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Fatigue Crack Propagation Behaviors under the Controlled Stress Amplitude

Sang-Chul Kim*, Kyoung-Chun Ham**, Dong-Myeong Kang***

ABSTRACT

The effect of mechanical, properties in the plastic zone near the crack-tip was investigated, under
various controlled loading conditions, i.e., AK increasing, AK decreasing, and single overload test.
For both AK decreasing test and AK increasing test with constant stress ratio, it is found that
the ratio of material constant m'(AK decreasing test) to material constant m(AK increasing test)
is larger than 1 for n{0.1, and it is equal to 1 for 0.1¢n<0.2. But it is smaller than | for n>0.2.

A modified crack growth rate equation based on Forman's equation which applied stable region
of fatigue crack propagation in AK decreasing test is proposed.

Within the Limit of this single overload test, an empirical relation between among the retardation
ratio (Nd/N*), the strain hardening exponent (n) and the percent peak load (%PL) has been
established.
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o qRFogE FEMEY AAde A8 AT 1060), 37+ YARA(SS 34), 3F(BsSIB) E ~H
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2 APeME FIMTBY ALY A%y zH 2 9ok ©4a1ZAIE (monotonic tension test)
H3lA7]7) 9% APoZ &FAERANNYE(AK F7} HHE Q1BAE (cyclic tension test) oAl T 71AHA
HNEZAY, AK Z4AWEAYE ¥ GAQRFAY) 5& DL Table 13 o
sl HEY 7IAHAR AeH £499 S4E 2 0z Algude g4e E((W)el 70med CCT
UeElE 2R84 dEFEdaAEAY] #BAE (center cracked tension)olml ASTM E 647730l
dla AESHH dslel AgWE AT HEANEIE FEAHR
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Table 1 Mechanical properties (monotonic & cyclic stress-strain tests)

\\‘\;\: Meterial | 7Young's Yield strength ~ Tensile strength Strain hardening exponent
\\qoperties . mgudulus mono. /cyclic ~_mono, /f:yclic mono. /cyclic

_ Materials E (Mpa) 0. /0. '(MPa) 0./ (MPa) n/n’

Aluminum (A 1060) ~ 5.58x10° ~112/98 125/108 ~_0.06/0.05
Steel (SS 34) 2.03x10° _ 284/314 363/397 0.10/0. 14

~ Brass (BsSIB) 1.09%10° ~320/315 390/400 0.15/0. 16 ‘
Stainless steel 2.05X%10° 300/365 720/780 0.49/0. 38 |
] (SUS 304)

Table 2 Load condition

(AK increasing test & AK decreasing tests)

