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Fig. 1 Principle of caustic imaging: (a) schematic diagram; (b) caustic pattern
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Fig. 3 Schematic diagram of the specimen

2 FERESR

2.1 R RIREHE
TR B, ol R R N =, WE 4 Bis. BYBE 1 T RS
QAR BB VB B 2 GRS 5 Y AR (R A B T



[ 7/ B R O
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

B 3 RRLUNATELIE 5y — M FHEROIF 4R S e 2 SUB BRI RS ph doin s, AFE R R
WFERELR v . 77 56 P TAL 1 B N [R) R B B S i B DIt 019 B A EX RS Je i, DAY B
1 SR SHr B 3 HHER R Z RKF 5 M BGEER BAE NRAE S 4L

AP EINET, AR RO RO R A B R, EEARIERT R 1 1%
FRERAE. BrBe 2 ISR IV DU BB 3 IRGUR IR R RS, W 4@Pm. Bl
T, FURGEY PR SCR IR, JFRE A Y . EARE 2 J5, REUGWEF KA
MEAEM, HFEFRES - MIEREER A B 1| SR SRR 3 FERE S B RAKFREER
BE R AL 15°UFER) 6.0 mm BTG E 75°URERY 30.0 mm, FRITRE A B 2 A R AUAE S T
PETA R O A AR E . YB3 o, RO LT ) — M R Rk ay e, b 45° %
PUN A R R SO AR TS H SE WIS, R W — by P BN R E0d™ 8 Uy ) BAT S W (R 1
IR RS S ML —BY N i EEF A K. MHEZT, 60°~75° B A F R AR5 A2

HARS 2% 2
@%EM&T,%&#EW%%&E@%W%M&%@%EM&%ﬁfgégﬁﬁ%o5%%
M INEAR B, RSB T AR MR N AR RS RO 27, AT I (R FRAR AN 5y
BUh, PIRAERAC AR E N B AR RS R B R I ]ﬁ?%‘,%%%ﬁﬁﬁ%
AR G ST I A/ E VS B AN PR R AL E . HE— DX EEmT R0, Sh8sliin e s R E—19 B At i
MR E AR RIS 38, REUE 5 KA MR AR R 2L, HERS IR AR
TR ARE LSS TS RPN L. 5 b, PR A R R RS B S AR E AL B, R

B 4 e RaUAE, (a) shamridima: (b) MEFSINE
Fig. 4 Crack path after loading: (a) dynamic impact loading; (b) quasi-static loading
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Fig. 6 Caustic pattern images under quasi-static loading: (a) 15°; (b) 30°; (c) 45°; (d) 60°; (e) 75°
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Fig. 8 Crack-tip stress intensity factors fander quasi-static loading: (a) mode I stress intensity factor (KI); (b) mode
L stress intensity factor Kj
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Fig. 9 Crack propagation velocity under dynamic impact loading
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Fig. 11 Extracted crack paths after crack propagation completion: (a) dynamic impact loading; (b),quasi-static loading
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Fig. 12 Fractal dimension of crack path: (a) dynamic impact loading; (b) quasi-static loading
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Abstract: To reveal the effect of joint angle on the crack propagation behavior of PMMA under different loading
conditions, a digital laser caustics system was combined with Hopkinson pressure bar impact tests and quasi-static
three-point bending tests. PMMA specimens containing joint defects with angles of 15°, 30°, 45°, 60°, and 75°
were investigated. The results show that crack propagation in the jointed specimens ean«be divided into three
phases: pre-crack initiation, crack-joint interface interaction, and crack re-initiation., Ynder dynamic impact
loading, the horizontal projected distance between the end point of phase 1 and the re-initiation point of phase 3
increases from 6.0 mm for the 15° specimen to 30.0 mm for the 75° specimens-under, quasi-static loading, it
increases from 7.2 mm to 26.0 mm, indicating that the joint angle changes the“crack-interface interaction range
and the re-initiation position. In this study, caustic-pattern distortion, ‘stress dntensity factor amplitude, crack
propagation velocity peak, and the identifiable features of reflected caustie,patterns were used as evaluation indices
to quantitatively characterize the crack-tip tension—shear couplingseffect. Inrthe dynamic re-initiation phase, the
peak crack velocity of the 30° specimen reaches 638.4 m/s, which is/3.06°times that of the 75° specimen (208.3
m/s). The peak mode I stress intensity factor decreases from 2:3 ¥ MPa*m!’ for the 15° specimen to 2.03 MPa-m!?
for the 75° specimen, while the mode II stress intensity<facter’ is more pronounced in low-medium-angle
specimens, with a peak value of 2.05 MPa-m!? for, the 30° Specimen. Under quasi-static loading, the crack still
exhibits dynamic propagation after instability, but\the _shear component is significantly weakened and crack
propagation tends to be dominated by mode I opening. Fractal dimension analysis shows that the crack-path fractal
dimensions under dynamic impact loading are generally higher than those under quasi-static loading, and the 30°
specimen under dynamic impact loading has the largest fractal dimension of 1.2072. In phase 2, reflected caustic
patterns propagating backward along‘the’existing crack path are observed in the 15°, 30°, and 45° specimens. Their
propagation velocities are close to the theoretical Rayleigh wave velocity of PMMA (1105 m/s), with a maximum
relative error of 15.4%, indicating/that the reflected stress wave exhibits Rayleigh-wave near-surface propagation
characteristics. The results previdé an experimental basis for fracture-mechanism analysis and crack-resistant
design of engineering structures containing joint defects.

Keywords: caustic/method; erack propagation speed; stress intensity factors; fractal dimension; Rayleigh

wave
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