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Fig. 1 Experimental optical system for dynamic caustics
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Table 1 Relation between deflection angle and horizontal displacement

X/mm Oar /() Opr /() X/mm Opr /() Opr /()
10 2.62 5.56 370 —5.65 9.38
50 2.84 2.44 410 —3.37 0
90 7.40 2.98 450 —10. 06 14. 21

130 11.53 7.56 490 —3.82 10. 63
170 4.49 12. 34 530 14. 47 —4.09
210 10. 02 14.75 570 22.26 —16.94
250 6.76 10. 25 610 22. 36 —3.35
290 2.02 10. 67 650 31.25 —35.76
330 4.59 13. 87 690 79.65 —85.22
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Fig. 5 Crack velocities and accelerations
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Fig. 6 Pictures of dynamical caustics speckle

2.2r —a— AO 1.6r —a— A0
2.0r —o— Al
iy Laf
Lsr ——BO
L2}
%10k
L Lo
E 0.8}
T 06} |
0.4}
' 02t
0230780 "0 160 200 240 280 0—="20 " 80 120 160 200 240 280
t/us t/us

B 7 shAs R A T
Fig. 7 Dynamic stress intensity factors
3.4 HTHERME 1600
] 8 Sy B vt ) 75 e 5 B TR0 5 I () 19 25 Ak 1400
KF, MTEEERAMIRE, Y (=15 ps B, IF 4R 1200}
ARAF LI ) Bl A RE BB CR  HOWBROR(E . 8L o00f
ALBI.AO # BO 1) ek 8 45 B i B HOR 43 90
1583.1,542.4,1 377. 1 M 772. 6 N/m, REL Al B
AO.BI R 1) 0 25 g 1t B i3 40 5 KAE MV R 400
Wi o AR X o 8 At 3, i S 1 SR B0 o 1Y) RE o0
TR TR 2% b e 4 T 2 0 2 iy 1) g i BR ORAR, BAITZ
(] Y 22 (ELAR B 1 2 A5 Be i B R X 80 e iy B 3
FERNTY . KRS R BUR YT AT RS HohE
B B A Ay SRR IV B B B i R 0% IR ] 1 Fig. 8 Dynamic energy release rates

800

G/(N.m

0




636 DS 1 5 et i %33 %

B3 LY B IR B REY R AL T BT R E A RE R G I RS TR AR YR L i A7 AR 2 B0 i ) P R AR
AE7E S 2D 5] 28 SR B 3 BOREUR B 1 BE B OR R AR T . 2 160 ps IF L X RO S A TF 4 U 8L
PR LG B REL ATLBI {E ¢ =135 ps W55 2 YGR BN AR, 1AM S0 A0, BO W — B 5 4% %5 /)
B . X Rl R % A2 A FE S R BT 0 g ek BB R R S R 17 g A% A e R R A A BB L N S
LR AR AR O T BN 0 I IR S B B0 i ) B A5 AT SR I T3 . OB T REUI TR AR
Ao NPT Y BE AR 1B 45 R, PR R AL

4 & it

I 8l f S 98 5 1, T SO Y SE SRR 0] AT R B Bl AR AT AT MO A BN R 458

(DB RO R IR AR, R — b — T MBS 4k 2 9 g, I ) 5 07 9 E A 1Y RE0D7 10 %
gy AT BB I L e/ NMIRBTZR DT 1) B R S 07 19 © A 205 1), B REOh RER R RECR AL T A
H T, 51 5 7 RS EAT BT Y

() BN IT R BEN - K BRI/ SR G Gad IR IR ), B g R, IF ik 25 2 i
{8 Z e T da s o X P AR A6 S B 1R 7 SR R A SE I . Ry R A AR L Ky SRR RN T
Ky 2B 5 2 8 A BAE G A R Pl 1+ AR, S Sk z . B RS AT BI R 1)
A5 I 155 BE N5 R T M B AO L BO 13 3 B A A AL 8] 8 0 B S 390 1 46 L ) DX ) 09 73 373

(3) B L o UL o 3752 BLIR R AR 2 35k v A2 10 R 790 A K vh 5t B S5 ) o7 e 5 7
REUR b AT VORI R SR A T R o T R R 14 0 SR B o R TG B U £ AR
Je T s B A

(4) Bl 25 FE 1 BEHOR h fe R AE VN PR 355 28 R 5 2 UGk B, SOZ /N, 78— E TR I
F W T B AR RO RS R IR SR .

S

(1] 20, BEBCRN A A S A A7 A 5 W R R M 52 (D] b st B ™k K% (db s 2009,

(2] BRAREE. A 1 W7 24 ) g i WL BR 53 [ 1. 870l WF 5 5 TF &, 2000, 20 (5) £ 40-42.
Zhang Zhi-cheng. Summary of the mechanism of directional fracture controlled blasting[ J]. Mining Research and
Development, 2000,20(5) :40-42.