\\\‘\\\I_‘oa;drconditic;ns I K increasing testw L ) K degrggsmg test o
T ‘ inital load Final load  Stress ratio |
~ Materials \\\\ P (KN) P (KN) | P (KNI P KNI P O(KN) P (KN) (R)
Aluminum(A1060) | 7.4 | L5 110 2.2 . 54 11 0.2
Steel (SS 34) 196 39 212 54 97 Ly 0.2
Brass (BsSIB) | 19.6 39 o8 56 . 69 L4 Y
B T L B S S R R
Alg7](Saginomiya Co. : 50ton) & Abgslgon #= 2 dFgMY AK 74 HEAEL AK 371 d8
Age mEo g 10Hz ¥} (sine waves) & @3} Ao 23E EXE 10'mm/cycle HE P2 FERA
Aot CCT Alg#o] g $HEYWAFK) Y 42 o 0o ARG TY HEERE SEBUAS: 2L B
o Al A2 #AAA A YElged o P9 74
%, SHENAFTIE FANZ HBF 5% 2 0.05mm &
K =0+ aF(arW) SHAT,
stEel 43 7+ Agd didd LHEB (R & 72
oq71AM, Fla/W)=1.77(1-0. 1(2a/W) + (2a/W)‘Je|n, HEAIgme} gol 0,22 stgoen 279 7‘4%5} &
We Algse Zorh Mge] FEL dx g=E 4Asigrt. 2 HEo o
Age AFANEE HgoE 7+ Y59 HusF 438 275538 FF63 L Table 20) 7| RgE
P )3 AisE(P ) 2 ¥yl (R=0.2)+ Table NE3 A Jehidoh
29} Zo] MAstn, zZt AEY 72 HEFISAIAF
o Toksly) Ysle 7R EAE (YA SHAENE w 2.2 CHUNCHEIE A (single overload test)
= AK ENNE & gslgd WG 1AE Hhel ME & A7 6mme
AK ZA9ZANE e gddoe] F7ld ol 48 BA7 (SM45C), 87444 7H(SS41) 3 577} Smm9l
As E& gaAzied, ggZol 7o we w3 } GFulE(A 3203), 2E1Q#A7HSUS36) & @atdch
9 e FAHoRE g4 dwEoez AK # Table 3 AMEY 71AH ¥AL zZzb Jdepych
£ 92N I ZFAYELE} 10 mm/cycle ©o)3} HE NEHE 792Y 3H L As wiEAor ¥
Ql sleAIEHe ZHo] olg&Hm ASTM E 647¢] Zo] goldt Z(W)o] 72mmel CT(compact tension)
g A@LHe gaggA<T (ICl=1/K - dK/ Alg#oln, CT AlEHY FHLxe LHBAST(K) Y
dal) & |CI<0.08mm™'2 &}, P .9 Z4AE 10%°] A ogy #gol.
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9714 P, t & WE 85, AEH T4 2 AEH
Folx, (& f=a/Woly FAse odw o

F(£)=(2+£)(0.886+4.64£-13.32£2
+14.72£3-5.6&54)/(1-£)3/2

TEZYZFL HEAEH wHe AEHQ Aol
B3ty 7H4E3) 2 (substract circuit) & 23l 235}
A HENEE EFHAoE S35y s A/D-D/
AREI|E MRS
od FstFAE S Ysiv] H 36| aPEE Y8l
SERANES YAsA Ve HRAPEL Yeged
olgf §EHl= 0.2, Fu ¥ HFL 20Hzo FPd}
E 3. S FusFAIgaAg FAdslEele oS
3 go] BAIEGE,

%PL=((X. ...~-K.)/AK.)X100015, o714 AK.
© Z1&gdggA sy Yot

2 d7AMY AdEEe(%PL) = 50%$  100%
(frequency=0. 05Hz) & sl3ied, ddFgsFEe 7)
EYE AgdA 73 d279 HHAAGGAMY T

_9.

JE N,

- 4EE

EFINALEEE J)F08 2NYA(I1X10°~3X10°
mm/cycle} A 713tk dLFReFAEY &F2A
& Table 48 7t}

3. & &% & 1%

1 K Z2AE (K decreasing test)

Zt gl et dEFIAAELE FANE] Yo
Z1EHZAIEY AK ZA9E AP AWRE da/dN
SAKR AEEged 3% 9gEHoE gRogE(A
1060) & Fig. 1, 2HA& A7 (SUS 304) & Fig. 20 2
7+ Jehdoich

ol 1¥E& Ed 7PMENE b9 AK 72N
mel dYAAE MEOE PHE Holed, gu€nE

YAl FrABA AT EFeln Y AME UoiA
5 #S AKZ disld s27ddassr) g2 O
Ehdoh

AK #4AEY %‘%‘% iy Zrlole &5
PR Qlald 7 7

Table 3 Mechanical properties (monotonic & cyclic stress-strain tests)

Meterial Young's Yield strength vTensiIe strength Strain hardening eprnent
roperties moudulus mono. /cyclic mono. /cyclic mono. /cyclic
Materials E (Mpa) 0./0.'(MPa) o/ (MPa) | o/’

