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Abstract; To achieve precise excavation boundary control and promote planar cracks propagation in underwater
blasting operations, this study systematically investigates fracture initiation mechanisms through the deployment of
multi-point bidirectional shaped charges submerged in aqueous environments. Based on the unique energy transmis-
sion dynamics of underwater explosions, compact-volume shaped charges were engineered with forward-positioned air
cavities adjacent to the liners, optimizing jet formation efficiency and directional fracture control. The actuation se-
quence and planar fracturing mechanism of the underwater shaped charge were comprehensively analyzed through in-
tegrated 2D and 3D numerical simulations and concrete splitting experiments. The results demonstrate that the de-
signed actuation sequence proceeds through distinct phases: blast shockwave propagation, head shockwave formation,

shaped jet generation, hydraulic wedge action,and bubble pulsation effects. The synergistic interaction of these mech-
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anisms establishes an optimized chronological sequence that,when coupled with pre-cut borehole grooves,induces a

tensile stress concentration zone along the predetermined fracture plane, facilitating preferential crack initiation and

controlled propagation. Field validation tests successfully generated planar fractures in concrete targets using a re-

markably low linear charge density (39 g/m) , with fracture patterns exhibiting exceptional alignment with the de-

signed splitting plane and strong correlation with numerical simulation. These findings confirm both the operational

feasibility of the charge configuration and the predictive accuracy of the computational model. The developed method-

ology offers significant practical value for boundary-controlled blasting applications in underwater environments and

in terrestrial settings requiring stringent blast-impact mitigation.
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Fig. 1 Schematic diagram of plane splitting charge and hole setting
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Table 1 Main material parameters of explosive B

p/(g-em™) D/(m-s™") E/(K]-m™)

P/GPa

A/GPa B/GPa R, R, w

1.717 7980

8.5 x10° 29.5

524.23 7.678 4.2 1.1 0.34
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Table 2 Main material parameters of

liner (iron) and shell ( plastic)

o Y o
Material (g+em™) (m-s") :
WATER 0.998 0 1647 1.921

IRON 7.86 1.67 4610 1.73
NYLON 1.14 0.87 2290 1.63
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Table 3 Main material parameters of concrete

p/( g+ cm _3) pmmh/MPa p,ock/MPa AI/GPa

A,/GPa

A,/GPa B, B, T,/GPa  T,/GPa

2.75 23.3 6000 35.27

39.58 9.04 1.22 1.22 35.27 0
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Table 4 Material model

P2 FORE ORZETTRE SREERAY
Name Material EOS Strength model
25 Air AIR Ideal Gas None
2RI Liner IRON Shock Piecewise JC
F2:245 Main charge COMP B JWL None
A5 Shell NYLON Shock von Mises
JK Water WATER Shock None
JR#E 1 Concrete CONC P alpha  RHT Concrete
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Table 5 Comparison of effects in different environments

T FIER =R x
R, 533 MPa, Bl 1540 61, S 204007 15 TR B
@ﬁﬁ;$EM% 51 MPa, Bl ELYE LI LT A, LR

Initial stress wave

generated by shock wave

HARIR S

Target state

A RCK
Energy coupling
efficiency

HEOY AL
Crack formation

mechanism

AL
Final failure mode

51 MPa, low value and small range, almost no
effect.

SR EAEAEH]

Jet direct action

%o BRAERERE (il i/ 7 1) RSP FE AR
25, 5 AR A 22

Low. Most of the explosion energy ( shock wave
/ product) is dissipated in the air,and the cou-
pling with the target is very poor.

BB S b S R E

Simplicity : jet impact and the role of air wedge.

RO R PR LA L
The cracks are short and shallow, and concen-

trated around the penetration hole

533 MPa, which has a large numerical range, is an
important energy source for crack generation and

propagation.

SRR K IZET AAR
The jet passes through the water layer and acts on the
target.

1R o KA R 5 AT AR A 5T, 4 % X RE i v O B
IR PE R i, SRR RS

Tall. Water, as a weakly compressible medium, effi-
ciently converts the explosive energy into destructive
shock waves,which are strongly coupled with the tar-
get.

AR wbili il SR KA ORI A A
Compound action; the compound action of shock
wave, jet, water wedge and bubble.

P TR B S, PR — R 1 B RV
Cracks are long, deep, running through the structure,
accompanied by a certain range of caving
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