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Blasting Parameter Optimization of Underground
Fan-shaped Medium-deep Holes based on Crater Test

XIONG Guo-xiong' ,LIU Tian-hao® ,YIN Dong-sheng' , YANG Yu-min® ,SHI De-hua'
(1. Tonglushan Cu-Fe Mine,Daye Nonferrous Metals Co, Ltd , Huangshi 435000, China;
2. Faculty of Engineering,China University of Geosciences( Wuhan) , Wuhan 430074, China )

Abstract: Under the deep geostress environment, ore-rock masses exhibit distinct mechanical properties and
fragmentation characteristics that markedly differ from those observed in shallow deposits. To optimize the blasting
parameters for fan-shaped medium-deep holes in the deep stope of Tonglushan Copper-Iron Mine, crater blasting tests
were conducted at the 9428 stope of the —485 level,following a comprehensive analysis of the ore-rock mechanical
properties at this depth. Optimized medium-length hole blasting parameters were systematically derived from a thor-
ough analysis of crater morphology and specific explosive consumption characteristics, with subsequent industrial-
scale trials confirming their technical validity and operational feasibility. The research findings demonstrate that the
rock mass integrity coefficient of the skarn in the 9428 stope of the —485 level at Tonglushan Mine measures 0. 39,

classifying it as relatively fragmented according to the Standard for Engineering Classification of Rock Mass. Single-
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hole carter blasting tests revealed optimal parameters including ; charge center burial depth(0.400 m) ,critical burial

depth(0.898 m) ,strain energy coefficient(1.69 m/kg"*) optimal burial depth ratio(0.445) ,optimal crater radius

(0.461 m) ,and optimal crater volume (0. 014 m ). Subsequent double-hole and inclined bench crater tests deter-

mined an optimal hole spacing of 0. 809 m and a minimum crater burden of 0. 740 m. Applying blasting similarity

theory to production-scale fan-shaped medium-deep holes(64 mm diameter) ,recommended parameters include ; hole

bottom spacing(1.3 ~1.6 m) ,hole mouth spacing(0.8 ~1.3 m) ,and row spacing(1.1 ~1.4 m).
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Table 1 Physical and mechanical parameters of mineral rock
HEEG S W PR P75 SRR HEE /N AT B
Rock sample Density/ Compressive Tensile Elastic Poisson’s  Longitudinal wave velocity
numbering (g+em™) strength/MPa  strength/MPa ~ modulus/GPa ratio of rock/(km - s7")
1 2.52 34.86 2.31 27.85 0.28 3.62
2 2.87 38.52 1.89 30.12 0.26 3.78
3 2.63 33.79 2.08 28.33 0.31 3.55
4 2.74 36.45 2.12 29.67 0.25 3.83
5 2.91 37.93 1.92 30.55 0.23 3.67

®2 EWEEMNRER
Table 2 Results of rock mass wave velocity test

- AR P
WA TR o .
Longitudinal wave velocity
Test depth/m o
of rock mass/(km +s™)
0.2 2.20
0.4 2.35
0.6 2.10
0.8 2.40
1.0 2.50
1.2 2.05
1.4 2.57

3 RIEMR G

3.1 RICHTIRAR R <HE 1S

20 t4g 50 454, £ EF%E C W Livingston i 13
RGP LR AR T LR
P MAZ O MG T - B HESE . BB R , K
2Rl ) A A L s BOR R N2 SR M R 2 BT i DA
Foa AT 2 R AL A E TR 4521 . NRE SR A% 18
PRAR AT, TE DR 25 AL R R 19 25 1 T TR e 2

i, SRR 2 TR AR MU 2 R, —E A
RER LB ROR I AT SR
It PR R R K W AR BE R BT AU

L = EQ” (2)
Lj — AjEQl/3 (3)
L
= 4
T @
S L, WG s L, e EHLYR B R

REREL Q NIRRT A, MR AL (A, =
L/L,).
3.2 HrESmREHAR

FR s <1120 37 b 1 25V 5 S PR R LR R
Gt A AR, MRS S b FE A % 1L T — 485 m
B 9428 Ry, AMENRY KA, R YT-28 AIR
S A HLUE TR AL, B L EAR A 0. 04 m, T A5 1H
BEEN . AHAPMALIEIEE 2 m, FLIR 0.3 ~0.8 cm, #%
0.1 m#E¥, Bl0.3m0.4m.0.5m.0.6m.0.7 m,
0.8 m, 33t 6 AL, ML R 5 Fos , AT
PR , 3 e A AR A

