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Evaluation on Rock Mass Blastability of Deep Hole Bench
Blasting in Changtan Open-pit Mine based on CWM and CM
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(1. Faculty of Engineering, China University of Geosciences( Wuhan) , Wuhan 430074 , China;;
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Abstract; 1In deep hole bench blasting, the classification of rock mass under different geological conditions ac-
cording to its blastability is the premise for determining and optimizing blasting parameters. It is of great significance
to improve blasting efficiency and effect and reduce blasting costs. Combined with the actual blasting excavation of
Changtan open-pit coal mine, relevant indexes of rock mass blastability classification were obtained through on-site
single-hole blasting crater tests,rock mass acoustic wave tests and laboratory rock mechanical tests. Furthermore , the
blastability of stripped rock mass in Changtan open-pit coal mine was classified and evaluated based on the combina-
tion weighting( CWM) and cloud model( CM). The results show that the blastability of gray-green coarse sandstone
at the 1130 platform is grade [l ( medium). The blastability of yellow-green medium sandstone at the 1115 platform
is grade I (more difficult to be broken by blasting) . The blastability of purple-red sandy mudstone at the 1100 plat-
form is grade | (difficult to be broken by blasting). The blastability of purple mudstone at the 1145 platform is
grade Il (medium).
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Table 1 Physical and mechanical properties of different rocks

HOKA HFBE/ (kg m) WE/(kg-m)  HREIPURIRE/MPa  NEEEM/(° ) BEERIJI/MPa RQD {H

WA 2660 ~ 2670 2320 ~2550 16.2 ~32.7 — — —
W i 2620 ~2630 2260 ~2324 4.8~22.4 33941’ 6.0 48 ~69
ik 2565 ~3050 2117 ~587 8.1~49.9 22°46' ~39°14' 2.4 ~16.7 51 ~8l
b 2618 ~2950 2140 ~2430 28.4 ~45.5 25°19' ~31°46'  4.7~15.4 72~86
i 2596 ~2930 2310 ~2546 14.5~62.8 4°46' ~28°25’ 12.9~23.2 71 ~91
Wb 2590 ~2790 2480 ~ 2500 22.9~48.1 25°32' ~36°15"  11.8~12.3 73 ~92
Lo = 2566 ~2790 2360 ~2730 7.0~123.2 15°22" ~29°42’ 9.8~20.3 48~96
W BORS +- % 2700 ~ 2840 2440 ~ 2500 9.9 ~25.5 — — 53 ~82
ey 2282 ~2920 2224 ~2680 4.8~107.7 17°55' ~34°55' 7.3 ~11.4 46 ~91
Ui nb=y 2590 ~2720 2460 ~2670 4.1~39.7 — — 69 ~85
VeI 2670 ~2746 — 11.4~20.3 — — 69 ~ 85
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Table 2 Density test and calculation table

wiE IR&x S e ulilirs: Sy Laaen
PS5 1 2 1 2 1 2 1 2
e M/ g 136.94  137.30  142.89 141.48 146.84  145.07 136.71 138.02
AV em® 58.9 58.9 58.9 58.9 58.9 58.9 58.9 58.9
W p/(g - cm ) 2.325 2.331 2.426 2.402 2.493 2.463 2.321 2.343
BB/ (g - em ™) 2.309 2.414 2.478 2.332
FA PR R f,/MPa 36.7 42.8 65.2 31.6
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Fig. 2 Acoustic wave test
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Table 3 Statistical table of acoustic wave test results

wemw Atk V,/(kmes7V), /(km-s7h) K,
B—IK RGOS E  3.834 2.543 0.44
TR EGEThEE 4313 3.396 0.62
FEWCERAab s 30191 2.646 0.69
Uk Laalen 3.112 2.222 0.51
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Fig. 3 Schematic diagram of blast hole charging structure
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Blasting effect of crater tests with 0.8 m hole depth at each platform

