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Table 1 Analytical results of strain rate
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108. 3 0. 83 21.37 23.42 8 829.4 10 140.6 47.3 54.3
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212.7 0.75 24.61 27.20 10 168.5 11 774.9 60. 3 69. 8
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Table 2 Experimental value of crushed zone radius
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Table 3 Theoretical value of crushed zone radius
pa/MPa R,/mm R,/mm
Y/(GPa+s™1)

aiE L HEE HEEL A HEEL A

76.4 72.29 69.62 4.963 5.306 16.58 17. 80
85.4 73.01 70. 34 4.968 5.314 16. 68 17.89

108. 3 75.34 72.67 4.972 5.326 16. 89 18.12
120. 8 77.01 74. 34 4.989 5. 346 17.03 18. 29
142.9 80. 88 78.21 5.016 5.385 17.37 18.66
160. 8 85.13 82. 46 5.049 5.429 17.72 19. 06
180. 1 91.24 88. 57 5.089 5.476 18.23 19. 64
191.3 95.71 93. 04 5.125 5.522 18.57 20.03
204.6 102.13 99. 46 5.179 5.586 19. 04 20. 56
212.7 106. 73 104. 06 5.216 5.631 19. 37 20. 94
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Table 4 Comparison results of crushed zone radius
¥/(GPa+s 1) 76. 4 85.4  108.3 120.8 142.9 160.8 180.1 191.3 204.6 212.7
/% AT 4.90 8.05 9.72  10.67 12.30 12.88 13.75 15.07 14.42  15.00
SR 9.41 11,07 12.40  13.79  14.30 14.17 15.80 16.68 16.76  17.37

H1E A4 ] SR DX A AR S (E 5 B AR AT AE — R 22 USSR (H R T BB . IR 22 Bl 7 AN e 1 45



668 5% 1 5 i B %36 &

RO I . VR ZEATAE Y B DR < (L) S 06 0 BBy 7 A i A S o 0 A O R T A TS A R
AR AL T BB AL AR AR T T B A A ORI B s (O IR 190 GPa/s B, 20 (2) 5 3230 B s 0L & 18 Bl A
B i 2 R T R S (2) SRR B 08 (E R O R 22 R TR L A B A i A R [ (IR
190 GPa/s) A, TR A8 o ot g (LT 0 51 5 9 07 3 3 A1 ik T e DX 1400 iy 228 i XA TV L

3 & i

(1) PRl A 1 v o 400 405 52 0 45 SRR T IR X 2N R DRI LB IX, AR B S y S A
M.

() FE T35 A BRI 3 5 4 32 ol WAL, Bl X R AR B S Se e b e % — G &
PR 28 AR KT 190 GPa/s) N, T3 1R 22 1l /£ 25K, AR A5 v ol DA LT 3 51 S 199 7 3 A 0 72 ke
4 DXORIA) iy 28 B DX IV R e e DX AR O R IR AR Y 1~ 3 %, W06 B IX B AR A JH IR BLAR A 5~7
T s WU IR X (R DRI U6 2B DO Y L 5y ME 98 B2 TE A G ELAZ MG R 48 BOE e B 2 3%

(3) AL S AT i o X Rk I 2 0ed T v o A B8 T A X G 4 PR 3R A DL e A AR AR T 2o i 2%
T AR BRAR B R DX 0] 0 B IX L 4 v il T 28CR

S % Uk -

(1] Zkdh, RE%E. b m it AR RER T AE R R LA LT ] V9 L4124, 1997, 12(3) : 14-17.

Qin Fadong, Wu Jinjun. The development review of high energy gas fracturing technology in the last ten years in
our institute[ J]. Journal of Xi’an Petroleum, 1997,12(3):14-17.

[2] XuP, Cheng Y F, Zhang Y T, et al. A study on low permeability formation’s permeability variation induced by
explosive fracturing technology[J]. Petroleum Science and Technology. 2013,31(23) :2541-2547.

(3] =6, 42k BROEZR L 45 . 22 Gk b iR T A0 il AR S 0L LT 0. B 98 50T %, 2014,41(5) :605-611.
Wu Feipeng, Pu Chunsheng, Chen Dechun, et al. Coupling simulation of multistage pulse conflagration compres-
sion fracturing[J]. Petroleum Exploration and Development, 2014,41(5):605-611.

(4] FEEA. BT RERLM] R0 RO TS ok, 2007 :196-200.

(5] . 5 A PR M I ) D i 3 X AR M TSR LT 0. B8R 1994(2) 1 15-17.

Zong Qi. Calculation of rupture zone radius in rock caused by explosion stress wave[ J]. Blasting, 1994(2):15-17.

(6] MR, RoIR e 25 R 0 1 5 A T R B 5 R P T S L . 3L 7 AR AR K223 FARBR# 2, 2001, 20(2) 1144147,
Dai Jun. Calculation of radii of the broken and cracked areas in rock by a long charge explosion[J]. Journal of Lia-
oning Technical University: Natural Science Edition , 2001,20(2) :144-147.