Aluminum (A 1060) 6. 00X 10° 120/110 140/130 ‘ 0075/0.057
Steel (§45C) 2.12x10° 340/360 625/650 - 0.20/0.17
Brass (SS 41) 2. 10X 10° 300/325 130/445 0.25/0.28
Stainless steel 2.05%10° 325/370 625/700 0.42/0.35

(SUS 316) 1
Table 4 Load conditions in single overload test
’\' Load conditions constant load amp. Single overlad % Peak
Materials\ P . P. P P . (‘;{?Igg)
Aluminum (A 3203) 2.45 0.49 3.43 0.49 50
4. 41 0.49 100
Steel (S45C) 6.13 1.23 8.58 1.23 50
11.03 1.23 100
Brass (SS 41) 6.13 1.23 8.58 1.23 50
11.03 1.23 100
| Stainless steel 5.64 1.13 7.89 1.13 50
7.89. 1.13 100
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crack growth

Fig. 1 Fatigue rate vs., stiress
intensity factor range for aluminum (A
1060) in AK increasing & AK decreasing

tests.
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Fig.2 Fatigue crack growth rate vs. stress

intensity factor range for stainless steel
(SUS 304) in AK increasing & AK
decreasing tests.

Z242AE B 718718 molel s, zH Mo ol
A 71€719) H3lg (m'/m) & (A 1060), &4
7(SS 34), 3E(BsSIB) ¥ Az A7 (SUS 304)
of sl 22 2.06, 0.92, 1.04, 0.700) ok

Table 5ol 7t A& disle 7Ry 2AE9 A
oA T3 Paris® AEA4T m, CS Formand AT
AT Biqa ¥ HEANUYA K, & Yy, =3
AKZ7INNER AKZAAE WY HEAS miy CY
HEEE A vt 718719 ¥W8&(m'/m) &
71878 (n) & vlmsld ¥ nd0.19) L¢RulE D

g5

=0.060% UAM+E= m'/mS) gol 12t =A, 0.1<n
0.290 4472 (n=0.10), F=F(n=0.150X%= 19 7}
T HOE AY Z WHEE Holx ggtom, 1), 29

2H A A7 (n=0.49) o] YAME m'/m9) gho] 1¥ch

) Jelgds ¢ F Aok
AK 7&"\*]@4 SRS YW gInEg A
YA AEEE FEAESES) 10°mm/cycle 2320
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Table 5 Material constants (Paris’

A

& Forman's equations)

;KZN\Aéteriai Paris” equation Forman's equation

constants | - i L] B ) K.

. 5 K increasing {est K.decreasmg 'test m/m cie . B ‘ .
Materials m c m | C o |MPaym |
Aluminum (A 1060) 3.95 189010 ‘i 8.13 4. 82><IQ ‘f 206 1 009954 3.03 3_4]){77170’7” 17 0.06

Steel (SS 34) 4.50 16.03X10° Y414 T XI0 "0.92 S 122 | 2.30 |7.06X107 ' 47 0.10

| Brass (BsSIB) @ 2.72 |2.35X10° s 2.87 6. 14><10f 1.04 0.21 1.23 |3.59X10° : 49 lQ' 15

Stainless steel 3.63 [6.77X10 “’V 2.55 |8.37x10°} 0.70 12.36 2.26 | 1.19X10° 60  10.49
(SUS 304) | B ] b 1 1
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PYFIS 3 B A¥AddlE Formansl 4 =, BA7L Aok mEd, 2 ATelME AK A AR

da/dN=B AK,/{(I-R}K. -AKJo} #¢tso} 9}, o] TEMFAAR 7l dste HEse ¥4 (da/dN)’

AFAL 2 Ao A¥Ade $A Jeigled 2% w )& ¥R2E AFZAPAAY Formand A& 443

YEHoE ¢RnEe Fig. 3. ~HQHAZL Fig. 400 o oET gol Attt
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Fig. 3 Fatigue crack growth rate vs. stress Fig. 4 Fatigue crack growth rate vs. stress

intensity factor range for aluminum (A
1060) in AKX increasing & AK decreasing
tests.
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A714, n& 7AFAsA TR, A5 p% Ae B 4
YoM ALgE Wl 7l AEe tiEteq] FLHA p=-
0.25, A=0.550]8 W27d ¢FAFTLANS H¥
Ag 2 AU

of Aol g AR HA YA §HANZAES AR
A Jelligled 1% dEyog ¢FuEe Fig.3,
AHQ8 272 Fig. 401 24 Jehddnh

