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Fatigue Life Prediction Model According to Crack Growth Concept

(Fatigue Life Corrections for Loading History and Mean Stress Effects of S45C Carbon
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Abstract It has been shown that fatigue damage is brought about by crack initiation and growth and fatigue
life can be predicted by crack growth analysis. This study approximated the fatigue life of S45C carbon steel
and its change due to the mean stress and loading history effects according to the proposed LDC model
(fatigue Life Determined by Cracking model). The equation for the fatigue life approximation was derived
assuming the fatigue life was equivalent to the number of cycles for a small crack to grow to a critical size
for specimen failure. According to the LDC model, it was shown that the fatigue life and fatigue limit for
various mean stresses could be predicted using the effective strain range, which accounted for the crack mouth
closure. To confirm the applicability of the LDC model to the loading history effect of carbon steel, the
overload fatigue tests were conducted, in which cyclic compressive over strains were applied. Also, non-
propagating cracks were observed to investigate the correlation between the fatigue limit and crack arrest
phenomenon. It was shown that the fatigue life was reduced by applying the cyclic overloads and the
magnitude of the reduction could be predicted using the effective strain range. A procedure was shown to
predict reduction of the fatigue life due to mean stress and loading history conservatively. Finally, it was
shown that the LDC model was useful to deal with effects of various factors such as mean stress, loading
history, specimen size, surface finish and environment in a unified way.
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Fig. 1 Fatigue life obtained by strain-controlled fatigue tests
using S45C carbon steel 7. The fatigue life
correlated well with the strain range and could be
approximated by Eq. (5).
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Fig. 2 Test conditions for stress-controlled fatigue tests using
S45C carbon steel conducted in previous study @7
Changes in fatigue life and fatigue limit due to
applying mean stress were investigated.
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Fig. 3 Fatigue life obtained by stress-controlled fatigue tests
with or without applying mean stress @7, The fatigue
life and fatigue limit correlated better with strain
range than with stress amplitude.
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Fig. 4 Definition of nominal effective strain range Aecfinom).
The crack mouth is assumed to open when stress
changes from negative to positive.
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Fig. 5 Relationship between nominal effective strain range
Aeemnomy and fatigue life obtained by stress-
controlled fatigue tests with and without applying
mean stress @7, The fatigue life and fatigue limit
showed excellent correlation with the nominal
effective strain range.
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Table 1 Chemical element content (mass %) of test material (S45C carbon steel).

Fe C Si Mn P S Ni Cr Cu
Bal. 0.44 0.17 0.74 0.014 0.026 0.05 0.14 0.11
Table 2 Mechanical properties of test material (at R.T.).
Yield strength Tensile strength Young’s modulus Elongation Reduction of area
412 MPa 701 MPa 227 GPa 0.218 0.476

Axial Observed area Observed area
direction /
/

Fig. 6 Microstructure of test material S45C carbon steel obtained by EBSD measurement.
The mean grain sizes were 9.17 um and 8.40 pm for N-plane and C-plane observations, respectively.
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Fig. 8 Geometry of compact tension specimens used for crack growth tests (unit: mm).

33 BRERKER

FBEIERO TR & 72 2 OF BJERAREE T (05 /145
KEREP) 2 5B FET 5 7= DSk R % 52
M L7z, FEMOAENSM 8 (RTHEE B (CT
ARERFT) %, WhiEA S EICRRSERT S XS L
7. P55 CTl, CT2, CT3 @3 HORERA % HV, e
e 0.2 O ERGEER & i L 72, WO iR
PIZZNE 10, 128 L 25MPam®® & L7z, #Z5ER
BEEAVINE < 72D FCRlBR % S50 L, FA&AOCIUR L7k
FTHERFREHINT 7.1, 7.0 BXZ O 128 MPam®™ Th 7=,
Bt > TR T 2 AR S a = 9 mm DR A
BlfA L, BZLE XM 11~18 mm RO RIEE 4 R
BL L THW-

4. HERER
41 #A—/—0O— FiEER

A EEE TIE R O T A8 deca &AM L7245
UK Nieay Cne \ICHY) 2RI 9ITRT. A 2 —7 Lk
WU nea BWNEL 72513 EFEMBMKT T DM ERL
To. A= =1 — RAGHE T F I I E T A A
L7, WAOHERREEZET 5.

