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The Mixed Mode Fatigue Crack Propagation Behavior
with the Variation of Stress Ratio
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Abstract

Most cracks in the structure occur under mixed mode loading and those fatigue crack propagation
behavior heavily depends on the stress ratio. So, it is necessary to study the fatigue behavior under
mixed mode loading as the stress ratio changes. In this paper, the fatigue crack propagation behavior
was respectively investigated at stress ratio 0.1, 0.3, 0.5, 0.7 and we changed the loading application
angle into 0°, 30°, 60° to apply various loading mode. The mode I and II stress intensity factor of
CTS specimen used in this study was calculated by the displacement extrapolation method using FEM
(ABAQUS). Using both the experiment and FEM analysis, we have concluded the relationship between
crack propagation rate and stress intensity factor range at each loading mode due to the variation of
stress ratio. Also, when the crack propagated under given stress ratio and loading mode condition, we
have concluded the dominant factors of the crack propagation rate at each case.
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Table 1 Chemical composition of STS304

Composition (Wt.%)

C Cr Ni Mn Si

0.08 18.10 7.98 1.42 0.23

Table 2 Mechanical properties of STS304

Yield Stress Ultimate Stress Hardness
(MPa) (MPa) (Hv)
286 618 198
50
10,15 JLA
“ T
o~ -
OO

oo &

Fig. 1 Configuration of specimen (unit: mm)
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thickness: 8mm

Fig. 2 Configuration of loading device

Table 3 The stress ratio

R=0.1 + R=0.3 | R=0.5 | R=0.7

Pmax (N) 14,700 | 14,700 | 14,700 | 14,700

Pmin (N) 1,470 | 4,410 | 7,350 | 10,290
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Fig. 4 FEM modeling of crack propagation path
= 78 28 88" (Seven Point Incremental
Polynomial Method)& AM&331Th

24 R 24 ZWE

g AG4AEE 1A A SHSUA
FE FPa43A 29 ABAQUSE
sta] 2219l B fas AN Yoz AA
ok, Ao AMEt AFHEY FEAY &
gaHs JUESEHAAHRE A eH, 234 8
Ad Huilesd cpss’LAdE ABAQUS
Library)®] A}£-5 %1t}

FHa i doa gEATY SHEHL v}

N



2290 $4% - 47

1 - — ~ 12 12 12
6—=60" ¢ > 30" 6=0
wh a . " 0 0} L) 2
A - § K
8t = 8 I 8 - AA
H S A
= 6fF 6F 6 oo
£ nS A
£ f &
= ar 4 Fys f
2k s 2k 2|
= -~
ant® = R=035 & IR=07
of o of [ | [0
A1 1 i 1 AL 1 1 1 1 1 1
0 10000 20000 30000 0 10000 20000 30000 40000 0 25000 50000 75000 100000 0 100000 200000 300000
N (cycles) N (cycles) N (cycles) N (cycles)

(a) a-N curves at R=0.1  (b) a-N curves at R=0.3

(¢) a-N curves at R=0.5 (d) a-N curves at R=0.7

“Ro1 Ro: Ros RO7 ) - —
ANV ; 7 . om0
i g A Y e =30
= of f 7 S A o=
£ i if‘f’" g v'v
= 3 y'" o R-0.1
2%:‘;\ i ad — C A oo -0 R=03
o[EHY SR ] S~ A R-0S
o E)Loo 00000 15(;000 0 100000 200000 0 100000 200000 300000 v R=07
N (cycles) N (cycles) N (cycles) e —
(e) a-N curves at ¢=0" (f) a-N curves at ¢=30" (g) a-N curves at ¢=60° (h) Symbol
Fig. 5 Relationship between a and N at various condition
thllv] Qe HEHY @4 FAAY £ o gt "éﬁ—}i“é dRZAF °ﬂ*1 Atget HogtE e
Ao FHARES #AMBoRyE Wdolel % mC | SAStASE P@ B 93w
1/4 YHE oA A FHAHTAA ¥ Ho] ‘Zl%“\lfé—?iﬂ ol s} wwgo N AEHSA
ol LIRS Bz Holaas ARSI oul, 1 ATh: £ 18% Wel B LU
FearsfA S A APHE B AR Bl
A4 AFE Apgstgled, shedA e AT
Ae% 5T 249 BuE Wyol Aol o 3. 48 Zn
= Ao spAste] Al WX T )

Asteick salel AgE Bde ARHFE
Modehi FABHACm, el SR 35
o ARl Zuwe Fg 3ol A @
AgelA F& HEAETEY Wl BE 7
o WagEHE FResdyel N mAPe
Fig. 4 vhehigich 283 sHFA§750)

543 A ARz o) Fudk A
& & F o 74 &HMR=0.1, 0.3, 0.5, 0.7)°]
34 = Fig. 49] Edgo} o] ALEE L)

2 Mol N Ae e AgaT ok
gol g A L SAGYALY AE Aol

2};(] ] m:jl

3.1 Sl Hislo wWE I AY MIAHS
M EAYLE Zhzhel ¥ U|(R=0.1, 0.3, 0.5, 0.7)
& dgetA fAA7 & 7 g8 oA dF

FEAEE 09 30° 60°2 WEAIWEA RE I
=097} EFET UI$=30°, 60°) dFE/FElol ot
of Fgsteltr. 2t $¢ul R=0.1, 0.3, 0.59} 0.7l
&t Addat= Fig. 59 YERAAG B AT
Aol FlEsye gde #Egoly R AY
Hel BygATE ydsle A AR dol7F 10mm
A AHEHAE o] sFnse 14916}0%}

Fig. 5(a)i= R=0.1°] th§ FEZol-at5dtE 4



&oul Wae] wi FYRE M WA 2291

250000 |-|—0i— R~ 0.1 N | N :Initiation Life P
—E—R-01 N, Np : Propagation Life
L —0—R-03 N,
= 200000 & R-03 N
4] —A , ' -
2 — R=05 N /
2 150000 |-|—A—R=05 N pe
Zz —@—R-07 N
& ~#— R-07 N
ha] 100000 |- 2 A
—A—A
@
B
£ 50000 -
w 'Y /0
I~ —e—e 0
| . A-—-A’A
ok 3—0=f§ o—o0—9
T S S R S S S T
0° 30" 60°[ |0" 30" 60" 0 30 60" |07 30" 60"
R 0.1 R-03 R- 05 R--0.7

(a) Relationship between ¢ and N at each R

—m—¢- 0N
a0

aso000 | ¢ ; A
| —0— ¢ =30

N
N
—— ¢ 30" Nr
200000 |- -
Z —A— ¢ 60" N,
< —A— 060 N, d
& 150000 | -
z
& |
= 100000
3 w
2 '
=
2 50000 / / /
2 L
= n—n a ¥ o /A/A
ol m—O—® o—o—® , N
.

(b) Relationship between R and N at each ¢
Fig. 6 Relationship between R, ¢ and N
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Fig. 7 Relationship between R, ¢ and A K
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