3.2 SUDICHELEAIH (single overload test)

o] A8y A= WRFEAYZEE (da/dN) & 7
ol (a) 2 Aeldle] ¢Fu|gL Fig.5 AHJHALRZLS
Fig. 60 diEx oz Jehigith 2 AHd it ol&
28 29 st 100% 397 50% B ¥
2o AGas} 29 Hgcit 14 ad7 M2 oE
g gs ¢ F Sich

ddsslFol e Fo HaFdARLEe Ad
e ARY HEASAG7E 2 AEHQE AR (o=
0.42)0] 742 FA Jelg1 s13ASAET} e @F
og (0=0.075)°1 7}% ZAA udehdoh

N2FEAAATE FERYAANY BRNA FHE)
95t Astgd AEGolddAH 02 FEAHE U &
T o] FEEHLS AdSHSeNAS(K ) 4
PAZ BQEd, Fig.7d AHQ#AA%ZY 348 UF
Aoz Jehiglch 7z Age B o|& 1YL EA
FLLYL(U) 2 FuslEn7} 100%Q) 3 $7 50% =t
A etk &, sdsEezt 298 FERUES
o] Atk TEEIBYE AEY 1FAHATS vl
dled 8@ NAFARFI A & 2HAAAF (=
0.42) 9 A$7 A% ZA Jehgon g1ddFn=
0.25), F@47(n=0.20 ¥ LFuF(=0.0759
F£o8 Uehgth

HE F¥E AHEEE (da/dN) & FASHEUAS
(AK.. (=U - AK) )99 BAE Fig. 8o Jepliglth
HN2FYYPLEEE olE PG o] FEFE
A4z FYshd susiEnid gAglel 2 A5 fiot
AP} shiel AR golAl gk oL FEANA
AZol F2 FE2YPol 7|U¥E TG

oj4te] AN HEFERNAATL TELUEA
71981 FREYEAL A8Y 71FASAFY u ¢
PHG A7 USE ) 7 U GAdAREHT
o o8 JPL we FEAHFHCl (a) & TY HAuhs
Fo 3 AAGH BHUAA R, ¥t e =
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Fig.5 Fatigue crack growth rate vs. length for
aluminum (A 3203) in single overload test.
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Fig.7 Crack opening ratio vs. maximum stress
intensity factor for stainless steel (SUS
316) in single overload test.

A ot zbolz iAoy B AFdME A4FY (W)
9 a71g Irwin® Z& olgslqd W,=2r.=1/5z (K.
L/00)RE AT, 7N, HRSEY e 8
=loly HHWYe FHLoe s=30|tf. LFEuF(A
3203), FHAZ(S 45 C), SAYAZ(SS 41)
LHRIBIAZ(SUS 316)9] thale Add AA49de
371(W.) & ddadslsd 9Fe we 999 o
(a.) 949 Hl(a,/W.) & Table 63 2t} DY ets
o s ¥ ¢ FIYFLol(a) S A4E 24
Y99 a7199 (a,/W.)E AdsEe|e) AR mat
o2A vepgedl FosiEnzt 50%8 F$Eo 100%
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Table 6 Results of single overload test
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Fig.8 Fatigue crack growth rate vs. effective
stress intensity factor range for aluminum
(A 3203) & stainless steel (SUS 316).

