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External crack propagation of concrete surface
under explosive loading

CUI Xinnan', WANG Xuguang'?, WANG Yinjun®>, CHEN Zhiyuan'
(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China;
2. BGRIMM Technology Group, Beijing 100160, China)

Abstract: To further investigate the failure mechanism of geotechnical materials under implosion loading, a novel blasting
crack detection algorithm is proposed in this paper, the digital image correlation method is used to measure the surface
displacement field and strain field, the crack propagation and expansion model is built. A concrete blasting experiment was
carried out, the crack propagation and expansion process were measured and analyzed. The results show that the propagation of
crack is a combined action of stress wave and explosive products. The maximum velocity is 225.95 m/s, the average velocity is
122.27 m/s, the total length is 159.92 mm, and the length propagation ceases at 1.75 ms. The opening of the crack is dominated
by explosive products with a maximum width of 1.59 mm. The action time of explosive products is 4.5 ms. The tensile strain
concentration zone appears before the initiation of crack and its shape determines the tendency of the crack. The fracture
process zone is about 8—9 times of the maximum aggregate size.
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Fig. 1 Crack detection process
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Fig.2 Experiment system for crack propagation of concrete surface
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Table 1 The physical and mechanical parameters of the concrete model

TREE bR A /(kg'm™) YU EE/MPa FMEREEY/GPa YrhiiE EE/MPa MEL/NA

C30 2.7%10° 42.5 31.2 32 0.3

PR Al SR E TF N 2 ¢ BRE, B BELBH AN 10 mm., JKFFE T PVC &, P46
ARG, AL, T RS 058, B KLY 4 om, 2t 3 g,

65 ] b Bl AR AR R T 5 4 AL, FLAR 12 mm, FLIE 12 em, BEBEHEHTIZE LY 9.5 em, MIFLEE B9 1T 20 cm,
WE 2(c) ftn . AP UFIEZE &, Jere L I A A DERD, P e 502 /K 1485 o ) 2 i md v s I 4
1) 2] i RO DA F AR5 35 5 W B B =2 A) A L A9, 4B S 20 000 7, BESGETR] R 50 ps, AR K
N 3 s, S HERON 448x484, AR T il
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Fig.3 Crack propagation progress
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Fig. 5 Evolution of horizontal displacement field
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Fig. 6 Curves of crack width with time and crack length
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Fig. 7 Evolutionary process of maximum principle strain field
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BRA AR AZ 100 107°(SCHK [27] H I A5 AR BLAC Lo TR 5E AR BRI B2 0 (80~120)x107°), B i€ FPZ YR
SF, anlEl 8 s, B H RN AR AR Y B AR R, AR AT FPZ AR A Al R 2, 0.80 ms J5 FPZ
HIE B, 255 18 7, THRAS I %) FPZ ROF ke 2 frs .

Strain
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Fig. 8 Propagation of fracture zone
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Table 2 Sizes of fracture process zone

Fisf 18] /ms FPZ %% /mm FPZ K /mm
0.50 33.82 132.64
0.75 47.17 129.30
0.80 48.95 132.16
1.00 52.51 -

2.00 50.73
3.00 49.84 -
4.00 51.62

H1¢ 2 TN, BRiEE 40T %) FPZ e /08, Jhy 33.82 mm A, HoAxif 2 8 AR LA K, 7E 47.17~52.51 mm
Z 0], FPZ &K JERAAAE, S 129.30~132.64 mm, 2 R IREE 15 BHe KRR (15 mm) (1) 8~9 £, @X Hi A 50
ORI GE 2 B, W7 0t 7 DX RO SR BE - W TC LE L B RPRLAR 55 B 34 56, TR BE 0L A M, (A A
WFFE 2 BH, Wi 2 5 A DX R 3 5 TR 3 K/ I 2 1) RT3
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