Ha3E HE3W ok Vol.43 No.3
2026 49 A BLASTING Sep. 2026

doi:10.3963/j. issn. 1001 —487X.2026. 03. 008

Z R BT R IR 15 7 %2 Wi 7Y
i HEREMELEHR
KAF BEEF OB BEELS £ RE RRH AR

(1 HEVCH I BE PR R = BRI ST (AL50) A BRZA R, A5 100048 2. Kty AR W X /K 55 J7 , K HE 3003005
3. BDUR S AR BHIE T AR 5 8] B 4 e o S, T 430072
4 RAITREEBE KA + 05 5 TR G S %, i 430010)

 E: "TRTHFLEERREITRARE LB TR BGFERRSMG = E, A THERGRE &
ZAENASRTHREFR, L TR, BFTHEREABRG Y r EMG LA TEL 7 AR EZ R &
FRER,FONT LRGN T ARG R LTEL KRB HRHEGRIE, AEF K 20 mx80 m x80 m
FAREM A AT EALIES S €09 EF LK 08 A4, KA ANSYS/LS-DYNA # 5 5 % b iR LR s A,
sHHC R B AR S 25 ms S0 ms M ERBF I AT HFT ERG ERSm L, ZREAA . RNRERLE K E
In S BB RETE A~ m, M ZRBTHTGREBEIREL 3 ~3.5m(25 ms) #2252 m(50 ms),
#—F 423850 ms 18] FB A% E FRACAIBNTG " 8 465 £, B A B R AHR 8 B ERER T 5 E R
HBALB B FHBGREEE L ~ 1.5 m, 5 AR EEALR S IR 16. 6% , 7T 4 5 AL 5% F %3 5 B 4

TR BRBESE
KR BEBYG; 7 H5F AR BB By FHRA
HmESES: TD235.3 MERARIRED: A XEHS: 1001 -487X(2026)03 -0078 - 10

Study on Pillar Stability and Control Strategies Incorporating
Blasting-induced Damage Effects During Stope Excavation

ZHANG Xiang-yu' ,HAN Hua-ye’ ,YAN Peng’ ,YANG Zhao-wei'
LUO Sheng® ,XU Meng-yu' ,WU Jia-yao' ,ZHU Yong-sheng'

(1. Yajiang Clean Energy Science and Technology Research(Beijing) Co. ,Ltd. ,Beijing 100048 ,China;
2. Dongli District Water Bureau, Tianjin 300300, China ;3. State Key Laboratory of Water Resources
Engineering and Management, Wuhan University, Wuhan 430072, China ;4. Key Laboratory
of Geotechnical Mechanics and Engineering of Ministry of Water Resources , Changjiang

River Scientific Research Institute, Wuhan 430010 , China)

Abstract: Given the substantial explosive volumes and charges involved in underground room-and-pillar mining

%5 B £A ( Date of reception) :2025 - 06 — 19 ¥ 4% & % H #7 ( Published online) :2026 —09 - 15

YEE R ST (1996 — ), I3 A, 320 DS T30 Ik ) AR 8t T B v B XU 42 o) 5 TT A5 , (E-mail) zxywhu@ whu. edu. en,,

B G181 - ) |50 H% F-E2 SO, MR €190 1120 5 TR 9L, E-mail) pyanwhu@ whu. edu. en,

ESTE KGR TR 8 B4 w9000 2 FF o oE 54 (20258GG08 ) ; [ 5% H 4R R 464 (NO. 52379108 ,52509179)

About the author. ZHANG Xiang-yu( 1996 — ) ,male, Ph. D, specializing in rock dynamics and engineering blasting, ( E-mail ) zxywhu@ whu. edu.
cn.

Corresponding author: YAN Peng( 1981 - ) ,male, professor, doctoral supervisor, specializing in rock dynamics and engineering blasting, ( E-mail ) pyan
whu@ whu. edu. cn.

Fund Programs: Open Research Fund of State Key Laboratory of Water Resources Engineering and Management(2025SGG08 ) , National Natural
Science Foundation of China( NO. 52379108 ,52509179)



H4a3E H3H

SRERT w7 WG, AE B IEAT B R AR 4 R M A BT AR E 1 B RS

79

operations , blasting-induced damage to retained pillars becomes severe, compromising structural integrity and poten-
tially triggering catastrophic failures. This study established a mathematical correlation between necessary pillar safety
width and height while accounting for blasting damage effects, revealing how conventional designs that neglect such
damage may dangerously overestimate both pillar dimensions and load-bearing capacity. A 20 m X 80 m x 80 m pillar
structure from a representative mining area was taken as a case study. Utilizing parameters derived from laboratory u-
niaxial compression and Brazilian splitting tests,an ANSYS/LS-DYNA model of fan-pattern long-hole blasting was
developed to analyze pillar damage and vibration characteristics under simultaneous initiation versus millisecond-de-
lay initiation(25 ms and 50 ms) . Findings reveal that simultaneous initiation causes stress wave superposition , resul-
ting in unilateral damaged depths of 4 ~5 m, while delayed initiation reduces damage to approximately 3 ~3.5 m
(25 ms delay) and about 2 m(50 ms delay ). Additionally,a practical implementation scheme is proposed that com-
bines a 50 ms interval delay with an optimized detonation sequence. This approach prioritizes creating localized free
surfaces to direct energy dissipation toward excavated voids,reducing average surrounding rock damage depth to 1 ~

1.5 m while decreasing pillar surface peak vibrations by approximately 16. 6% . These findings provide practical

guidance for pillar-width design and blasting damage control in room-and-pillar mining operations.
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Table 1 Rock mechanics parameters in mining areas
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Nurmb Density/ Compressive Tensile Poisson's Elastic
Hmber (kg-m™) strength/MPa  strength/MPa ratio modulus/GPa
1# 3590 127.1 5.86 0.212 51.67
2# 3560 149.6 13.21 0. 160 73.83
3# 3570 155.3 5.89 0.192 88.74
44 3450 145.6 4.86 0. 196 76. 80
S# 3550 189 6.18 0.224 91.57
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Table 2 Blast hole parameters
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S FLAT A
Blasthole inclination angle/° 40 48 56 64 72 80
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Table 3 Explosive parameters
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Table 4 The parameters of numerical simulation

P ZHOUE 2% SRR 2 SHORE

Parameter Parameter Parameter

Parameter . Parameter . Parameter K

value selection value selection value selection

P 3544 kg/m3 G, 0.53 Q, 0. 68
A, 80.63 GPa G, 0.7 B 0.05
A, 98.34 GPa f. 153.32 MPa B. 0. 009
A, 20.67 GPa A 0. 047 B, 0.012
B, 1.22 A 0.21 D, 0. 04
B, 1.22 G 32 GPa D, 1.0
T, 80.63 GPa A 1.32 A, 0.25
T, 0.0 0. 65 N, 0.62
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