usually, m.=1
7. Evaluation of ) JE=J* ient +J* 6 [21)-30)
b daod transient steady creep
J-integral Aj=Ajel,,st,-c+AJN“,,-c=27rM,{¥'2—Ef —9nM 1+28n oe. +n+1f(n) aéc}l
(in the case of N+1 dode, = J{ (r+Dyt 2 2z n+1
relatively short crack) + o7 f(N) N—_H—-} ! (4) (8)
¢c=B g7 (9)
My=M*/Q (s) | %
= (boundary correction factor) / (flaw shape 0=0max(t/te) # : stress waveform (0
correction factor for Ki) ACJ=21;MJ{MM5
dep/2=A(da/2)N (6) do 2
f(N)=3.85/F (1-1/N) +x/N (7) +11+2 n+1f(n) Fmaxdec I
n+3 2n n+1
for m,=1 an
J*transient : creep J-integral in the stress redistri-
bution period in the vicinity of crack tip (J-
integral for small scale creep)
8. Creep-fatigue The values of 4 and N of Eq.(6) change with | The values of B and 2 in Eq.(9) change with 1,7 16),
interaction : creep. —— Interaction with creep deformation changing stress. —— Interaction with plastic 26),27),
The interaction causes the increase in AJpigstic deformation 51),32),
and so di/dN in (D region of Fig. 1. The interaction causes the increase in J* or 4],
Little or no interaction between creep fracture %?d scl’ di/dt or dl/dN in @ and © regions of
and fatigue fracture L
9'®'I;ra’8[i°n from AJ:/AJ_{< (AJc/AJf)hunsilion (12) AJ:/AJf> (AJc/AJf)transilion (]3) 7 lg)—B)’
o .
(4Jc/8T7) transition : 4Jo/4]; when(dl/dN) @ The value of (4/./4]7)transition is large (about )
=(dl/dN)p | 0.1) in high crack propagation rate region, and
is small (about or less than 0.01) in low c.p.r.
region.
10. Limit of crack Uncertain (not yet ascertained, but supposed to 3~5 grain boundary length (100~200 gm in 304 33) -35)
length in which be similar to ) time-dependent fatigue) stainless steel of the mean grain diameter of 40
J-integral is #m)
applicable Similar to creep
11. Range of fatigue | Not yet ascertained, but supposed to be Number of cycles from 0.3 Ny to Ny (about 70 8 [34),35)
life in which Egs. similar to © % of fatigue life)
(1) and @) or (3) Number of cycl k initiation, N, is less
are applicable umber of cycles to crack initiation, N,
than 0.1 Ny.
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12. Fatigue lif SN miN AW ) meN =D, t,*=
Gt e *‘Eqs. ({w,) Af;\;,e_prH tode (19 | @ f‘o ; ; A I¢%)) 9 323:37)
(1) and (2) or (3) AWf=)2——e+—27—f(N) NH” (15) U: [WT + 5 fn)
In(ls/l,) . aéc]m‘ dt }l/mc
(mg=1) X —_
Py C2r My 4 (16) AWC: n+1 Lyt (me1)

lot-my—lt-m,

Cylms—1)2M s
{, : initial crack léngth at N=0
ls : final crack length at N=N;y

(mg=1)

Aﬁ’f : strain energy parameter for ®

Imaz Omasdee  n+2n+1

do 2 +n+3 2 S
Omazde
X —’—:—“fl—” (m;=1, B=0.5) (18)

lol'"‘c—lf"_"‘c
Ce(mc—~1) 2zMj)me
1n(l,/1 (19)
Cc’;M;) (me=1)
t, : see Eq. (10)

AWC : strain energy parameter for ©
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Fig. 1. Frequency dependence of high-tempera-
ture fatigue crack propagation.

® ©

g.,¢
B

- fast-fast
PP (no hold )

.
-

c-c [slow-slow )
ten, & comp. hold

A\
V. (slow-stt )

Fig. 2. Stress or strain waveforms for high-tem-
perature fatigue crack propagation tests.
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Fig. 3. Difference of the crack propagation model
between cycle-dependent fatigue and time-depen-
dent fatigue.
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Fig. 4. Relation between crack propagation rate
and J-integral range in cycle-dependent and time-
dependent fatigue.
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dependent fatigue.
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=const., and transition from cycle-dependent to
time-dependent crack propagation.
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Fig. 9. Relatlon between strain energy parameter
and number of cycles to failure for cycle-depen-
dent and time-dependent fatigue.
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Fig. 10. Schematic illustration of small crack
propagation of time-dependent fatigue under
low stress, low frequency and long term LCF at
elevated temperature.
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Fig. 11. Increase in microcrack propagation rate
of cycle-dependent fatigue due to the interaction
of environment and/or creep subjected to low st-
ress range for a long term.
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Fig. 12. Propagation curves of distributed mi-
crocracks and the distributions of crack initiation
time and crack length.
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