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Abstract: To address the challenge of controlling bedrock damage in deep-water blasting operations , this investi-
gation utilized the Xihoumen Road-rail Bridge's deep-water foundation blasting project as a case study. The research
employed a multi-interface wave-impedance model for energy-relief charge structures, combining scaled laboratory ex-
periments with numerical simulations. This study systematically examined the mechanism by which flexible cushion

thickness affects bedrock damage at borehole bottoms during underwater energy-relief blasting operations, quantita-
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tively analyzing the evolutionary laws of fracture characteristics ,damage radius,and penetration depth across different

cushion-thickness configurations. The results demonstrate that the energy-relief structure significantly attenuates

shock-wave intensity at the borehole bottom, transforming the damage from localized , concentrated failure to a dispers-

ed fracture distribution. Both the damage radius and penetration depth decrease ,then stabilize as the thickness of the

flexible buffer layer increases. With a 20 c¢m buffer thickness, the damage radius measures 27 cm, representing a

48% reduction compared to a conventional charge structure. Based on a comprehensive evaluation of damage mitiga-

tion and foundation specifications,40 cm is determined as the optimal buffer thickness. Field applications confirm

that this 40 cm flexible buffer effectively regulates bedrock damage and surface roughness while satisfying the preci-

sion requirements for deep-water foundation construction. These findings establish a scientific framework for bedrock

damage control in deep-water drilling and blasting operations.
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Fig. 1 Schematic of the charge configuration and stress-wave reflection-transmission in the energy-relief blasting structure
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Fig. 2 Post-blast model
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Fig. 4 Schematic diagram of piezoceramic

damage monitoring points
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I oS
Density/ Detonation velocity/ P.,/GPa A/GPa B/GPa R, R, ®
(kg +m™) (m-s™")
1200 3200 7.1 210 0.18 4.2 1 0.3
Fx2 HESRHENFESH
Table 2 Physical and mechanical parameters of model materials
N - By A ,
AR i TR ki He
Related materials Density/ (kg * m ™) ynamic e asiic Poisson's ratio
yoLke modulus/GPa
R LTy
 THRER 7850 210.00 0.30
Energy-relief ball
Gl 2200 20.00 0.25
Rock mass
%% 2000 15.00 0.28
Stemming
T ki
v 1500 0.18 0.30

Flexible cushion layer
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Table 3 Final elevations in the blasted foundation pit area
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