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Study of Threshold Stress Intensity Factor and Fatigue
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Abstract: Using the Ando equation derived by treating as a nonlinear problem for the plastic behavior

of fatigue fracture and the Tange equation derived from the El Haddad equation, the fatigue limit and

threshold stress intensity factor were determined and the crack length dependence was evaluated. The

threshold stress intensity factors were almost identical for the two equations although the basic idea and

form of the equations are quite different. The ratio of stress intensity factor/threshold stress intensity

factor using the modified Goodman fatigue limit is same for each crack length regardless of the stress

ratio. The Tange equation (using o =

1) and the Ando equation were conservatively evaluated due to

the decrease in the ratio of stress intensity factor/threshold stress intensity factor as the stress ratio

increased at fatigue limit maximum value.
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Table 1 Material‘s conditions assumed for calculation

i imi Fatigue limit of smooth Threshold stress
. Stress ratio Fang],'le limit of smgoth 8 ) 0 intensity factor range
Materials ®) spgcm:ien from 1r\n/[(l))dlfy specimen from Ao, of long crack
oodman eq.(MPa) constant (MPa) A ](fﬁ(l) - MPar/m)
0 560 560 6.0
0.2 513 448 5.37
HV470
4 451 4.
(UHS steel) 0 > 336 65
0.6 362 224 3.80
0.8 P28 112 2.68
2 700 F T T T =
L AKiy HV470
= i (UHS steel)
A7 ¢, 77[ AR A= so0 L ]

(AK e 2 (D2 Folth

Afc;f:[

1 \2 N 1
A[(fo) aAO'f \/E

71 AKY e AANTDe] &aA-eE 3
Aol ot

Acfle $EMR)Y 2 H23IE o 4
AgzEA, 4 ()] YEF+= Newman-Raju®] 2|
(1710014 &t

a 1.65
a=1 +1.464(Z) (8

A71M av #E Zol, o= 78 ZolE YEH
o B AFoA a=13} 24645 AR

3. 80 & IF

Fig. 1& A4ko] AL&¥ HV470732] 3]
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= 400 R
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100 - ]
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Stress ratio (R)
Fig. 1 Smooth specimen fatigue limit and stress ratio
obtained from the modified Goodman and the
02, constant
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Ao, =560 MPa
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Crack depth (mm)
(b)

Fig. 2 Relationship of fatigue limit and crack depth
calculated for each stress ratio at HV470 steel.

(a) Modified Goodman, (b) Aaﬁ. constant
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Table 2 Fatigue limit ratio(Ac

- g"r1e
1.0 . i ' ' '
0.9 Solidline : Modified Goodman H\:470 (UHS steel) 1
Dot line : Acow constant Ao, =560 MPa
0.8 ]
“‘,) =6 MPa-m"*
0.7 " ]
S
B
* -
- B
g " ‘
2 04f ]
g0
% o3l A
B
02ba=1.0mm o ]
0.1 2=10 mm ]
0.0 [a=S0mm ; ‘

0.6 0.8

Stress ratio (R)
Fig. 3 Fatigue limit ratio and stress ratio obtained
from each crack depth.
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Fig. 4, 55 Ando 2 3)% a=1,2464% A&
g Tange 4] ()ollA LA &}3ASH S hA =

/ AJ ,) according to the stress ratio at HV470 steel

HV470 (UHS steel) Modified Goodman AO’,?U constant
Stress ratio(R) 00 | 02 0.4 06 | 0.8 | 00 | 02 0.4 0.6 0.8
R _
Ady/ Aoy at a=0.1 0.514 | 0.506 | 0.501 | 0.505 | 0.548| 0.514 | 0.558 | 0.613 |0.6875 | 0.801
mm(%)
R R _
Ao,/ Aoy, at a=1.0 0.188 | 0.183 | 0.181 | 0.184 [ 0.205| 0.188 | 0.209 | 0.239 |0.2888 | 0.3922
mm(%)
Aol J Ao at a=10 mm(%) 0.06 [0.0589| 0.058 | 0.059 | 0.066| 0.06 |0.0674 [0.07779| 0.095 |0.1339
Ac? /Ao at a=50 mm(%) 0.027 |0.0263 |0.02599 [0.0264(0.0296 0.027 | 0.0302 |0.03482| 0.0427 | 0.0603
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] Ul w
E . KTG,AKM“—&SO MPam™, Ac_"*=362 MPa ]
o
%f ) KTO.S, AK, "*~2.68 MPam", A "*~228 MPa |

1f A
. Ando eq. (3) -~
0 HV470, Modified Goodman, a=1 Tange eq. (7) 4
0.0 0.5 1.0 15 2.0 2.5
Crack depth a (mm)
(2)
6 4
R=0, AK  ,'=6.0 MPa-m", Ac, "=560 MPa
-« 3 R=0.2, AK **=5.37 MPa-m"", Ac,"’=448 MPa |

E 4 R=0.4, AK,  "'=4.65 MPa-m"’, Ac, =336 MPa |
B
= 3 R=0.6, AK,,  "*=3.80 MPam"’, Ac ‘=224 MPa
- A
¥ 2 R=0.8, AK,, ,"*=2.68 MPa-m"’, Ac =112 MPa |

