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Abstract: In the tunnel blasting projects, the efficiency of blasting and the utilization rate of the boreholes have
a direct impact on the construction duration and economic benefits. To optimize these parameters in hard rock tunnels
(where the Protodyakonov coefficient of rock strength exceeds f20) ,a duplex wedge deep-hole blasting scheme, in-
corporating a central hole and segmented charges,is proposed. The efficacy of the proposed scheme has been valida-

ted through a combination of numerical simulation and field experiments. Initially , an analysis was conducted to eluci-
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date the rock fragmentation mechanism and the technical advantages associated with the blasting scheme. This analy-
sis identified two critical parameters that determine the advance per round;the vertical depth ratio of the duplex cut
holes and the dispersed charge ratio for secondary cut holes. Subsequently,a small-scale blasting experiment was con-
ducted at a hard rock tunnel site in southern China to collect data on the extent of rock damage. Corresponding nu-
merical models were formulated utilizing LS-DYNA finite element software. The reliability of the parameters was sub-
stantiated through a correlation analysis between the field measurements and the simulation results. Each key parame-
ter was systematically assigned three distinct values. Using the depth of the blasting cavity as the evaluation criterion,
corresponding computational models were established to systematically assess parametric influences on blasting per-
formance , ultimately leading to the determination of optimal blast design parameters. Subsequently ,an optimized blast
design, based on the derived parameters, was implemented for field validation. The actual advance per round after
blasting was measured , and the results indicate that,in the context of an extremely hard rock tunnel, employing a ver-
tical depth ratio of 0.6 between the primary and secondary cut holes, coupled with a collar-to-bottom charge ratio of

4:6 for secondary holes, resulted in an actual advance of 3. 07 m compared to the designed advance of 3.3 m. This a-

chieved a drilling utilization rate of 93%.
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Table 1 Physical and mechanical parameters of gabbro
W B R THAR L PR PR K% PEEAM
Density/ Shear modulus/  Poisson’s Compressive Tensile strength/  Cohesion/  Friction
(kg +m™) GPa ratio strength/MPa MPa MPa angle
2708 20.7 0.21 210.6 10.9 8.5 55.6
®2 BHWEHITEEXSE
Table 2 Parameters related to blasting load calculation
R 3ty KEgh B JEALEAR I ONEN ¢ SRR
Density/ Detonation velocity/ Explosive Borehole Amplification Isentropic
(kg-m™) (m-s™) diameter/mm diameter/mm factor index
1200 3900 32 42 10 3
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Fig. 3 On site blasting experiment scheme (unit;m)
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Fig. 5 Field measurement of the extent of rock damage
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Fig. 8 Comparison of field experiment results with numerical simulation data
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Table 3 On site tunnel blasting parameters
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3 >3 g g 18.0
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7 170 ; e 28.8
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5 1.8
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Fig. 10 Damage results from three cut depth ratios(unit;m)
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Fig. 11 Three segmented charging ratios( unit:m)
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Fig. 12 Computed damage results for three charge ratios(unit:m)
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