BALSE RS , R A RO 2 SE BRI LR BE X Hf
FLAYEREE AT 50 , B P e 0 v A 1 o 1K B
Ve A IR M i I 25, BB K 22 em, HAR



FA3E 1

AR R b, MR, FHARTE, A ST AR <1 1 i) T B P IR LR S AL I 5T 103

3 em, HiE 150 ¢, R TR R, BT 9 SL
JERRR , fLI B AL B TR AR 6 FR

Il 2000 40

Side of the alley m :u:

I

(a) IEPLIE

(a) Front view diagram

500 |

FLB
Hole depth
i 300 800 400 700 500 600

Side of the alley. I [ I 1 I

1# 2# 3# 4# S5# 6#
8 9428 Mining area roadway
S 9428 %35 51
HIEH T Side of the alley
(b) P

(b) Plan view diagram

K5 LR S g LA B (A mm)
Fig. 5 Blasthole layout for single-hole

blasting crater test( unit; mm)

(b) P kA AL IR E

RIS SE U , 1R T <1 J FEAA B 7R T Pl e T
SR DA AL oL, LB 45° B8 AN [ J5 £
AT <A BOHAP R i 2242 . A 100 mm
x 100 mm {60 5 7 5 R BRI , 40K Ve IO A7 1Y)
A% R AT SR BE AR S AR AT SRR 2
B R A
S, = ?[(Yo +Y) +2(Y, + YV, 4+ + Yy + ) +

4(Y, + Y+ Yy, +0) ] (5)

XS, Syl sk WA, (i=1,2,3-+) 5B

IR, B =01 my Y, S5 i mOM s 1 IR B
SR AW U | $ibe f5 AOR AR ARV

= g[(Sl +S8,) +2(S, +S, + -

Z{ Vit S ] (6)
ot FLFL AR BB U S| IR 45 R AT BRI I i, &%

+Y, +-) +

ULE% 30 THAR G 45 5 0 7 25k, I MR 90 T A5 B s
GG /N TR G IR U SRR B R 5 SR
7 Fi7R o

(d) #3250 e) 8 5 s <} 115 Rl (f) W2 5 <} S84
(d) Loading (e) Delineating the (f) Measuring the

explosive charge crater range crater parameters

K6 AL S g

Fig. 6 Single-hole blasting crater test procedure

(a) B 98 42 £L c) M 25 R~
(a) Drilling blasthole (b) Measuring (c) Measuring explosive
blasthole depth charge dimensions
o I S — AWK
0.016 Measured values from field test Fitting curve

3

S AR /m?
Blasting funnel radius/m
(=] (=] (=) (=) (=]
(=] (=3 (=) (=) (=]
(=) (=) — — —
& ® o N »

