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Effect of Initial Crack Length on Critical COD of Unstable Fracture
with Stable Fibrous Crack Growth

Mitsuo TSUKAMOTO

(Received May 23, 1994)

An investigation was conducted of the effect of initial crack length on the following items: fibrous
crack initiation, fibrous crack growth and unstable fracture with stable fibrous crack growth. 3-point
bending specimens with initial crack length 1, 2, 5, I0mm and plate width 20mm were extracted from SM41B
mild steel. Monotonic loading and constant loading tests were carried out using Olsen type and constant
load type testing machine.

Critical COD (Crack Opening Displacement) at fibrous crack initiation is constant when a ratio of
initial crack length to plate width is greater than 0.2, but it increases in proportion to the ratio when the
ratio is less than 0.2. Decrease of crack length gives an increase of critical COD under monotonic loading
and constant loading. This is recognized above the temperature in a brittle-ductile transition ; not below
the temperature in a brittle fracture manner. Decrease of crack length gives an increase in the ratio of critical
COD of unstable brittle fracture with unstable fibrous crack under constant loading to critical COD at crack
initiation, but the ratio of critical COD of unstable brittle fracture with stable fibrous crack growth under
constant loading to critical COD under monotonic loading at the same temperature is almost constant
regardless of initial crack length.

Key words : crack length, crack growth, constant loading, monotonic loading, mild steel
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%, B2 -EMECHRET 2 X0 R EWERARTOMLEN S ROMFEEH K NLELE - i
PEREERRSLIC DWW T HEES Y ZHAS I LT w 328, EERER T OBERF I KIZTPIH &
BUEXOEEIC DV TR TR,

% 2T, KW TR KSR E TEREED N & Wikl SM41B 2H D RIF, Zhrodlh L
72 3 A ITERER ISR ST ST H AR DRSO SR EFRT, BEHEWEEL LTS
[1Z547 (Crack Opening Displacement, P COD &FEZ) 2T, IND=2D R 2 NI
THIEERHWMET S,

) EMEFORE - BRREHCRITTVIH AR S ORE
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2. 1 WERARRTFE

HEAE & U CIREE SM41B Z vz, Z OIS & BB % Table 1 10R Y, %72, K
FETHW 2 3 AUl CoD #ERf OAR - ~HE% Fig | W, YIZEER S, =1, 2, 5
10mm @ 4 FEE AV, 2 PHICEH TEHARZEALTH S, 2o ORBF 2w THELRE
L& B CHEFART R & EWERR Y EL 7.

HERERATRBRIC IZHASE 98kN DA V& v RIRERE % Hv», EWMEABROGEICIIRASR
78.4kN OER BB 2 V72, ERERBEIL T 2 OFENCEE DV CER BER BT « ]
RS T & 2B ThH B, 2 OB % Fig. 2 s, —XRHFERTO Lt s8b D i
E—F L VEE L C—ERETBEH L, MER—EERE CEENICET 5, BB 0L
LOHBEBSAOMEBIEDS &, WEADEMOEIEE AL v F THATBIML, ZIEREICHY
THRPIRABEEESCTREL, 2 KORMEBEBRHEOFTEED & 512 LT, F3 M OEKIERE
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TEO—ICE L D R MENS DALY, SRANEATOERATIEE ) OEE (KK
1568N) @ S0 fEDFENERMINS Z LXK 5.

RERE D% ENC I3 T EEE S b ORI © HENEETREREE 2 Ay, AN TEBRE L 7z,
BHIMEONE IR ER 2 FTEL, ZOREERPEFH ST TABCERROERFHR « L
T, REERBHL 2, BEOHE IES T ST U fl—a v X5 8 BER
TITV, FREDBRED+2°C OEET—EW X5 L5 REEHEL 7,

Table 1 Chemical composition and mechanical
properties of SM41B

Chemical composition (mass%) Oy Oy
C Si Mn P S Fe  (MPa) (MPa)
0.16 020 1.07 0023 0.015 Bal. 253 470
O, : Yield stress
oy, - Ullimate tensile strength
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Unit : mm
(a) Total view

Fatigue pre-crack

Fatigue pre-crack

(b-1) a=10mm (b-2) a=5mm

Fatigue pre-crack

Fatigue pre-crack

Unit : mm
(b-3) a=2mm (b-4) a=1mm
(b) Detail of initial crack

Fig. 1 3-point bending COD specimen
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Fig.2 Schematic view and mechanism of loading

system of constant loading machine

Table 2 Average initial crack length measured
a (mm) Total m}mber @ (mm) alw
of specimens
| 18 1.35 0.067
2 14 2.18 0.109
5 18 5.37 0.268
10 16 10.30 0514

a : Average crack length
W . Average plate width
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Fig.4 Locations of indentations to measure crack face opening displacement
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Fig.5 Method for determining rotational factor from crack face opening displacement profile
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Fig. 6 Relation between rotational factor and ratio of initial crack length a to plate width of specimen ¥
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Fig. 7 Critical CODs obtained by monotonic loading for various initial crack lengths

| 1 1 | 1
0 2 4 6 8 10 12

Initial crack length (mm)

Fig. 8 Effect of initial crack length on critical COD at fibrous crack initiation
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Fig.9 Comparison of critical CODs obtained by monotonic loading and constant loading for various

initial crack lengths
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Fig. 10 Effect of initial crack length on ratio of critical COD obtained by constant loading to critical COD
at fibrous crack initiation
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Fig. 11 Effect of initial crack length on ratio of critical COD obtained by constant loading to critical COD

obtained by monotonic loading
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