W44 % 3 wmOE 5 W & Vol. 44, No. 3
2024 4 3 EXPLOSION AND SHOCK WAVES Mar., 2024

DOI: 10.11883/bzycj-2023-0206

5 IR 9 RO BRI T B A 5t

WEE M) H AR, 8 B EEALE B
(1. PGB R 5 B 48 A BR A R k3B @ 558 i, db st 100081;
2. RN K B TR TS P A0, WG BB 443002,
3. RDURAKGER T/ 50 B 4 J N S0 e 2, 1k s 430072)

WE: HXEABEERERRIE DRSS EAE OB E T EMGEILE B SRR S XORE, FRT %
FEE R IR 43 IX 0 A B R M ter R T R R FLE A MR 7T . BE A A A R BB A R R R IR 4 X B B AR, HE S
T 2B R R IR A X 1 A R A A B A SR, LT R A R IR A3 X 2 A e A R O A AR T R S S A FL
PRJEE 3 i 2k, JF R 7 S AL IR A I 3% W 58 R0 RE B2 2% 1 TR 3 b MR U 7 3 T 0L (R 5 AL, T 8 o AR B B 9% s U R (i
B GE R UEAT T b WFFE 4G R W B R A R R oy X B MR A B DT AR 4G L BRI R B 1L L IO, b B s
SN ) A, % U B AR 4 I ) A K L 3 B SR R s SRR R IR o X R I S AR T R B R T A R S S e
FUAB N 77 il R AR b 3 — B, BRI T 5 R A R IR 43 X1 R R AR A AR B e 0 3 T SE s B R R AR oy
DX PR AT 30 000, o L B R 3 B3 A 10 B3 UL 5 SR 5 3 s U 5 R 1 3 AR — B, R AT O R R A R
54 R YL S A R 22 B8 /N, 48K 3803 78 7% CApR, R T 308 1 S5 (E AR A0 100 I 5 S R AR R 4 X 1)
(s N R N g L A AT Ero - O W I X G S AN VA i A & S E

KR AR BTG FR A S SR A X s AR

FESES: 0383 EfRZERMARE: 13035 XEAFRERE: A

A study on explosive load history of rock blasting
considering rock failure zones

SUN Pengchang'?, YANG Guangdong®, LU Wenbo®, FAN Yong?, MENG Haili', XUE Li'
(1. Railway Engineering Research Institute, China Academy of Railway Sciences Corporation Limited, Beijing 100081, China;
2. Hubei Key Laboratory of Construction and Management in Hydropower Engineering,
China Three Gorges University, Yichang 443002, Hubei, China;
3. State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, Hubei, China)

Abstract: Due to the deficiency that dynamic processes of rock blasting and rock failure zones around a blasthole are not
simultaneously considered, the explosion load history of rock blasting considering rock failure zones and its reliability were
investigated. Combining theoretical solutions of the dynamic processes of rock blasting and the rock failure zones around a
blasthole, a theoretical formula of the explosive load history considering rock failure zones was derived, and a comparison was
made between the derived explosive load history and a measured explosion pressure curve inside a blasthole. Both the field test
on an ideal site and the numerical simulation including three explosion load conditions of single hole blasting were carried out,

and the field and numerical results of blasting vibration were compared. The results show that the explosive load history
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considering rock failure zones consists of an ascending stage and three attenuation stages I, II, and Ill, among which the
ascending stage lasts for an extremely short time, while the attenuation stages last for a long time and are controlled by the
stemming conditions. The change tendency of the calculated explosive load history considering rock failure zones is consistent
with that of the measured explosion pressure curve, indicating the reliability of the explosive load history considering rock
failure zones. The numerical results of single hole blasting vibration waveforms under the theoretical explosive load condition
are consistent with the filed results, and the deviation ratios between the calculated peak particle velocity (PPV) results under
the theoretical explosive load condition and the field PPV results are the smallest, most of which are within 7%, indicting the
explosive load history considering rock failure zones has strong reliability. The explosive load history considering rock failure
zones can be adjusted as the rock blasting system changes, and it has wide adaptability and good application potentials. The
research results may help provide a theoretical basis for realizing efficient and accurate calculation about rock blasting.

Keywords: rock blasting; explosive load; theoretical formula; failure zone; rock breaking process
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(a) Detonation wave (b) Dynamic expansion of (c) Crack propagation and (d) Funnel formation and
propagation blasthole cavity stemming material fragment throwing
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Fig. 1 Dynamic processes of rock blasting
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Fig. 10 Blasthole layout for single hole blasting test
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Fig. 11 Charge configuration for single hole blasting test
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Table 7 Blasting parameters for single hole blasting test

JfLEAR/mm JEALI B /m HALIA/(°) 24 A%/ mm PR /m AL 2k HEER E/m

115 9.5 90 90 45 30 5.0

(a) Blast-UM blasting vibration (b) On-site arrangement
monitoring system

P12 RSN I R 5t

Fig. 12 Blasting vibration monitoring system
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Fig. 13 Layout of blasting vibration monitoring points
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Fig. 14 Blasting vibration waveforms at monitoring point M3
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Fig. 16 A numerical model for single hole blasting
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