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Abstract :

influences subsequent excavation progress and operational efficiency. The residual borehole length after auxiliary-hole

In tunnel blasting operations , the performance of auxiliary holes following initial cut blasting critically

detonation is a crucial parameter for assessing both the efficiency of blasting energy utilization and the effectiveness of
rock fragmentation. This study investigates the impact of the residual borehole length after auxiliary-hole blasting in
hard-rock tunnels on subsequent excavation performance,using the Fangshan Tunnel as a case study. A three-dimen-
sional dual-borehole model was developed in Hypermesh with localized mesh refinement around blast holes. LS-DY-
NA simulations were conducted to analyze residual hole lengths under varying inter-hole delay times and geological
conditions , with key parameters systematically configured for blast dynamics analysis. This research systematically ex-
amines the governing patterns of inter-hole delay time and surrounding rock mass on the residual borehole length in
auxiliary holes, employing advanced numerical simulation techniques for comprehensive parametric analysis. The re-
sults demonstrate that the inter-hole delay time significantly influences residual borehole length, with longer delay
times within a specific range increasing residual length and accelerating growth rate. Furthermore , the lithology of the
surrounding rock mass emerges as a critical determinant of residual length, with granite exhibiting longer residual
holes than sandstone under identical charging conditions, revealing a positive correlation between the rock firmness
coefficient and residual hole dimensions. Field verification was conducted using optimized auxiliary hole blasting pa-
rameters derived from this study. The implementation of these parameters in actual construction effectively controlled
the residual borehole length and significantly enhanced blasting performance in hard-rock tunnel excavation. The
findings establish both theoretical foundations and methodologies for precision design and dynamic adjustment of aux-
iliary hole blasting parameters in hard rock tunnel excavation, offering substantial value for enhancing construction ef-

ficiency and optimizing project economics in tunneling operations.
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Table 1 Granite material parameters

FHEFZ % Hufe
Material parameters Numerical value
R L po
Material density/ 2.68600
(g-em™)
Sl 77 s B T i
PRI IR 2B QA 1.00330
Initial porosity
UG EWEE S P
FLBRRI AR AT T P, 43 65600
Crush pressure/MPa
B RS P,
BRI P, 175.47400
Compaction pressure/MPa
SRPEST DI G
Elastic shear modulus/GPa 15.22100
o
ERLIRRE S, 130. 96700
Compressive strength/MPa
S A L £
PRI L /) 0. 05880
Relative tensile strength
B o *
PIRSREEILS, 0.32300
Relative shear strength

MEZE e
Material parameters Numerical value
4 ZH g
R4 IR S 4K g, 0. 84400
Compressive yield surface parameter
. 2/%»/ *®
R fi g IR T S48 g, 0.60100
Tensile yield surface parameter
BHIRGIR & s
Reference compressive strain rate '
SRR &) -
Reference tensile strain rate ’
He ik e AR o
kxﬁﬁﬁﬁﬁxzf 3 E+25
Break compressive strain rate
ﬁiﬁﬁlﬁﬁﬂj’ﬁ% &' 3.E +95
Break tensile strain rate
JE4 I B 5 EL B,
Compressive strain rate 0. 00969
dependence exponent/ (MPa™")
PN B R EL B,
Tensile strain rate 0.01320

dependence exponent/ (MPa™")
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Working Surrounding rock Inter-hole

Charge

condition  amount/kg lithology delay time/ms
TH— 0.00
T s 8.00
B
TH= 16.00
THy 1.20 24.00
T 0.00
TN s 8.00
e

THt 16.00
TN 24.00
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Table 3 Sandstone material parameters

RS 8 HfH FEIZ% AdlEl
Material parameters Numerical value Material parameters Numerical value
RFEE po
4 BH o
Material density/ 2.06000 }—Qfﬁﬁﬂ[ﬁﬁ He: 0.30000
5 Compressive yield surface parameter
(g-em™)
L5 B
ORI R 2B o 1. 12000 PR SR g, 0.70000
Initial porosity Tensile yield surface parameter
VWG R T P % Rk
LRI UG R T P, 28.70000 5% R AN AR & 3.F_8
Crush pressure/MPa Reference compressive strain rate
URSEE S P 20 AR gt
ALBRIESETE ) P, 50,0000 SRR &) ko
Compaction pressure/MPa Reference tensile strain rate
o B R RS AR 6
IAEDT IR G 10. 20000 RAEADI L 5 3 E+2
Elastic shear modulus/GPa Break compressive strain rate
NAC: Y e AR
MBI S 86. 00000 RBBIRBE 2 3.E 422
Compressive strength/MPa Break tensile strain rate
, . F 45 745
FPESRIE L P
0. 10000 Compressive strain rate 0.01400
Relative tensile strength o
dependence exponent/ (MPa ™)
PLAR R AL B,
9 FRSR I L/ DB
Rel N N 0. 45000 Tensile strain rate 0.01900
elative shear streng! dependence exponent/ ( MPa™")
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Bl 11 0 ms 55T A A S 450550 LE IR Fig. 12 Damage comparison of different surrounding
Fig. 11 Damage comparison of different surrounding rocks under 8 ms delayed time

rocks under 0 ms delayed time
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Table 4 The change in residual hole length before

and after character optimization

il o ARk AL E R ERALKE

Surrounding rock Residual holes Residual holes

lithology before optimization  after optimization
k% Granite 0.33 0.24
b A Sandstone 0.25 0.13
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