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Dynamic crack growth and crack arrest law based on arc bottom specimen
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Abstract: In order to study the crack growth and crack arrest law of the brittle materials, a large-sized trapezoidal opening
crack with arc bottom (TOCAB) configuration specimen was proposed. The impact tests were carried out on the TOCAB
specimens with radians of 0°, 60°, 90° and 120° under the drop hammer impact device. The crack growth speed was obtained
by using the distance between the two resistance wires divided by the break time of the resistance wire of the crack propagation
gauge, and crack propagation gauge (CPG) was used to monitor the crack initiation time and expansion time. The crack growth
behavior of the TOCAB specimen was numerically simulated by using the finite difference software AUTODYN. And the
crack growth process and the crack arrest law were numerically studied. The critical dynamic stress intensity factor of the
moving crack was calculated based on the experimental-numerical method and the finite element software ABAQUS. Both
experimental and numerical results show that the three arc-bottom specimens have a crack-stopping effect on the moving
crack, andthe TOCAB configuration specimen is suitable for studying the crack arrest problem. And the crack growth path
obtained in the numerical calculation is basically consistent with the experimental results, which verifies the validity of the
numerical model. And the critical dynamic stress intensity factor at the time of crack initiation and crack arrest is greater than
that at the time of the crack growth.
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Fig. 1 Dimension of sample and crack arrest principle
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Fig.2 Four samples were used to measure dynamic fracture toughness

1.2 MRLEFRIRHRR

DL IK U6 53 I8 B0 S A SRy A5 A b Ak, 0 3R v 4 B 0 T B BE B s mOK ) = mOUK) = m(EP) + mOF A
JK)=1.000 : 0.688 : 3.013 : 0.118. K& Ry kMR Lh/K I8 P.O 42.5R, 7K Ay [ KK, Bb A A i b, 3K
T gk IR . Ik 8 K 15 em K 30 em B AR B AT 12 4S8 K 10 em #8957 5 ARG
He, K12 8000 00 0 A e pu=0.22, #f e E=30.31 GPa, B ¥ po=2 159 kg/m®, & K i 7 ¢ =
4003.5 m/s, W75 PP ¢ =2 398.6 m/s, B F Ik i 7 =2 187.9 m/s.,

6 I 2550 FH 1 i R R0 S 56 T P B 28R A MRS L rp B SR ITT A, 6 S50 %8 % A BE TS 24 h ),
B R R BT IR A B TR 23 °C FIAIXH IR 95% MuFRdm s vh, B2 08 255 B A SE U 3 301, FREC HEAT
g, MNIE —dib i R DR kb, PSR T 80 N, TR L 20 4
1.3 EHEMBEEM CPG UWEHA

SR LT SHPB SC56 R 3 1 9 94 FR vh if SC 00 206 8, QNIRL 3 B, B iR BE L IURAS L B ST

093201-3



5 40 4 15 743 5 i i o

WIAARE . AGTAT . BB G 4% vhihi AT L Z0AMRIE AL SF A . B A DR AR AT R AT 9 RST L
SHPB #1 A, A LAXF KRS MR A T . ORI A ST L 3B AT 53R A R G2 ek R 82, 5256
FCREURE T T T EE G L PR B LA R . SCIR T, KR AR A AT 0B AT 2 18], IR A
J& 20 mm BRI AT S T, DR 1 R i, PR b AT TR R A R VR, SR LA 2
ASCHE T o b S

WP 3 FroR, whh gk & 69 ST RLE S AT AR FH LY 12CZ B A &M kL, % p,=2 800 kg/m’, JA
P b, =0.3, SEMER i £,=71.8 GPa, 34 & FF 19SS G\ ik I 53k 5005 m/s. 7% HER H B8R, % B p,=
7 850 kg/m?, JAMA Fop,=0.25, FPEAR i E,=205 GPa. %257 E A ST L i 1] i I T2 45 5 28 R L b4 KL

TESZE v, SR CPG(ULIE 3) Wi 2 2 24 R4 J B Ab A if 1] . CPG =8 2 ph 1] B AH 45 119 - 30 4 H
RH 22 I 16 A0 BT B 38 22 A0 JE 0 L, P el AR 3 Pl BH 22 0% 1 B 80 SR AR B 8 . CPG K B 98 B 430l Ky
44 F1 18 mm, PIAL AT i BEL22 () (B] B BE 25 R 2.2 mm. SR 35 mm A8 R fp B A8 Fric s AT i
SEAF A A S L R I A G i o A 0 S S 3 Ao sl A e BEL R AR (OO TR RORS B L
5 ARERS IR AR K AS S, DA m R BE T BALIC SR A7 o (E AR A2, CPG I 4% % v 75 2 i
PREAEIE A R RS R IR, T 1 F AR S A R B h A AR AN U, TRIRE, BRI AR R i A
HP U 5 L A T S i B A

4 ..- Impact bar Constant
. voltage source
- Infrared
Z[ __ E velocimeter

Wave shaper —

Kama copper
resistance wire

y

. Strain gauge
Incident bar gaug
99.2.9.9.3.0% mm

Camera .' ;i‘! 1 l :' .
/ Dynamic
Bl CPG strain meter

Lighting system

Transmitted bar © Strain gauge

Amortisseur

Oscialloscope

Computer

K3 KRR EAEERRERS

Fig. 3 Drop hammer device and data acquisition system
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Fig. 6 Reflected compression wave of arc bottom specimen
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Fig. 9 Experimental results and numerical simulation results of crack growth paths
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