(71 SR FAE, 7 3 BRWT . 45 4 00 B2 ) U B 3l ) 2 0 JF RALERI [T, A J1 20 5 TR 244, 2014, 33 (U4 1) 1) . 3144-
3149,

Zhang Yuzhu, Lu Wenbo, Chen Ming, et al. Rock cracking mechanism driven by explosive stress wave[ J]. Chi-
nese Journal of Rock Mechanics and Engineering, 2014,33(suppl 1) :3144-3149.

(8] 2=V iy, R AR, 0 AR, 4. A il 1 S 4 SR MO0 A 20 1y e N7 S IR E [T . VPO 28 il K= %4 B AR B2
2012,27(2) :49-53.

Li Haibo, Chen Dechun, Liu Weidong, et al. Establishment and verification of the model for predicting the fracture
number of rock impact cracking [J]. Journal of Xi’an Shiyou University: Natural Science, 2012,27(2) :49-53.

(9] ®EA.AREIZE)ZE NS RIRERNE T 208D, V6% . 75 % A il k2%, 2013,

(100 kA, & A R I 0o e IX 0 M2 I M Ak L 0. B 4 5 b it 1990,10(1) £ 68-75.

Zhang Qi. Smash district sand expanding of cavities in rock blasting[ J]. Explosion and Shock Waves, 1990, 10

(1):68-75.
(110 T mUEp Rz J7 K57+ A5 F R Xk S P R A T 2R 408 47 il IR U2 5% iy 1) BB UL 5 (L . A Jl B PR AR L 2011, 39
(4):81-86.

Wang Jingyin, Cheng Yuanfang, Liu Fang., et al. Numerical simulation for the influence of confined pressure on

the damage scale of explosive fracturing inside wellbore [J]. Petroleum Drilling Techniques, 2011,39(4) :81-86.



5510 KM LA R b AR TR A WD 6 B DO IR R 5 4 R R 669

C12] ARG, AR Ty, XU PE, 55 B 0 TR 28T il %) B B 3 s8R A 32 i [T . A Bl R R 2009, 37(6) : 22-25.
Xu Peng, Cheng Yuanfang, Liu Dan, et al. The effects of ambient pressure on wellbore crushing effect under ex-
plosive fracturing[J]. Petroleum Drilling Techniques, 2009,37(6) :22-25.

(137 ARIEHN BRSP4 4 5. M A MR FLBE A R 2L A HL B K 52 o (R SRS LT ). A il Bl R 2008,5(3) :50-54.
Lin Yingsong, Zhang Baokang, Jiang Jinbao, et al. Mechanism and influencing factors on radial fractures’ crack-
ing and propagation under exploding gas[J]. Petroleum Drilling Techniques, 2008,5(3) :50-54.

[14] PRIES, FALE RIS 55 A A Ry vhdy TR REPLBRLT ], #8805 i 2008, 28(4) : 304-309.
Chen Dechun, Meng Hongxia, Wu Feipeng, et al. Cracking mechanism of rock by pressure pulses[J]. Explosion
and Shock Waves, 2008,28(4) :304-309.

[15] RGHS. mRe UM R 2 B 3 2B 5 TR R AL RSB SE (D). 3 5« b B A7 R (B ZRD . 2009,

(161  #AMITE. whf R 1E R 4 A S A W 2 AL 5[ D]. Kb B R, 2005.

[17] £30k. B ARKEEB M. Jb 5T B Tolk th jA . 1984 :240-2463318.

(18] #& & Aawhdsh iE[M] Kb g Tl K% i hiit 1994 :151-155.

Formation mechanism and main controlling factors of rock’s

initial damaged zone under explosive impact effect

Wu Feipeng', Liu Hongzhi', Ren Yang®,
Pu Chunsheng', He Yanlong', Jing Cheng'
(1. College of Petroleum Engineering , China University of Petroleum ,
Qingdao 266580, Shandong, China;
2. Research Institute o f CNOOC Shenzhen, Shenzhen 518000, Guangdong, China)

Abstract: In this work, to find out the formation mechanism of rock’s initial damaged zone under ex-
plosive impact effect and investigate the main factors contributing to the initial damaged zone (inclu-
ding the crushed zone and the initial fractured zone) around the oil well, we analyzed the impact fail-
ure mode of rock and its response to loading rates by conducting impact failure experiments at differ-
ent loading rates on two rock samples. With the help of the computational model of the crushed and
initial fractured zone based on Von Mise, it is feasible to determine the the size of the crushed zone
and the initial fractured zone according to the stress distribution generated by the peak pressure, when
the rock crushes at a given loading rate (less than 190 GPa/s). The crushed zone and and the frac-
tured zone are generated mainly in parts of the rock close to the oil well where explosive fractures oc-
cur. The diameter of the crushed zone and that of the initial fractured zone is 1~3 and 5~7 times that
of the oil-well, respectively. The initial damaged zone is in direct proportion to the brittleness and the
loading rate under loading impact and is more strongly influenced by the index of brittleness. The
present work deepens the current understanding of the damage mode and main contributing factors of
explosive fracture and provides guidance for the design of impact condition involving explosive frac-
ture.

Key words: mechanics of explosion; brittleness; loading rate; explosive fracture; initial damaged
zone; impact
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