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An Experimental Equation on the
Fatigue Crack Growth Rate Behavior

Sang Chul Kim*, Dong Myeong Kang**, Chang Gi Woo***

Abstract

We propose the crack growth rate equation which applied over three regions (threshold
region, stable region, unstable region) of fatigue crack propagation. Constant stress ampli-
tude fatigue tests are conducted for four materials under three stress ratios of R=20. 05,
R=0.2 and R==0. 4. '

Materials which have different mechanical properties i. e. stainless steel, low carbon
steel, medium carbon steel and aluminum alloy are used.

The fatigue crack growth rate equation is given by

da/dN=g8(1-R)? (AK-A4K,)®/ Ker—Knar)

where a, £ and & are constants, and AK. is stress intensity factor range at low AK
region. The constants are obtained from nonlinear least square method. K., is critical
fatigue stress intensity factor.

The relation between half crack length and number of cycles obtained by integrating
the crack growth rate equation is in agreement with the experimental data.

It is also experimented with constant maximum stress and decreasing stress ratios, and
the fatigue crack growth rate of each material is in accord with the proposed equation.
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Table A Mechanical properties

Materialt Young's | Yield | Tensile [FORE2H00) poicoon's
Popert | padulus | strength | strength | PS5™ | ratio
—ies age

Materials (MEPE) (M‘;;a) (Mapua) (%) (U)
Stainless steel s

(SUS 304) 2.01X10°1 330 670 62 0.30
Steel (SS 41) |2.10x10°| 315 440 25 0.29
Steel(SM45C) |2.12X10°| 365 640 22 0.31

Aluminum .

(Al 1060) 5.5x10'| 108 118 6.3 0.32

HZAEAUS ASTM E6477 Al w& CCT
(center cracked tension) Al WL =(W)o| 65az
7} 9ASE kX FYRZRE $FO2 2. 87}
Hx& 71Fstgew, Fig. 29 JERAAH

unit : mm

380

Fig.2 Fatigue test specimen

HezAge dALHAZA Y (constant stress
amplitude test) & #3Ha, HPoey 10HzY
AQNE Ysigon, Fddole 1/100m71A 24
7Fs % o]%4] ®v]7 (travelling microsope) & ©|
43t g 4 23319

Table B Load conditions
(constant stress amplitute test)

Meterial (1;;‘) &-&3 Streilsi )ratio
i 40 2 0.05
St?lsriljesssaosf)eel tg lg 8 28
40 2 0.05
<§ste4e]1) . 2 0.20
(siategc) % éz §%§
i 16 0.8 0.05
o
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£ H2ZAYPL HYu(R)E R=0.05 R=0.2
R BR=0.42 TE3}d Y3lQen], ¥ Bole 2 A
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EZ, HUEF (Pue) & QASA SA8IT 9
HlE Ao 2 ZaAE HaEAgYEe 27
HH|E 0.602 MAsL H2Fdo] =)o g}
0.054 Z& AI71AA HF-¢Hv|71 0.057) Hx8
gtk weld HEEE (Bew) € ARH 02 FAE
© ¥ SHIZL YHFHo g FhstA g o
o slFEzPL E Co Yedh

Table C Load conditions (Pe: &R decreasing test)

Meterial (P}:.I:Iz) r:g:(s;) AP
Stainless steel 40 0.6—0.05
(SUS 304)
Steel (SS 41) 40 | 0.6—0.05 {=PuX(I-R}
Steel (SM45C) 32 0.6—0.05
Aluminum (A11060) | 16 0.6—0.05
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A7 (SM45C) & Fig. 5 @FrlH (Al 1060) &
Fig. 6l Ztz} Jehisict.
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E Delle vIME A2 osto] TogE
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Table D Results of nonlinear least square method

A Ko Kto

Materials | R po e nPa] © g irle (P
Stainless | 0.05 | 13.00 45E-
steel [0.20 | 11.25 53 10.75 '0 s 0.84 |1.56| 13.6

(SUS304){0.40 | 8.84
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Fig.11 Fatigue crack growth rate vs. stress intensity
factor range for SUS 304
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Fig.14 Fatigue crack growth rate vs. stress intensity
factor range for Al 1060
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Table E Empirical constants of Priddle’s

& Chu's equations for stainless steel
Contants Priddle’s eq. Chu's eq.
Stress
ratio G m, C. m | D,
R=0.05 {0.00016 |[0.75(0.0004 |(0.75 1
R=0.20 [0.00014 }0.75|0.00026|0.75 1
R=0.40 |0.000095 [0.75|0.00012|0.75 1
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