wmOoE 5 &
Explosion and Shock Waves

DOI: 10.11883/bzycj-2026-0228

A abEIE TR REESTR AR IR FHIE S BRI
i

B, MR, BER, REE, KRR, dE, KR

(L. PEF M RAFE TR @G SR FE AR =, 175 FIIN22II6;
2. SN MAERAE, W Kb 410221)

W OE: gl A XA VU TR A A B SRR B, T ANSYSKLSKDYNA H3r T S FL—
TA—IUE ZYERUE R . DL DPA6HMX42-Y RUIZRESS AL R, LB SR B 0% N2 B N
0°, 15°. 30°. 45°, 60°. 75°. 90° U H ISR e (R AN FLIE K4 1 S B4 - Ng BEAE AT vh /D S8 RS AR
FORREH 1 mmy ZIEEN 10 mm, ZEEREEEFEA G 420 MPa S REEIE TR, A RHT A4 58K %
A TP DU G 2 0 2 AL 0. 46 SR 900023 T DX s ¥y 468 mm, BCTEJ2 0 T 0L4R B4
10%, SHABI AR L) 15%: A FZEA R IO s MNASE TS, FLS Uk LB 2B A BER KT G
JET T4 7.3 5 S S 5 5 9 588 T e 5005 B L R 05 0 P J B A T S 5 2 L8R 5B A4 T B
FLo 1M 90° EEHIETAT MM, ARSI DR, MG R TR . BF s DRI
SHLBBIRAL AR R MO 7 R B RIS %

SRR RO TRETUA EELA R AL L

PESES: 0385 EfRF RS 13035 SCERFRIRAS: A
Research on damage characteristics and fracturing mechanism of

deep bedded shale penetrated by shaped charge jet

LUO Ning'*, WEI Yucheng&LIAO Yucheng!, LIANG Guofeng', ZHANG Chengjiao?,
ZHANG Hu!, LIN Chen!

(1. State Key Laboratory of Intelligent, Construction and Health Operation and Maintenance of Deep Earth Engineering, China
University of Miningand$%echniology, Xuzhou 221116, Jiangsu, China, 2. Explosives Co., Ltd., Changsha 410221, Hunan,
China)

Abstract: The objective ofithis study was to quantify the effects of bedding angle on shaped-charge jet penetration, perforation-
channel developnfent/ and fracture-related damage in deep shale. A three-dimensional coupled numerical model comprising a
perforating charge, an air domain, and a shale target was established in ANSYS/LS-DYNA. A DP46HMX42-Y perforating charge
was adopted. Eight shale configurations were considered, including a non-bedded target and bedded targets with bedding angles
from 0 to 90 degrees. The arbitrary Lagrangian-Eulerian (ALE) fluid-structure coupling algorithm was used to simulate the

transient penetration process. Jet velocity and morphology, penetration depth, channel volume, damage evolution, crack
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development, and cross-sectional damage characteristics were evaluated under a controlled 20 MPa isotropic confining-pressure
condition. The results show that bedding angle substantially affected the penetration response. Jet-head velocity generally
increased as bedding angle increased, and the 90-degree bedding configuration produced the greatest penetration depth,
approximately 10 percent higher than that of the non-bedded target. Bedding also promoted perforation-channel enlargement,
with the most pronounced increases in channel volume occurring in the 0-degree and 90-degree cases. The total damaged volume
of bedded shale was generally lower than that of non-bedded shale and decreased overall with increasing bedding angle. Damage
propagation was guided by bedding planes, which promoted damage extension along the bedding direction and secondary-crack
development near bedding interfaces. Cross-sectional analysis further showed an overall inverse relationship between the radius
of the compression-shear damage zone and penetration depth. Maximum crack length, damaged cross-sectional area, and fractal
dimension generally decreased with penetration depth, although local fluctuations occurred nearycharacteristic penetration
positions. The comparison of the 0-degree and 90-degree cases indicates two distinct channelférfungahechanisms: repeated
interface crossing favored lateral enlargement and interlayer separation in the 0-degree casgs wheheds'a tontinuous weak-layer
path reduced local confinement and promoted axial penetration in the 90-degree case. These findings clarify the role of ordered
weak layers in controlling jet energy dissipation and shale damage, and provide numeriedl gefer¢nce for perforation parameter
optimization under different bedding conditions.
Keywords: shaped-charge jet; deep shale; bedding angle; perforation-channel fotmation; damage evolution
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(a) Three-dimensional finite element model (b) Applied boundary conditions

(c) Confining pressure configuration
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Fig.2 Finite element model anddbodndany~€ondition imposed

(a) Non-bedded shale (b)'0°-bedded shale (c) 15°-bedded shale (d) 30°-bedded shale

(e) 45°-bedded shale (f) 60°-bedded shale (g) 75°-bedded shale (h) 90°-bedded shale
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Fig.3 Construction of characteristic shale models
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(a) Schematic of the failure surface of the RHT constitutive model
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Fig.5 Schematic diagram of the RHT constitutive mqdel,

(b) Stress—strain curve of the RHA “eonstitutive model
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Table 4 Parameter selection of the matrix constitutive model of typical shale
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(a) Penetration process in non-bedded shale
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Fig.11 Different characteristic shale channel morphology
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(g) Binarization result of damage in 75°-bedded shale
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(h) Binarization result of damage in 90°-bedded shale
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