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Directional splitting mechanism of rock based on shaped charge jet

LIU Di', GU Yun', SUN Fei', LI Fei', CHEN Shunlu?, LIU Qinjie'
(1. Nuclear Industry Nanjing Construction Group Co., Ltd., Nanjing 211102, Jiangsu, China;
2. Junyuan Kebao Nanjing Engineering Technology Co., Ltd., Nanjing 211135, Jiangsu, China)

Abstract: Based on the brittle fracture model of rock materials, from the perspective of improving the conversion efficiency of
explosive energy to the fracture surface energy of rock materials, it is proposed to use pre-cutting and multi-point shaped
charge jet impact on rocks for crack fracturing and propagation, achieving directional rock splitting. A shaped charge that can
be used for rock splitting was designed, while the directional splitting mechanism of rock-like brittle materials under the impact
of shaped charge jet is studied using numerical method, by which the impact splitting effects of different shapes of high-speed
metal rods on rocks are calculated and compared. The formation of the shaped charge jet and the impact fracture process on the
rock are analyzed by using numerical simulation, and the optimal shaped charge structure and explosion height for splitting are
obtained. In the experiment, 2 shaped charges were used to successfully split the rock samples followed the design direction,
and the peak stress on the rock surface obtained from the test were about 0.5—0.8 MPa. The results show that using this shaped
charge can form a wedge-shaped metal rod with a length-to-diameter ratio of about 1 : 3 at an explosion offset of 25 mm. The
shaped charges are set at multiple points along the pre-cutting direction of the designed rock control interface, and at the same
time, the wedge-shaped metal rod jets are formed after explosion, which impact the rock and produce a good directional

splitting effect. This technology accurately introduces explosive energy into the control interface and converts it into rock
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fracture surface energy effectively, thereby improving the effective utilization rate of explosives, providing reference for the
design of precise control blasting cutting devices for large-scale rock excavation and reducing blasting hazards.

Keywords: shaped charge; rock fracture surface energy; directional splitting; boundary control blasting

R ) (YRR 042 2 2R TR T 1 i T, e 2 ) S S T R T 42 0 1)1 R OB 2 B . T
HAERZ B JRAR A T2 T, X AR5 B2 SR B A TR 2 B i SR R o % By RO Z I, 5 25—
UM 2 Sl T ) BRE T v, U X O 2982 ol At T i R 5 IR 2l 5 1 ™ AR AN R i P
R Pk A 7 (o S8 T R 7 A R A R 2 i, (8 1Y BB | J2 B AR 5 T R S A, S BUA ROR K
S LS . DATE ML G R T 92 AR R AR N O B — € i35 2, AT 20 IR AR . % T ik AR 3
1o, T T A DLk B R PR R, HBE R 28 (9 o BE R A2y, R OR IR B T, 20
ERBIZGE I . L5 LA, PR B X 4 4 | B i) ™7 2K, i OB R B2 1 1 ki, 1%
2 AT 110 B g Al 17 2 DL, DR O ek 5 VDRI Il R 94 O kR A A L e A TR It T S P R T
Z—o

A YIEI IR I AR 22, BRd W IO KE 25 Bl LASE, i N T UDEIRED), S S IR T 235
U215 55 o KE2h Blidik: $%— s WAL SRt AT WU AL, FLINBEE M2y | T4, LL— & Ik 1] [l B R4 7
R ) AR N T AT 85 R, 5 B IR v, 2 MRBEIE i — 2546, FRRENBEAT ACA A h B 40
Bem AUkl w0 T A2 1 R R IR i — 5 L Bl S AR A 1 21 IR HE AR AL N, IF 3 28 4L 0, el
WP RN, R AR AR R BRI T 0 VR T T AL BE, IF-07 48 Bl AL A4, M 2 PR T 28 HLBOT 42 11,
SR 4 M 150 S8 R A U0 80 R FH 4 W R R A B Ao 41 T2

R A LA L AT 25 A BRI AZ IS, 77 A A 3RI Ay W v 38 3 5t TP R A o, R JC i P S i
AP o T, A R 0l A T 2 TR LR AR R X R A0 B4 A T 2 TR o R Tl R B ¥
R FE UL, P 2R RE A B B T B A R BIF TS B R

RAEST IO TEAE [ SNE A B, T2 1R RS AL 195 24 380 4 ph X 24 R < i 28 HRL S A G, S AR i 1R S
P18 90 9% T 30 245 R B k7 8 A 90 AN W 4 5 T AR i DLV 25 [ iz 2, AP e i | L
AE B B Y 4 R R BB . RAESTR IR A — 0 ZHEM P KR, C 28 B AR BRI F

— ORISR O R 2 T SR RE U A L T 1) W SR T KR, AP < R A T AL LAY
A TE R R 5 T AR, L e R AR B R A A AN e S AN T R A, (R B —
YR B ET BT R AR AT T S AR AR R L E SY RIS . IR )
B 1 22 AL Ak SR SR JR iR AR AR, 488 1 AL BE SRS i o R 333 5K, A B SR S0 R AR IR B 1o 7 90
OB PN NS

ISP P T U 25 G R K, e B S 1) J I i T, VDB BE A8 A 2832 T R T A B R M
AR T2 A T g o AR AR b T AL RN A SR RE 2G4 | 1 S AL R A 24 4 A 1) T SRR A BT 2
TV, PR 24 20 ] S B A1 5 1) I R B, B U U B I 8T o XSO AN B T — Al DLk
AR RE R 0 TC B8 B 22 (] SRREAE G A, 7R M FLBE L, 22 1] SR RRAR AN A2 2 SR BEJT [0 B4 7€ [0 RS, AR T
Fo KR T DX FEE T AR 1) B, 2085 1 ISR IX R BE LM T8, BE 1 22 1] SR RE 24 AR T HE nl A7 A ALY
Luo S5 WFFE 1A A0 P B BESE 1wl BT 2442 AR A 1 R BCE R ST REHLIE . Yin S5 P4 FL R R A
V RSO Z R SR RESE 24, Bl S R e R, KA 15 1) SRR IR I L ARJE 1 2REE D | X Bl B 473 /) 14 A
BERCR . Shu S B3 T —Fa] H T AL DB o BUER REZR PE VI BI85, G S ALV FI 2R IR B 32
T 73.3%. BRAU ST R AR DA WS Ak S Y e A4 FL N g 28 3, 0 BR ) R B A LB AT T
ek,

FEMLFL P 5 1 AR) bR P 2R S0 BY T 0 A2 B0 VI 5 1) 97 Jg, B U348 8, e DR Jil [ T b e
AT R A, ol A 2R BT VIR 5 ) AR S e, S I E 1 W7 228 o AT 5 1 BUE LU 75 X
&, P AL ] B 51 25 RSO FLAMIN B0 & 0 B 54T, B9 R0 i 14 8 25 0 77 58 5 X - K T4

083303-2



543 4 X, A BETIRAESHAAE A E [ B 2L % 8 1

S0, I 7 A LR e, 38401 4 L 1) DX R 7 375, 97 3 982 LA B v 5 T 52 S 88 40 i 90 A 2R
R e, I S o

LA WTFEE R B 2 g L BR RE VIR &, JSL AR AE I I 4 2R 7, 2R R SRR S G o (A T o
ATHEIRTE LR, (8 i PR A AR A BE 0 5055 o A ZE VDRI A — 5 J5% B2 )5 MR KT 24T, O 05 ) T o
R T A7 S T W 2 P ) T 2R S TR R, A 0 2 3 P08 e R ek YR 2, i EL S ] ) AR 03 16 ol 1) 16 75 X LA
Pl o

AT X A FR BB 2 10 B AL ) S VAR G s S JE ORI 28 1, TR B e S 0B S 52 45
[Fa) B, 8 3 SR B SR X A el £ P 5 25 A ol I AL B, 488 HG TDDHE R 22 R SR RE S B A 45
FNEN T o R IESZBUE B 045 B AL BT SR BB 25 4544, 70 M % LA [R) T IR 4 Jas A S5 Ji X
HAE M BF R AR T SR BER G XA A R A RICR,, 15 B AR SRR AR SR e B, R e ik
Z i R RS A A o i 1) B RO AT IR L

1 FREERBIRE

ST SR R ST S - A A U ) AL R A 2 T ) 1 — 4% 1 BT, V0 i
A T RAEE 2, AR 2 IR 5 7 A 0 0 3 R DRI sl A, 5 PR AL I 72 A 0 24
SULCIYVRE 7 16 AE A, )R 16 2 LT LR (0 S U P 2, o A B 4 TR, Rk 7 B 1 B
YRS , (o AL ] 1 L0 B S T T 1 A T B SR T o ML T 9 L A3 e I T 21 B i
YIS T, 22 0 TR b)) v A R T BER Vi S A A T 2R 24 458 i A A T
KT AR HORCR | HE 20 B I FH 3R L B A BB R S 5 LA R T

S SR U B A 1 6 AT T
Shs — R BARR AR, B RIS E AR
(OFFAR S 370 — 2 4 S T O TUAD 3, 7 5 4 (e
17 AL B 1 5 0 4 5 224 1 ) T — 4
VR, P L2 00 S T 47 1 SR AE I IG5 Prefubricated crack
ar, WE 1 R, 1 ORI ER B

i 1 1E A BAE AL Loy By, 45 A s ik TR Fig. 1 Directional split blasting
ML IR e 2 400, B — R A 24, .

B2 042 28 mm., = 30 mm, WA 2 7N 250 | i
SHEIE T L, HE £ 90°, BLREIE 1.5 mm., : RS

12 3 e 4 20 1 5 1 M B T AR B WURF IR st
e, T 4R B sh i B A A, T
[ DI 1 R4 ek K et S R RE P
MR AR R , B Sy R, B R 1) 2
BT YRR C ﬂ

BT 24 3 25 il 5k 1 £ 35 5K 437 2% ) S, 224 30 mm
S R S5 A S A M A T 4 A 4 2% -
e B 1 0 5 T 2 04 R R A L 0 R R Fig.2 Rod shaped charge
K, B;

Shaped charge

30 mm

dw dG
FTRrT (M
b WO SAPERARE, G ORISR ATRE, [ W REUKE .
AT SR B IR e JE SCAL, FL PN AR A R i T e T 5 R B A 7 A R, IR AR Vi
LR 3 v, Bl IV R RFS I O, WA BB — AP T SN E AR R, HRRRREIR . i TRET A,

083303-3



543 4 X, A BETIRAESHAAE A E [ B 2L % 8 1

A D1 R T IR AR, AL G v e y
T AT H, 75 0 W7 24 07 2% v i iy g 5 BE PR -5
PSP VIE S S 44

FE 5 s 3 A R U S0 BR324 I x
Ser AL, W A 80 K AR B TR 2
J&, IE U IE 8, fERHE Y R, S fE (a) Crack propagation along the prefabricated direction
AR Ak 7 A 0 B R T 6 T S0 v AT N
MRS 7, ADRE = e RS R Ak o — 45 T Ty
SURIRY AT W 2L T2 0 B, BERL AN 3 PR . 90
Horp [ 3 (a) Sy 2L 800 WA J7 ) 9 J8 i B A 1 z
& 3(b) MRSy T4 A R T A YT
JRE AL,

& 3(a) 195y Wi 2445 8L S JG FR AT 5 H (b) Crack propagation into the interior of the rock
YA — X s DL, FR g 5 B PR 5 Al R R
FKIRA: Fig. 3 Concentrated force fracture model

24(1)
K= W (2)

b 1 REI PO IEE B (BB ), g(n) BT R ).

HR A T 2L F 45, 4 2402 v 7 98 B R IR B A Wr 4 B K, i, RSO iR 9 i, B

24(1)
K. = Vil 3)
MRS B 1 S5 b TR R:
447 (¢t

2 (4) D B B el IR RS 1) LR, FE 2 U TR b il A A B UL T, B bl ) q(o) 7ERR 3L
B R I 7 A AR, BRI b i AT . S (4) R, B R 5 B A rh sy O B9°F 5
BAE LG, 97 R W REROR , SR AR BB S i A0 o i 3(b) 85 A7 BRI R SR Y 1z 13
S 7755 J3E R 57 RTARME Ao 20 R i A e 2, AR SCrp M TR BT830 SO AT 20 B it 4

2 EAEMBRYETE

K8 A BRIT MY AOTUDYN 47T H5E., 0k 2 AU A | [T A 7 o i o o sl sl AR 4%
far AT B o AR A 20 BT, 1IN T A A L SSER T 2 F AR SR S N Y TS . RRD A
TUIEN AR BLAT A TR B A6 U E B, 2B S R 24 4 B %o e A ok B 2 AR, ST BN
(B ABURR TR | AT 5% AN R TR: oo 38 4 T S 0 o o X2 A B AR 2, T4 S R BB 2y R SR (i3t LA
KAy M 4 JE B i ob i 5 A W AR DL R BRI, IS5 IR IR 25 SR X L .
21 RBUESN

P T AR R S U A R P MR 2 B B TR R R, T 5 S R R S R B R
2% 3R e S T ot R R bR 2 = A S R R, 0k SR BE S I A 1 B BT R A T Ak . TR S Y
PSS HOA : RS 24 BT ) B I 2 12 g, S 1200 my/s, PRI IE 422 R 2 MO A 1200 m/s
)4 @ BIE AT XS A BT ohit o 2 Mea TR BB AT 4300k FH =R kL L J5 e AH 5], AR A [R] 19 4 R BLE AT
AT e, JUT_E 2B K AR, BHER AR ESIE, RSk 1 s,

AAABRIR SN 115 emx80 cmx80 cm, 75 A1 HH A i V1A, VIFE %8 5 mm, ¥ 5 mm. IR R BI04
RERIANE 4 s o

083303-4



543 4 X, A BETIRAESHAAE A E [ B 2L %8

®1 SREMATHRST

Table 1 Dimensions of metal wedges
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Fig. 5 Explosion stress contours in rocks
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