’]Vf(CA) ’]Vf(OL) -1 (8)
N{(Age,) Ni(Agy)

Z 2T, NKOL)H:Z‘—‘_‘/*\‘— H— ]\f@ﬁﬁ: Lf:@;&, Nf’(Ac‘fi)fj:
O P Ae; 2780 R LAGRT L72 & &2 (5) 26Tl



INSS JOURNAL Vol. 31 2024 NT-1

80,000
@
60,000 x ° ®
n )
S ®
~ 40,000 A
3 A A © Agc,=1.0%, €, =-1.0%
= A B Ae,=0.7%, €o =-1.0%
A AECA=O.5%, EoL=-1.0%
20,000 - = ® Agc\=0.4%, Eo =-1.0%
< AECA=0.35%, Eo =-1.0%
© o | X Ag,=0.33%, €0, =-1.0%
o ® Ae,=0.5%, £o.=-0.5%
10 100 1000 10000

nea , cycles

Fig. 9 Sum of number of cycles for constant strain range of
Aeca, denoted as Nyca), applied until specimen
failure. Nyca) increased as the interval cycles 7,

increased.
1.4
¢ Nc=25
12 O Nc=50
A Nc=100
10 O Nc=1,000
X < Nc=4,000
3 % Strain cont.
W 0.8 )
< —— Best-fit for As cont. (LDC)
£ . . .
8 o6 | x N Lo Fatigue limit
<
0.4
XX L,
0.2
0.0
1E+03 1E+04 1E+05 1E+06 1E+07

N; or Nycp)eq» CYcles

Fig. 10 Relationship between the equivalent fatigue life
Nicayq calculated by Eq. (9) and constant strain
range Aeca. The application of cyclic overload
reduced the faticue life.

SNAREHFmE D, F—"—a— RO O LRI

Aeor=0.54eca+eoL £725. T2 T, A (8) BT 58
AT Nicaed NE(deca) =1 £ 722 & 9 72 B LEK Nicayg
ZRAUT LV ER LT,

f(CA)eq - Nf(OL) )
N{(Agy)

10 1T Nicaxq & deca DEURZRT . BN 225
B, A= N—m— FERBROE T 73 5) 13 78 5.

HRTIE, doca=1.0%DEE7RE, —HOEREERE, &
——m— FARHIC Lo THEMITHA LR T LTV A.

9
1.2
£5.=-1.0% © Agcp=1.0%(Ry, =2)
1.0 o™ Aec,=0.7% (R, =3)
A Agc,=0.5%(R,, =4)
@ Agc,=0.4%(Rg, =5)
0.8 o A€c,=0.35%(R,, =6)
5] B | X A&c,=0.33%(R,=6)
& o6 “
A A A AN
0.4 ; ® ®
0.2
0.0
1E+01 1E+02 1E+03
ne, , cycles
(a) Foreo. = —1.0%
1.2
A, =0.5%
1.0
]
0.8 ® °
w
g 06
A A A A
0.4
02 A g, =-1.0%(Ry=4)
® £, =-0.5%(Rp =2)
0.0 .
1E+01 1E+02 1E+03 1E+04

Ney, cycles
(b) For eor = —0.5%
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Fig. 12 Crack growth rate observed by crack growth tests
using the CT specimens. The results obtained using
plate specimens ¥ were also shown. The growth
rate correlated well with effective strain intensity
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Fig. 13 Change in normalized effective strain range after
compressive overstrain obtained for SUS316 plate
specimens @7, Single compressive overload was
applied when 4a = 0. The application of overload
enhanced crack mouth opening.
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Fig. 14 Non-propagating cracks observed on the unfailed specimen subjected to stress amplitude of 230 MPa, mean

stress of 70 MPa.
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Fig. 15 Comparison of fatigue life observed by overload and
mean stress tests. Reduction in the fatigue life due to
compressive overload was similar to that caused by
applying mean stress.
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Fig. 17 Cyclic stress-strain relation obtained by stress and
strain controlled fatigue tests. The curve was
approximated well by Eq. (14).
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Fig. 19 Schematic drawing representing the change in
fatigue life due to various factors according to LDC
model.
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