$39% 1l o Vol.39 No. 1
2022 4E3 A BLASTING Mar. 2022

doi:10.3963/j. issn. 1001 —487X.2022.01. 012

EfLEMRMASEETR
R RIPR R TT

(LRI LA IR R A BRA ], I 51804052, Fh [E B BH=£WFFE e , 1L at 100081)

W E: ESUHBRET, SN R AR MmE — R G, FRFILMER L, ARABB AR, EAG 4T =4
REILZEBERE S W& BB st TR 5 138 3L42 76 mm #9:3% 5L 6 MR EBIRIL & 24K, &
NTFLR2mby, FREEERSEETAR, B ENFHERT 12 m o, BRTAE L) oot T HATRAT A& OB
TR ARAAL . AR TN AR S N5 RS, ST = R B ILE KRR &S I RaUs b 4
FBZIk, FBATT KR, KI A T b o 4 B LA IR AL R K, AR AR A5 B ek et R R AL
%76 mm 09X I G MR, KRB A 25 ~43 af KAk 0.86 ~ 1.5, xF B 4t A 1.59 ~2.27 ;3430
%76 mm 89IEILE Ykak , 5 KR 108 ~ 134, 3F B KAtk h 3.28 ~4.08, xF 5 H b h 4 ~4.8; 3430
12115 mm #9IRILE MR A, A RIBIL A 22 ~ 64, 27 B KAtk 0.74 ~2.06, #F 2 F 4tk A 1.5 ~2.78; #F
FUA% 140 mm 69 R ILE MR KRR SR Ha2h), B A & A3t BB ABAT T FERA R 047, 1%
B LU A B B R A 59% £ &, FIRE T BARRBUR A B T ik,

KW : RILEUREG FH; REBW; §U&A; Kk, ks

hmESEE: TU746.5 XERFRIRAS: A XEHS: 1001 -487X(2022)01 —0087 —08

Study on Rationality of Shallow Hole Bench Blasting
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Abstract; In bench blasting, when bench height increases to a certain value, the spacing between rows of holes
should be kept constant to optimize the blasting effect. Three blasting experiments were conducted with different hole
diameters and bench heights in the field. It is found that the shallow-hole bench blasting with a hole diameter of
76 mm has lower powder factor than that of the deep-hole bench blasting. More specifically,the change rate of powder
factor is lower with the bench height more than 12 m compared to that with the bench height smaller than 12 m, at
which time it is suitable to optimize the blasting parameters in the pre-blasting preparation stage. In order to optimize
the blasting parameters according to the bench height on site, three post-blast cases with different hole diameters and
bench heights were analyzed and the ratio of bench height/burden was presented. At the same time, the ratios of
charge length/hole diameter and charge length/burden were compared in order to determine reasonable blasting pa-
rameters. When the blast is conducted near the object to be protected ,a shallow hole bench blasting with a hole di-
ameter of 76 mm is used. The corresponding ratios of charge length/hole diameter, charge length/burden and bench
height/burden are in the ranges of 25 ~43,0.86 ~ 1.5 and 1.59 ~2.27  respectively. In other cases, for the deep
hole bench blasting with a hole diameter of 76 mm,the aforementioned ratios are in the ranges of 108 ~134,3.28 ~
4.08 and 4 ~4. 8, respectively. For the deep hole bench blasting with a hole diameter of 115mm, the aforementioned
ratios are in the ranges of 22 ~64,0.74 ~2.06 and 1.5 ~ 2. 78, respectively. However, it is not easy to control the
ratios of charge length/hole diameter and bench height/burden for the deep hole bench blasting with a hole diameter

of 140 mm,and thus the application is rare. Finally,,a cumulative annual blast cost analysis was carried out,and it is
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found that the drilling cost accounts for about 59% of the total cost. Besides,a method to reduce the blasting cost was

proposed.
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Fig. 1 The blasting stress action zone of the strip charge

B LA 2R B i — e Yu [ LU, J 4 1
T B P AR R Ak S B i, BPAE 17 2R AL
R BTN, 5 65 e B — e BB, FLEEAIHE
AN ELAH S 38 0, 75 DUDRE 23 Hh BB R 1 Tl
AR IBLG . WAtiE i, 4 & B i B L — e (H

S H #7:2021 —09 - 10

TEEBN M #1972 -) 2o, S TR AR 2507, N TR
FHFSY , (E-mail ) 68092366 @ qq. com,

BIHAESE REA1985 - ) B iR A, NG a - SR TR
WFFE, (E-mail ) 765990023 @ qq. com,,

shallow hole bench blasting; ratio of bench height/burden; ratio of charge length/ hole diameter;

Jei s QRAS B B AL B AR A A1 250, 17 2 e
FLIRRE , