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Smooth Blasting of Fractured Surrounding Rock
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Abstract; This study investigates limitations of conventional shaped-charge blasting in tunnel smooth blasting
applications , including excessive charge concentration,operational challenges in charge placement,and induced over-
break and surrounding rock damage from concentrated bottom charges. To address these problems,an innovative PVC
semi-tubular clasp-shaped charge tube was developed. Following initial effectiveness validation,a reusable steel slit-

type charge tube was subsequently designed specifically for weak and fractured surrounding rock mass. Numerical
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1

simulations comparing shaped-charge effects between PVC and steel slit-type charge tubes revealed that the steel va-
riant exhibited a substantially greater peak stress concentration at the slit and generated longer fracture propagation
lengths than its PVC counterpart. The steel slit-shaped charge tube achieved a peak pressure ratio of 5.51 between
the slit and non-slit directions, significantly surpassing the PVC tube’s ratio of 1. 65, thereby demonstrating superior
directional energy concentration and protection of the surrounding rock mass. In double-hole blasting tests, the steel
slit-shaped charge tube achieved results equivalent to those of the PVC tube at a significantly lower linear charge
density(113 g/m vs.314 g/m) ,demonstrating enhanced directional fracturing efficiency and superior protection for
the weak and fractured surrounding rock mass. Field tests in jointed tunnel rock confirmed that the PVC-shaped
charge tube enabled uniform explosive distribution and controlled directional energy release, effectively increasing
half-cast hole rate while minimizing damage to the retained surrounding rock mass. Comparative blasting tests with/
without the steel slit-shaped charge tube confirmed its effective directional energy concentration and reusability. Re-
sults demonstrate this steel tube’s superior suitability for blasting projects in weak and fractured surrounding rock

masses , achieving effective disturbance control with reduced explosive quantities while showing significant potential

2026 46 H

for practical engineering applications and widespread implementation.
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Fig. 2 Schematic diagram and actual image of PVC shaped charge tube
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Fig. 3 Schematic diagram and actual image of steel slitted shaped charge tube
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Table 1 The parameters of rock

R S JE AL R B HUERE B RPLI T3 405 H 45 K
Density/ Shear modulus/ Pressure hardening ~ Compressive ~ Maximum tensile Damage constant =~ Damage constant
(kg. m™) GPa coefficient/N strength/MPa stress/MPa D, D,
2600 14.86 0.61 6.2 0.04 1
x2 MEHMBBH
Table 2 The parameters of explosive
W RPN AE
. D/ P/ o
Density/ ( N op A R, R, ® Specific internal energy
(kg. m™) mes a per unit volume/GPa
1100 3500 4.3 42 4.6 1.15 0.28 3.51
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Table 3 The parameters of air
W BAATRINBE FHXT AR
Density/ C, C, C, C, C, C; Ce Specific internal energy Relative
(kg. m™) per unit volume/GPa volume
1290 0 0 0 0 0.4 0.4 0 2.5 1
11:C, 3] C; 2y LINEAR POLYNOMIAL £ Z I A0S 7 FE B4, €, € XKW TT, €, AR R E, S
(DAL 238
x4 WEMBSH
Table 4 The parameters of steel tube
W PR R A Ja IRV 1 UIEY S
Density/ Modulus of X 8 . Yield Tangent sre STp
5 . Poisson ratio
(kg +m™) elasticity/GPa stress/MPa modulus/MPa
7850 210 0.3 355 27 4000 5
x5 PVCEMHSH
Table 5 The parameters of PVC
HE CE IR He Je IRV 3
Density/ Modulus of Poiss 8 " Yield sre STp
(kg. m™ elasticity/GPa oisson Tato stress/MPa
1300 3 0.25 22 252 5.96
(2) AR5 73 by B, T A I ) i Ak SR S AR AR R . Ut
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Fig. 6 Von Mises stress nephogram of crack growth
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