V=0.382L-0.715L7+0.398L°-0.050 .
R’=0.835 (J

0.004

0.2 0.3 0.4 0.5 0.6 0.7
24 H L B /m

The burial depth of the center of the medicine package

(a) V-LHRE fh £k

(a) V=L characteristic curve

Al 7

8 G RENE

Measured values from field test

— BAHE

Fitting curve

0.50
[ ]
0.45

0.40

035

SRR L 2E AR m
Blasting funnel volume/m

V=6.669L-12.30L’+6.770L°-0.672
R’=0.819

0.30

0.2 0.3 0.4 0.5 0.6 0.7
24 LR /m

The burial depth of the center of the medicine package
(b) R-LFFIE M 2%

(b) R-L characteristic curve

BRI S R R S

Fig. 7 Single-hole blasting crater test data and fitting



104 v 2026 4£3 H
®3 BIBWREHAEER
Table 3 Results of single-hole blasting crater test
HALGS  BOTLIR SOALEE b0 R S T OO R R R AR B 2 AR AR
Blast hole Design hole Measured  Charge center Blasting crater Blasting crater ~ Blasting crater Unit explosive blasting
numbering  depth/m hole depth/m burial depth/m  visible depth/m radius/m volume/m’ volume/ (m® + kg™")
1 -A 0. 300 0. 340 0.235 0. 070 0.320 0. 006 0.048
2% -4 0. 400 0. 450 0.310 0. 065 0.410 0.012 0. 085
3* -4 0. 500 0. 540 0. 460 0. 060 0. 490 0.014 0. 120
4% - A 0. 600 0. 690 0. 560 0. 070 0. 360 0.011 0. 050
5% -4 0. 700 0. 740 0. 650 0. 040 0.330 0. 003 0. 020
6" -4 0. 800 0. 820 0.715 0. 050 0. 300 0. 002 0. 030
1 -B 0. 300 0. 366 0.251 0. 060 0.338 0. 008 0.058
2" -B 0. 400 0.420 0. 340 0.075 0. 396 0.010 0. 061
3*-B 0. 500 0.570 0. 430 0. 050 0.478 0.016 0. 094
4" -B 0. 600 0. 678 0.588 0. 060 0.386 0. 007 0.070
5*-B 0. 700 0.764 0. 634 0. 050 0.318 0. 007 0. 046
6" -B 0. 800 0.812 0.697 0.040 0.288 0.006 0.024
AL Sl b R AR V 525 GREAR R 0. 461 m, s AR AR R Y, O
G L, VL kA2 R 52 L ZEE 0.014 m’,

HYEERE v wil )
V =0.382L - 0.715L% +0.398L° -0.05 (7)
= 6.669L — 12.301L% +6.77L° —0.672 (8)
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Table 4 Results of double-hole simultaneous blasting crater test

N T N B KE LR
S AL JSLIRIEE 2GR R AR . . b
. Unit explosive 7E LR
Blast hole Blast hole Charge center  Blasting crater . .
. . ) s blasting volume/ Result description
numbering spacing/m  burial depth/m volume/m’ (m' - kg")
m’ - kg

HEE S RILE N S
T#H~8# - A 0.200 0.500 0.080 0.290 The crater formation is small, and the

fragmentation size is uniform

o# ~10# — A 0.410 0.490 0. 140 0.450 IS R AT B R R
11#~12#-A 0.610 0.495 0.170 0.520 The crater formation is good, and the
13# ~ 14# - A 0.780 0.525 0.195 0.650 fragmentation size is uniform
156 ~16#-A  1.010 0.500 0.150 0.545 Ui S AT R 77 Kb

There are spines between the craters ,and
17# ~18# - A 1.200 0.515 0.115 0.415 large blocks exist

HER S RILE NS S|
T#~8#-B 0.220 0.514 0.104 0.324 The crater formation is small, and the

fragmentation size is uniform

o# ~10# - B 0.400 0.516 0.122 0.424 I3k R RV T | e 1)
11#~12#-B 0.604 0.505 0.158 0.506 The crater formation is good, and the
13#~14# - B 0.810 0.511 0.183 0.636 fragmentation size is uniform
I5#~16#-B  0.996 0.524 0.164 0.529 T Sh LA AR AR
There are spines between the craters ,and
17# ~18# - B 1.220 0.495 0.129 0.399 large blocks exist
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Table 5 Results of inclined bench blasting crater test

WLgns  SEALEE SRR ARG RKE ey WIERE  ByIMikbiZ

Blast hole Measured hole Measured tilt ~ Charging Charge Stemming Minimum

numbering depth/m angle/° length/m quantity/kg length/m burden/m
19* 1.950 33 1.540 1.050 0.410 0.753
20* 1.980 35 1.540 1.050 0.440 0.726

FRHIAT 75 AR A5 <1 1 4 R TR 220 4%
P I R S| fe/MIRPTZC 0. 740 m

4 BWSHMRL
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