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Study on Dynamic and Static Coupling Optimization of Mining Parameters for
Deep Underground Metal Mines Under Blast-Induced Dynamic Disturbance
Shi Xinwei
(Hebi Vocational College of Energy and Chemistry, Hebi , Henan 458030, China)

Abstract: Deep underground metal mines are subjected to the long-term superimposed effects of high in-situ stress and cyclic
blast-induced dynamic disturbance, making the surrounding rock prone to stress concentration, cumulative roof settlement,
and intensified vibration response, which threaten stope stability and production safety. Existing mining parameter designs
mostly rely on engineering experience and struggle to balance stope stability and production efficiency. To address this issue, a
dynamic and static coupling optimization method for mining parameters was proposed to synergistically regulate factors such as
stope span, pillar width, filling height, and explosive consumption. Dynamic response simulations based on a three-dimensional
numerical model and field comparative verification were carried out. The results show that after the coordinated parameter
optimization, the peak particle velocity (PPV) at a near-field distance of 10 m decreases from 31.3 cm/s to 14.5 cm/s, and the
peak displacement of the bottom structure reduces from —0.64 cm to —0.18 cm. Within 24 hours after blasting, the mid-roof
settlement droppes from 9.8 mm to 4.1 mm. and the height of the plastic zone extension in the roof decreases from 8.6 m to 5.1
m. These results demonstrate that the proposed parameter optimization method can effectively mitigate the effects of blast-
induced disturbance, improve the stress state of the surrounding rock, and enhance stope structural stability, providing reliable
optimization ideas and technical support for safe and efficient mining in deep mines.

Key words: Blast-induced dynamic disturbance, Deep metal mining, Dynamic and static analysis. Mining parameter optimization

Sy KRS ¥ AR I R IE 5ok s KRR 45 8 )

G B A S A RCR T R R

B 6 R TT R AW, e & m e hm AR BrllR S R R A S R RE R A

e B el R ) 5 5 R B PR 05 H B A % R Bl e SEBUACOR B RE 2 18] A7 16 5 A 5 DG I L S BRI T
Bl o B 5 B AR R SR M R AR G AR, TR S AR R A Y SR A8 S B0 O ki

0 5%

* W iR B H#A:2026-02-03
BB A E AR YOI H (152102210278)
EE BN I (1993, B W pg S BE L, PEIT, EZ NG L T 124 P58 . E-mail: shixinweil123@126.com



T A BOBREI ARG RFRT2ET RELALDH BN R[] F LR E FFX,2026,46(8). 31

KR FRES S UTAER [ A A2 35 B 58 R S 1 T 3
WAL R IR AL B R S RO AR T 8 T R At
J . ZHEREBEDL AT 4R i s R A A RO RE T L
BA W5 22 LA 1 0 B O 3, X LA S e 47 25 4 1l 7
A AL B0 A A R A L T 3 1 & B R
RIS B ST R B 3 i L 23 A, (H 220 3
TR BEAT T AL AL B, R SR BT R X
Je FEBUAR G G B R — IR AL L, S BT B 46
BRI R TALRI W& BEA T S Ak A R
SRAACHT 5T 2 DL — R0 L6 b sl 22 50 ) 4 O K
B o 1 AR L gl g ) L A A% 0 2 R 2 2 KL
FIDE AL AR, R A e g2 T

DRI A BF 5 2 HE — Fof o i A5 1 2 7 8 30 1 TR
RIS RS w IS AT . %07k DL =M
[ty 2 — AR B AR R g i 0, ST IR 25 4 A
ARG R X R BRSO AL R 1A .
A 5 A 0 A5 20 s A A 5 B L R
ST % 220 R HIE Bl A TR R AR L e
0 G IKE S PR S R A 5 e s A L G DIV (e A )|
HZ SRRV R 2 SEBR 85 B R E
FEIFC BT PR AR S S B R A L . ESE
L5 R AT B TR e MU L ) BRI T SR M S A BT
1 7 58 R B B i A DR AR L O B L2 A R Ak
AT AL TT RS AR STHE

1 FRBREBHERT T &

A5 e UL T BE AT P4 5 53 2 O R XA A 5
X4 A PR R R R R A 5 A B BE 1
TR L R, B A LR PR R R G AT Ll A T SR
AR, BB X RS o T — 540 m B, 3R
PR 294280 m, JFRRAE L 820 m, B #E AT
RAEWE . 5 L% X 2 = ) ) v
e 2 4 P A B0 41 22 400 3 119 36 1) 45 T 58 5 Hh B
A CTOUAR UL e B2 JR) T SR DX A R R A 0 i o
i S DRFR R S ARAE . B A TRl o A S8 B R L
o H I I RS AR S S e b A 5 R
VaNWAE SRSk PR S RPO PSR Skl K (B A g
SRS . B 1 R R 23 B =S i i J 58 BOR B
R R I W R L TR = R AR R
LR R B AE S RO SO E A 7 50 AR
SE T B AR TR 4 ] AR 5 0 W B v K P
P, A R T ZHERT xR GEHS S
BB EOT RGN T LR G L 2TES

AR BB T Sy W SR i 15 B0 14 4 1 4
KRG L A, B 1 a5 X LR 37 1 [m]
KT 3 2 R ERIUF Q& 1 Bz (B bn R L

—FhF
JRiBFFR

S
40 m 40 m

R
0m40m40m40m 40m 40m 40m 40m  PFIRERIELLIGEFF

1 & RiFHEXRIEF

Fig.1 Schematic of the mining sequence of each stope
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Fig.2 Schematic of bottom structure and blast-hole layout
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Fig.3 Numerical calculation grid model
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Fig.4 Flowchart of numerical calculation
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Fig.6 Schematic of the dynamic and static coupling optimization process for mining parameters
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Fig.7 Maximum principal stress cloud maps of the stope under different working conditions
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Fig.8 Displacement-time curves of measuring points under different working conditions
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Fig.10 Comparison of blasting dynamic response and cumulative post-blast settlement
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Fig.11 Comparison of structural response and stability of the surrounding rock
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