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An evaluation of Fatigue Crack Propagation Behaviors on Cyclic Overload Test

BT L R T PELLLL
Kim Yong Soo  Shin Keun Ha Kang Dong Myeong  Kim Byung Suk

ABSTRACT

The retardation effect of fatigue crack propagation after cyclic overloading seems to be affected
by strain hardening exponent. Namely, for the material with high values of n, the delay effect is
found to be severe. '

We proposed a modified crack retardation equation which may apply the retardation of fatigue
crack growth after a cyclic overloading, as

(da/dN) . =(#n+ A)B AKY/[(1- Reff Ky— AK].
where, Ry is effective stress 1atio [=(Kupin—Kres)/ (Knax—Kres) ]

The constants #=—0.5 and A =0. 6, and the values are found to be identical for materials
such as aluminum (A 1060), steel (SS 34), brass (BsS1B) and stainless steel (SUS 304) used in

this investigation.
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Fig. 1 Schematic representation of crack retardation mode 1
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Table 1. CHEMICAL COMPOSITIONS (wt %)
Aluminum Fe Si P Ni Zn
(A 1060) 0.33 0.042 0014 0.006 0.003 0.003
Steel C Mn S w Cr
(SS 34) 0.035 0.31 0006 0007 047 0012
Brass Cu Zn Fe Pb Ni
(BsS1B) 68.19 3145 0.141 001 0.072
Stainiss C Cr Ni P S
steel 0.07 1997 994 003 0.012
(SUS 304) Mn Si W % Mo
0.66 042 335 0.225 0.23

RE AEHY o] vgke wol qidrigle) 427 o]
HEE dd rhgaiglom A5 71AA 42§ do}
w7] 915t ASTM E89] #30 oA JZAdHE
A Zst g

g2 APHL ASTM E6479) 71390 wel Fig.2
of ®9l v}e} Zro] CCT(center cracked tension) Al
§Ho|t},

EH AR ElE|X] M7 M2 92 63

Az TIAH AL Yohur) 4T AP L v
SAEAME7](Toyo Baldwin co. : 10ton)E AH-3H
o S48 (monotonic tension test)Z} HHEQ]
AX ¥ (cyclic tension test)NA 73 714 A2
Table 29} 2t} .

B2 NYle F%4 Servo I EAYY]
(Saginomiya Co. : 50ton)& AMEEIHon 3 2AlY

49



Stress intensity factor, K

Controlled load, P

Crack length, a
Crack length, a

Fig. 2 Stress intensity factor vs. crack lengt in ~ Fig. 3 Controlled lad vs. crack length in con-
constant stress amplitude test (AK in- stant stress smplitude test (AK increas-
creasing test) Ing test)

Table 2. Mechanical properties (monotonic & cyclic stress-strain tests)

Material Young’s Yield strength Tensile strength | Strain hardaning
properties modulus mono./cyclic mono./cyclic exponent
Materials E(MPa) o/ o', (MPa) 6/ o’ (MPa) | mono/cyclic i/n’
Aluminum(A1060) 558%10* 112/97 125/108 0.065/0.05
Steel(SS34) 203X10° 284/314 363/397 0.10 /0.14.
Brass(BsS1B) 109X10° 320/315 390/400 0.15 /0.16
Stainless steel 205X 10° 300/365 720/780 049 /0.38
(SUS 304)
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Table 3. Load conditions in constant stress amplitude test

—_— Load conditions |, ey Prn KN) | Stress ratio (R)
Aluminum (A 1060) 74 15 02
Steel (SS 34) 196 39 0.2
Brass (BsS1B) 196 39 0.2
Stainiess steel (SUS 304) 220 44 02
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Fig. 4 Controlled load vs. crack length in cyc-
lic overload test
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Fig. 5 Stress intensity factor vs. crack length in
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Fig. 6 Half crack length vs. number of cycles
for stainless steel (SUS 304) in cyclic
overload test
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Table 4. Load conditions in constant stress amplitude test

Load conditions Constant load amp Cyclic overload stress ratio
Materials Pro (KN) | Poiy (KN) | P (KN) | P (KN) (R)
Aluminum (A 100) 75 15 885 177 02
Steel (SS 34) 20 4 236 472 02
Brass (BsS1B) 20 4 236 472 02
Stainless steel (SUS 304) 220 44 25.96 519 02
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Fig. 7 Fatigue crack growth rate vs. stress in-
tensity factor range for stainless steel
(SUS 304) in cyclic overload test
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Fig. 8 Fatigue crack growth rate vs. half crack
length for stainless steel (SUS 304) in
cyclic overload test
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Table 5. Summary of cyclic overload results

Fig. 10 Fatigue crack growth rate vs. stress in-
tensity factor range for steel (SS 34) in .
cyclic overload test
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Materials KoL (MPay/m) | K, (MPas/m)| 1o, (mm) %PL
Aluminum (A 1060) 1273 10.79 411 225
Steel (SS 34) 31.66 26.85 3.96 22.5
Brass (BsS1B) 3449 29.22 370 225
Stainless steel (SUS 304) 36.13 3061 402 225
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Fig. 11 Fatigue crack growth rate vs. stress in-
tensity factor range for brass (BsS1B)
in cyclic overload test

Fig. 12 Fatigue crack growth rate vs. stress in-
tensity factor range for stainless steel
(SUS 304) in cyclic overload test
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Table 6. Comparison of number of applied cycles during crack retardation (N, (ex-
perimental data, Willenborg model and modified equation)

Materials Ny
» Experiment Willenborg Modified eq.
Aluminum (A 1060) 59000 37500 59900
Steel (SS 34) 79000 37300 67800
Brass (BsS1B) 34300 17700 33700
Stainless steel (SUS 304) 79000 25000 70000
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