FxHE HxW J:% J:/E Ej YEI:' fE Vol. x, No. x
xxxx 4 x A EXPLOSION AND SHOCK WAVES Oct., XXXX

DOI: 10.11883/bzycj-2024-0254

I 5% 12 i e 4t B JB) 021 £ LR A BBl A RO IR R A

RA #ﬁl RAELENMNL R oL E HLORFZY
IR R 2556 28l 4B, L1 ZR ¥5 i 2500003
2. EPTciﬁ &%Iﬁ%ﬁﬁﬁ“ﬂwﬁﬁﬁ \BE, BEPE PE4E 710100;
3. PHAE RS S R TR, 1)1 BL#T 610039)

TEEE: gt v Bk S D S AL AR B B DA S0 2 R0 T TR S0 K I R, P AT T Y B T R R 3 LR
B OB 05 R A o AR 7 Ll B, 28 S 7 DR L AL = A B AR R, AL T D Ak TR 5 1 DL, AT T R K
REHBE R, B2 LR A R, Il B R AT T 5AE . S5 R R Y. @ Bl R B
B B S B R E 25 i e R 3R, MR TP B A B, M & B i AR T N, A 1 e AR OR, M 2 AR T
ME LA 000 TR 2, i R P RN A 78%; R Mk ek SR W 5 2 24 B (1 484 o 2 T 994 K R /I 1 R A, 2 D R 3 AL I 2 3
255 BN 0.624 kg/m B, 1B AR Bk b Ab, JE R A B FLAN U B A FL R A, T DASSE B R S AL R RO . R
FAAR AL S5 1R 2 5, B Ak 3 K ZR PEAB IS B AR T 53.1%, B 6 80 s 2 ¥ 2

EHIR): BEIE MR HE R SR LT, B A BT S TR A

FE S S: U455.41 EfRFRMREE: 1303520 NHEREE: A

Blasting damage characteristics of surrounding rock
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Abstract: To address the issues of over-excavation at the tunnel arch foot due to the difficulty of forming the perimeter hole
blasting and under-excavation at the tunnel face bottom, the damage characteristics of surrounding rock caused by perimeter
hole blasting at the arch foot of a horseshoe-shaped tunnel were studied through a combination of theoretical calculations and
numerical simulations. On the theoretical level, an in-depth analysis of the stress distribution and crack radius in the arch foot
area was conducted based on the principles of blasting mechanics, and the theoretical charge length for the perimeter holes at
the arch foot was derived. Building on this, a 3D numerical model of the perimeter holes at the arch foot was established
through numerical simulation. During the modeling process, the damage evolution in the surrounding rock during blasting was
simulated by introducing an appropriate damage model, and post-blast damage cloud maps were generated. By comparing the
damage cloud maps under different conditions, the relationship between blasting effectiveness and parameters such as free
surface shape, charge amount, and void deflection angle was analyzed, further revealing the mechanisms by which these
parameters influence the blasting formation results, which were validated through field experiments. The research results

indicate that the shape of the free surface significantly impacts the extent of surrounding rock damage and the energy
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utilization efficiency of explosives. A concave free surface results in a smaller damage range compared to a flat free surface,
with greater rock confinement, making it difficult for the explosives to effectively fracture the surrounding rock, leading to an
energy utilization rate of only 78%. The blasting effectiveness shows a trend of first increasing and then decreasing with the
increase in charge amount, with the optimal blasting effectiveness achieved when the linear charge density of the perimeter
holes at the arch foot is 0.624. Additionally, by setting voids and adjusting the void deflection angle, the blasting effectiveness
of the perimeter holes at the arch foot can be improved. With the optimized blasting parameters, the maximum linear over-
excavation at the arch foot was reduced by 53.1%, resulting in a smooth tunnel contour. The research outcomes are
engineeringly feasible and provide valuable insights for similar projects.
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Table 2 Material parameters of rock

WEE(kgm”)  WIERHBE  EWESI/MPa EIUES)/GPa MEDTUIR/GPa WRSHUEIRE/GPa FIHSREELL  DTHOREELL

2600 0 125 6 21.9 167.8 0.04 0.21
JEARIEARET  PEARE B RSN SRR PR L PR e AL JE4i N AR NG

B2 S5 A/ /s AR /s A/ Eipi Eip

0.53 0.7 3x107° 3x107 3x10” 3x10% 0.026 0.007
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Table 3 Material parameters of explosive

pl(kgm?) Di(m-s™) A/GPa B/GPa R, R, w EJ(MJ-m™)

1200 3000 373 3.74 4.15 0.9 0.15 4.192
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Table 4 Material parameters of air

G G G G C, C; Cs plkg'm™) E/(MJ-m™)

0 0 0 0 0.4 0.4 0 1.29 2500
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Fig. 7 Damage nephogram of cross-section A under different charge conditions

0 02 04 06

Damage variable

0 0.2 0.4 0.6 0.8 1.0
Damage variable — |

(a) 0.9 kg (b) 1.2kg (c) 1.5kg (d) 1.8 kg
8 AFZEZyE &M R B itz A

Fig. 8 Damage nephogram of cross-section B under different charge conditions
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Fig. 9 Damage nephogram of cross-section C under different charge conditions
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Fig. 11 Damage nephogram of section A under various hollow hole deflection angle conditions
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Fig. 12 Damage nephogram of section B under various hollow hole deflection angle conditions
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Fig. 13 Damage nephogram of section C under various hollow hole deflection angle conditions
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