A7 0.39 m, SRR 1 AR 0.49 m? b jii e
ZMFER 0. 61 kg/m® . 55 VI B R I S 5
G 0. 34 m, SRR AT 0.39 m® X
HEZRAER 0.77 kg/m’ . 55 = YOI B0 B T <) ik
HEHG R 0.50 m, AR F RN 0. 24 m* 3
B FEREVR N 0.58 m, LRI SR BL 0.36 m”,
X R A2 BAAE N 0. 83 kg/m’
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Table 4 Statistics of field test results of blasting crater
TR Hb LR Eﬁfiqu{) VI H A Wk WbEE TRHAR ﬁﬁfﬁq{ Eﬁfﬁi@é@ﬁ%ﬁ?
Btk D/m  HYE L/m r/m W/m V/m'  (kg-m™?) KRBV (m' - kg™")
0.4 0.26 0.271 0.73 0.43 0.2800  1.0720 0.9330
0.5 0.36 0.375 1.01 0.46  0.4900  0.6170 1.6210
1130 T4 0.6 0.46 0.479 0.92 0.45 0.4460  0.6730 1.4870
CRGEMDE) 0.7 0.56 0.583 0.78 0.50 0.3760  0.7980 1.2530
0.8 0.66 0.688 0.68 0.55 0.2830  1.0600 0.9430
1.0 0.86 0.896 0.72 0.60  0.2640  1.1360 0. 8800
0.4 0.26 0.302 0.78 0.42  0.2700  1.0700 0.9330
0.5 0.36 0.419 0.84 0.52  0.3900  0.7600 1.3120
1115 P4 0.6 0.46 0.535 0.71 0.55 0.2985  1.0050 0.9950
(HEROHLE) 0.7 0.56 0.651 0.51 0.50 0.2524  1.1890 0.8410
0.8 0.66 0.767 0.57 0.55 0.2177  1.3780 0.7260
0.9 0.76 0. 884 0.57 0.50  0.1572  1.9080 0.5240
0.4 0.26 0.271 0.52 0.42  0.1200  2.5000 0. 4000
0.5 0.36 0.375 0.61 0.51 0.1900  1.5800 0.6330
1100 -4 0.6 0.46 0.479 0.80 0.30  0.2274  1.3190 0.7580
(RLEBIRE) .7 0.56 0.583 0.72 0.39 0.2456  1.2210 0.8190
0.8 0.66 0.688 0.54 0.18  0.1623  1.8480 0.5410
0.9 0.76 0.792 0.29 0.08  0.0915  3.2790 0.3050
0.4 0.26 0.342 0.32 0.34  0.0360  8.3300 0. 1200
0.5 0.36 0.474 0.48 0.49  0.1050  2.8600 0.3500
1145 -4 0.6 0.46 0.605 0.67 0.43 0.2030  1.4756 0.6777
(RLLEPR) 0.7 0.56 0.737 0.73 0.40  0.3533  0.8491 1.1777
0.8 0.66 0.868 0.34 0.31 0.1428  2.1008 0.4760
1.1 0.96 1.263 0.31 0.17  0.0292  10.2740 0.0973
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Table 5 Standard table of rock mass blastability classification

SOgEE | RhmEp | DUREE | SRR e ol ‘
ﬂﬂ@? Ceoem ™y LMPa (kg ") %&V: IR
I % 3.3~3.6 110 ~ 150 1~1.5 0.75 ~1 Wb
I %% 3.1~3.3 90 ~110 0.8~1 0.55~0.75 s W
1 2% 2.8~3.1 70 ~90 0.6~0.8 0.35~0.55 4
V4 2.5~2.8 50 ~70 0.4~0.6 0.05~0.35 L2
V2% 2~2.5 0~50 0.2~0.4 0~0.05 S f
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Fig. 5 Characteristic curve of blasting crater
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Table 6 Relative importance score table of each index

HOABEp/(g-em™)  PURRE [, /MPa  KEZHEFE ¢/ (kg - m ™) SRR 0
AT p/ (g em™) 1 12 1/3 1/3
YUEIREE f,,/MPa 2 1 1/2 172
KEZGPARE ¢/ (kg - m ™) 3 2 1 1
S RE 3 2 1 1
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Fig. 6 Normal cloud membership function cloud diagram of each index
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Table 7 Statistical table of various grading index parameters of the test site

Mk F A S
H— gk ke 2.309 36.7 0.61 0.44
R L sanr 2.414 42.8 0.77 0.62
W= EABRRE 2.478 65.2 1.25 0.69
LRI/ EFAREREE 2.332 31.6 0.83 0.51
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Table 8 Membership degree table of different test sites
KB
Rk e VERS oy
8 " e 1% 1 %% 1 2% V% V 4%
- 1130 8 1130 m IREEMR S 0.1391 0.2207  0.6095  0.4951 0.4480
ok 1115 Ff 1115 m AR PR 0.3984 0.6242  0.4661 0.3765  0.3059
=W 1100 8 1100 m L @EbHs  0.5268 0.3679 0.1052  0.2576  0.3278
U 1145 4 1145 m ESARLN by 0.2537 0.3882 0.5147 0.3305 0.3306
9 AEREFHATEESRERE
Table 9 Table of blastability classification results of different test sites
N FOEEp/  PUREE  KEAMEE e sElE
=2 B Sy
El‘i {M‘E*/TI_J m (g-cm_3) f(M/MPa (kg.m_}) /z%;!{&'r] ]}—»& IZI7FF<
TR O 1130 2.309 36.7 0.61 0.44 I 2% (H45)
L b 1115 2.414 42.8 0.77 0.62 I g (Fexest)
T (A R 1100 2.478 65.2 1.25 0.69 I 9 (HfEe)
AR R s = 1145 2.332 31.6 0.83 0.51 W2 (h55)

i BRI AS, DURh 2 46 5 AR 23 25 2R D
1130 A K 2k LD o 2% (P 26 ) L 1115 F
AL TG CEfERE ) |, 1100 -3 195
rambie s oy 1 9 (HERE) 1145 PR K20 @R
AN (HEE) .
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Fl 5 B0

(2) H T A i KU AR B2 L 454 T8 43 A AN [] LA
Koa A VR A a8 A7 AE 22 5, AR ST B 37 52 1 1)
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AR B AT AR R T 1% o

(3) ik 9 7 B LR A T =1 3 L 2 1 P e
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(4) FITZ AT S 43 G0 07 R XK ME B KIER 2
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