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Study on Brow Protection Technology for Upward
Medium-length Hole Blasting in Underground Mines

GU Ya-zhou ,SHI Xiu-zhi ,HUO Xiao-feng ,QIU Xian-yang ,WANG Yan-hai
(School of Resources and Safety Engineering, Central South University , Changsha 410083 , China)

Abstract; In the process of upward medium-length hole blasting in underground mines ,the damage of surround-
ing rock at the brow is mainly caused by the blast of the last row of blast holes. The angle of blast holes, the length of
air decking and the spacing of blast holes are important and easily adjustable blasting parameters that affect the con-
trol effect of the brow. To ensure the integrity of the brow and the safety of the blasting working face ,the optimization
of these aforementioned blasting parameters are studied. Taking the blasting in the underground stope of Tonglushan
Mine as the engineering background, the blasting numerical models with different blast hole angles, air decking
lengths and blast hole spacings are calculated and analyzed by the blasting crater theory and LS-DYNA. The calcula-
tion results show that the smaller the blast hole angle is,the better the integrity of the rear brow is protected. The air
decking can effectively reduce the brow damage. When the hole spacing is 1.0 m, the smooth brow contour can be
ensured. Considering the control effect of brow and the site conditions, the optimal blast hole angle,the optimal air
decking length,and the optimal blast hole spacing are determined as 80°,0.6 m and 1.0 m,respectively. According
to the analysis results,the field blasting tests were carried out in Tonglushan. The field results show that the integrity
of the rock mass in the brow region,roof and two sides are good,and the rock damage is minimal. Besides ,the blas-

ting fragmentation is uniform,and the blasting effect is positive.

I H #1:2022 - 06 - 14

ERET AWM (1996 - ), B, LB E , NERT 5B W RBT , (E-mail) 598930306@ qq. com,

EIRAEE: B FEE(1966 - ), B, R ELERM, NERT SRLEFHHBTE 52 TAE, (E-mail) baopo@ csu. edu. cn,
ESWH : BR 8 AP E 4 (51874350,52004329)



F39% FA4H AUM LFE, EREF HTY L R PRIVEBEERBLRRP AP 63

Key words:

SrECH A W R FEERA B E AT IR AT
B BRI P ot 4 2 B R R T
B ER BB TR B 8. TLIRTE MR RR L F7 3P 58
T, BREAE B Z BB M W, BRI RERSE
HRMERFBBAMRANERERER, BRTZS
BASHERERRY , T4 m8%8FH
R, BABIAN L EIRERRBRSHCR S, il
RHRMA, LD RERRE R T, 5 EREOR, 2
T AR JE HEB L sh R B . JERBIN™
ERMI T R—URMAE L TR R e, TR
WIa S L2 ERE A REMR , & ZRBEEHXHE
ST RAR Y

W SO R AR R R AL R
BRI VAT 77 36 R I B 40 B R B3R IR B 4]
BRI R RHE™, (AR, LR
JBLR WA 5 T LR S B F R R
HE Y, R BRI RE: X &7 KRG /E
SIREOLINE 1 i, AR B L B
B FER  RAER SRS EE, HRLR
FAPAZEIRME , i IR R MR 25 &, 7L D 30482 20,
MLEKEZEEE , MR E L

Bl 1 Ry REELBIAEL
Fig. 1 The damage of the brow line in a gold mine stope
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Fig. 2 The damage of brow line in Tonglushan Mine
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Fig. 4 Mechanism analysis for blasting crater at the
orifice of blast holes with different angles
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Fig. 5 Diagram of air decking action
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Fig. 6 Diagram of blasting crater

with or without air decking
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Fig. 7 Blasting crater for the adjacent

blast holes without air decking
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Fig. 8 Blasting crater for the adjacent
blast holes with air decking
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Fig. 9 Numerical model for blast hole

angle optimization ( unit:m)
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Table 1 The parameters of explosive material
BEp/ (kg-m™?®) BED/(m-s') BEPGPa  A/GPa B/GPa R, R, o E,/GPa
1200 4500 7.62 326.42 5. 8089 5.80 1.56 0.57 2.6728
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Fig. 10 Rock damage for lateral blasting with different blast hole angles(z =0.7 ms)
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Fig. 11 Outline of the rock damage zone at

the brow region for the five schemes
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Table 2 Length of the rock damage zone at the brow region for the five schemes

LES FR—  HRZ  HR=E  FHRE  FRE
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Table 3 Ratios of broken rock in the excavation zone for the five schemes

LES FR—  HRZ  FHR=E  FRE FRE
HFLARE/ (°) 90 85 80 75 70
FER B/ m 4.2 3.8 3.4 3.0 2.6

TSR A EmAELA/% 8.1 82.1 82.0 85.8 88.5
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Fig. 12 The schematic illustration of stemming
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Fig. 13 Numerical model for the length
optimization of air decking at the orifice ( unit:m)
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Fig. 14 Rock damage for lateral blasting with different air decking lengths(z =0.7 ms)
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Fig. 16 Monitoring point layout for hole spacing optimization
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Fig. 17 Rock damage for lateral blasting with different hole spacings(t =1 ms)
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Table 4 Peak pressure at the monitoring
point for each scheme

BN RN ER I H/ MPa
FIEE/m  WilE A WA B WA C  MWAD
a=1.4  38.11 64.30 76. 36 101. 74
a=1.2  41.05 74.10 94. 89 106. 59
a=1.0  52.13 94.72  140.00  165.90
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Fig. 18 Charge design for the lateral blasting( unit:m)
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