(3] BV WG T . 3K T 2 A A DL AR B A 1) U e i B4R L ). B A 15 i it . 200626 (5) : 434-440.
Huang Tao, Chen Peng-wan, Zhang Guo-xin, et al. Numerical simulation of two-hole blasting using numerical
manifold method[J]. Explosion and Shock Waves, 2006,26(5) :434-440.

(4] ORI il 7 A 7k Jap o A R 6 2 T AL i) 48 BT 28 5 1 SO SR ST ] B R 5 uh i . 1991.11(4) : 346-352.
Zhu Zhen-hai, Qu Guang-jian. Yang Yong-qi, et al. Dynamic photoelastic studies in the influence of delay ignition
on the penetration of cracks between boreholes[J]. Explosion and Shock Waves, 1991,11(4) :346-352.

[5] Kalthoff ] F, Winkler S, Beinert J. Dynamic stress-intensity factors for arresting cracks in DCB specimens[]]. In-
ternational Journal of Fracture, 1976,12:317-319.

[6] Theocaris P S. Dynamic propagation and arrest measurements by the method of caustics on overlapping kewparallel
cracks[J]. International Journal of Solid and Structures,1978(14):639-653.

L7] MW, B M fL e In) i 28 2 ) R i HIL B 3 AR O B W 58 (D], b mt e b Ik R 2 (b 50 1997,

(8] MW T3¢, ¥ [FlAk, 8. 35 B By 2 f R ey R i S BB IR AT R [T ], 5 2% 5 TR 240, 2008,
27(2) :244-250.
Yang Ren-shu, Yue Zhong-wen, Xiao Tong-she, et al. Dynamic caustics experiment on crack propagation of jointed
medium fracture with controlled blasting[ J]. Chinese Journal of Rock Mechanics and Engineering, 2008,27(2):
244-250.

(9] Erpoc. SR Bk A 280y e A Y o B AR B O 7T (D], db st b E Ak K7 (b5t |, 2009.

(100 B, 2220 R JRE I L & R KB IO 0 3B A I J2 B o 7 288 10 gl AR S 3 20 A [0 ). I 24412, 2005, 30(1) £ 36-39.



% 6 3 WA 2 - 5 T T XA R B By I B ATk 637

Yang Ren-shu, Niu Xue-chao, Shang Hou-sheng., et al. Dynamic caustics analysis of crack in samdwich materials
under blasting stress wave[ J]. Journal of China Coal Society, 2005,30(1) :36-39.

(111 Bz, A AR Eh A W R 5 B T AR e SE i p 52 [ D], b st Bk K% db s . 2011,

(121 B mh . ek . AR 5 i B L M. A« v BT ol R 3 Hh A, 1997,

[13] Takahashi K, Arakawa K. Dependence of crack acceleration on the dynamic stress intensity factor in polymers[J].
Experimental Mechanics, 1987(6):195-217.

[14] E&. WML T 79N R AL, 1979,

[15] Freund L B. Dynamic fracture mechanics. M]. Edinburgh: Cambridge University Press, 1990.

(167 ey Gl . Jrse. T kAR )5 5 B F1 2L 80y Joim sl 2 =2 ) 195G R AR [T ], AR J127,1996(8) : 33-39.
Yao Xue-feng, Ni Shou-yong, Fang Jing. An analysis of the relations between the stress intensity factor and crack
acceleration[ J]. Engineering Mechanics, 1996(8) :33-39.

(171 Wezede . 7 5. whli 40 T 9 e 24 804 vy 3l 25 B8 1 B A0 43 A i B B A0 A [T ). 4B 4 5 vh 7, 1996, 16 (2) : 111~
116.

Yao Xue-feng, Fang Jing. Analysis of caustics on dynamic energy release rate of running crack tip under impact

load[J]. Explosion and Shock Waves, 1996,16(2):111-116.

Dynamic behaviors of crack propagation in directional fracture blasting
with two holes”

Yang Ren-shu'*, Wang Yan-bing'?, Yue Zhong-wen'?, Liu Guo-qing’
(1. School of Mechanics and Architecture Engineering , China University of
Mining and Technology (Beijing), Beijing 100083, China;

2. State Key Laboratory for Geomechanics & Deep Underground Engineering
China University of Mining and Technology (Beijing), Beijing 100083, China)

Abstract: Using a dynamic caustics blast loading system, the paper studied the dynamic behavior of
perforated crack propagation between two holes and lateral crack propagation on the condition of groo-
ving with two borehole blasting and simultaneous initiation. As can be seen from the results, the per-
forated crack tips did not directly encounter, but one was at the top and the other was below, met and
went on propagation, then got closer to the direction of the anisotropic existing crack. The velocity
and acceleration showed a type of fluctuation changes as wave. For one crack, the acceleration firstly
came to the peak, then the velocity came to the peak. The dynamic stress intensity factor K| de-
creased rapidly from the maximum, oscillated, and up to the second peak, then decreased. K was
almost smaller than K. The stress intensity factor of the perforated crack tip was almost greater
than that of the lateral crack. The dynamic energy release rate decreased rapidly, oscillated, and then
decreased.

Key words: solid mechanics; dynamic behavior; dynamic caustics; crack propagation; notched blas-

ting; perforated crack
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