A B A dehdoh £33, a/W.E HEY AE
oA vz A eWE NHEAER S e g
oE(n=0.075) &0t AR+t 2 AHQA AR
=0.42)9 Z¢7 €4 34 Jehgr

Fig. 9= a/W.& 713738214 (n) 949 BAE %
gdatgdled 3RS udsiEnt 258 a /W,
B Z718e Bl 7)®u]ZAE (constant stress
amplitude test) ¥ o IUdslF: ANFL FEZUo|
(a) o BIEHEET (N)9] BAE Fig. 100 430
Z Yepidth o714, Noe 7840 AQEg &

€ sFugstoln, N*e dydiFe s I

{(n

Factors | %PL K. K . N, N a, War | WOW. | NN n
Materials (MPay/m) | (MPav/m) | (cycle) {cycle) (cycle) ) (mm} (mm) ’ -
' Aluminum 50 | 7.29 | 12.75 | 73900 | 59200 | 1.05 | 4.12 | 0.25 | 125 | 0.075
(A 3203) 100 | 7.30 | 16.42 | 305500 | 161300 | 3.00 | 6.84 | 0.44 | 1.89
Steel 50 | 14.59 | 25.53 | 86700 | 75400 | 0.9t | 1.80 | 0.51 | 1.16 | 0.20
(S45C) 100 | 14.64 | 32.94 | 248500 | 118400 | 1.85 | 2.98 | 0.62 | 2.10
Steel 50 | 14.34 | 2510 | 87200 | 69700 | 1.20 | 2.22 | 0.5 | 1.25 | 0.25
(SS 41) 100 | 14.32 | 32.23 | 418000 | 174300 | 3.29 | 3.68 | 0.89 | 2.40
Stainless 50 | 16.21 | 28.37 | 87500 | 62500 | 1.86 | 2.67 | 0.70 | 1.40 | 042
| steel (SUS316) 100 | 16.09 | 36.22 | 525000 | 159000 | 6.10 | 4.35 | 1.40 | 3.30
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Foltt. z+ AgY uiFg FIENEH (Nd/
ZA8l Table 6ol Uehllon, #@z|%n|
(N/N*)& A g9 74373824 (n) & HuistF8] (%PL)
o wel gack GG (N/N* & A& F
H7} 50%%] AR 100%9) A$7 a0, 73R
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100e] ¥ @?oﬂ AH8E ul7ka] A g diEle 35
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Fig.9 Ratio of total retarded crack distance to
plastic zone size vs. strain hardening
exponents in single overload test.
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Fig. 10 Schematic illustration of crack retardation
after single overload test.
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Fig. 11 Retardation ratio (Nd/N¥*)
hardening exponents in single overload
test.

vs. strain
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Ag4((da/dN) .. )& e go] AgAH. 5,
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AN, n& 713FEAFolL, AT p% e & ATA
AHES vl kAl A E(SF0E(A1060), A7F(SS34),
35 (BsSIB) and AH|Q#A7HSUS304) o disid %
UskA p=-0.25 A=0.550|8 H2FF ARZTL
Mo d¥zde F AU

3. Aagd AEe|dadd g FUREE 4
PolA HEFE ANQEHE FEEd 7S &
1 HEAR TS AuslFesl §48 TEBYE
Aol A Jehgth ©dddiEFel o P& e
ALY (a,) 3 A4E 2499 (W.=2r) & v zsio
id Y279 QASZTYY 27199 € Y99
a/W.e V333847 248 24 Jelgd. 793
o 2@l FHgE §FuEHSN) & gyHNEHF
of os d¥F¥g e FIARFU (a)d &3t 7
A8 w9 s5uE35(NY) o) ug A=A (N,
/N®) &3 s #EEAR 271999 9dd s
Y AT FEAQE(N,/N*) g Fds}Fy] (%PL)
2 7A3FHA S (n) Aolde g 2 BA] 4
g FHsdck. &, N,/N*=exp(PL- (PL- A(n)
+B(n)}) o714 A{n)=an+B, B(n)=Ain+§ % PL
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=%PL/100 ol £ ATolA A§F vI7pA AR
sl YAl «=0.78, A=0.54, A=0.58 % &=~
0.01 °l¥oh
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