1 -

) Ando eq. (3) -~

0+ HV470, Ac ~ constant, a=1 Tange eq. (7)
. . . . .
0.0 0.5 1.0 1.5 2.0 25
Crack depth a (mm)
(b)

Fig. 4 Relationship of threshold stress intensity

factor and crack depth obtained from Ando
eq.(3) and Tange eq.(7) in case of a=1. (a)

Modified Goodman, (b) Ac® constant
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g 04 0.5 04
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&
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3 4
= ; SR 08 0. 038,
%- e R=0.8, AK,,  "*=2.68 MPa-m"’, Ac '*=228 MPa
1f 1
Ando eq. (3) -
0 HV470, Modlﬁed Goodman, a=2. 464 Tange eq. (7)
) .
0.0 0 5 1 0 1 5 2.0 2.5
Crack depth a (mm)
@
=6.0 MPa-m"*, Ac, =560 MPa
25,37 MPa-m', Ac_"’=448 MPa |

QE R=0.4,AK (”"'*:4.65 MPa-m', Ac, =336 MPa |
= R=0.6, AK_ "°=3.80 MPa-m"’, Ac_"°=224 MPa
E th(l) W i
=
- T e 0.5 0.8__
Y2 R=0.8, AK, ""<2.68 MPa-m"", Ac "*=112 MPa |
1k 1
Ando eq. (3) -
0| HV470,Ac,’ constant, a=2.464 Tange eq. (7)—— 1
0.0 0.5 1.0 15 2.0 2.5
Crack depth a (mm)
(b)

Fig. 5 Relationship of threshold stress intensity factor
and crack depth obtained from Ando eq.(3)
and Tange eq.(7) in case of a=2.464. (a)
Modified Goodman, (b) Ac° constant
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Table 3 Threshold stress intensity factor ratio( AKj,/ AK,, ) according to stress ratio at each crack depth of

HV470 steel using fatigue limit of modified Goodman and AJ?U constant

Modified Goodman Ao’ constant
Ando eq.(3) Tange eq.(7) Ando eq.(3) Tange eq.(7)
o« | Stress ratio R)| 0]0.2{04[06|08| 0 [{02]04/06]|08|01]02[04[06/08| 0 [0.2[04/|0.6]0.8
Af;(g%/ ﬁnﬁ%) Al 96| 96 | 96 | 96 | 96 | 96 | 96 96| 96 [97[ 96 |94 |92 | 85|97 [ 96 | 94 | 92 | 86
=VU. 0.
1
A?%/S?nfn{?‘l’/(l)) at 991991999999 |99 |99 99199199199 |98 98|96 |99 (99|98 |98 |96
. 0.
Af;(gé/ anﬁg/(z)) Al 96| 96 | 96 | 96 | 96 | 99 | 99 99| 99 (97| 96 | 94 | 92 | 85 |99.4(99.2(99.0/98.4]97.2
=VU. 0.
2.464
)
A?%/SAmﬁ}‘l’/(l)) at 99199 199199 | 99 [99.8/99.8] 9.8 [99.8/99.8/ 99| 99 [98.5]| 98 | 96 [99.8]99.7/99.7(99.5|99.4
. 0.
]00 T T T T T 100 I ............ LA T ............I ............ T
99 S S A A i S A i A 99 =gty iyl il g iy g b S |
z; 98 HV470 (UHS steel) I = 98 HV470 (UHS stec) 1
1 Ac’ =560 MPa — — -2.5 mm ' Ando eq. (3) = Ac}, =560 MPa ——0.5mm
é 971 AK,,~6 MPam'* o g: ™ Tange eq. (7) | ié 97} AK; =6 MPam" - --25mm'Andoeq.(3) |
zﬁ ’ zﬁ __ g: $$ b Tange eq. (7)
96| mimemmimimemimimimim i % 96| .
95 Modified Goodman, =1 05| Modified Goodman, 0=2.464 |
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Stress ratio (R) Stress ratio (R)
(@) (@)
100 T T T T 100 —rrr S EEET e LEECR s s seves suous o T
98 - e “""'""'*-A\,k_*\ 98 | ___~_-_--~§_~§::.:.:'-TI':':-\ \\\\\\\\ i
g 96 - B § 9| S~ ]
= 9| i oal ]
£ gz HV470(UHS stech Z gy HV470 (UHS stee) ]
ke 40, =560 MPa % Ao’ =560 MPa
s ML Ak, =6 MPam' 2L 0 AR =6 MPam' 1
% 88 - —— 0.5 mm } Ando eq. G) %_. sl th() — 05mm ]
s o s st
", constant, a=1 e 2.5 mm ! Tangeeq.(7) 861 o constant,a=2464 g: :2 t Tange eq. (7) 1
"0 02 04 08 03 Ay 02 0:4' 0.6 038
Stress ratio (R) Stress ratio (R)
(b) (b)
Fig. 6 Stress intensity ratio and stress ratio obtained Fig. 7 Relationship of threshold stress intensity factor
from each crack depth. (a) Modified ratio and stress ratio obtained from crack

Goodman, (b) Ao’ constant

10 2SAHI|AZEYX| H233 5%, 20194 102
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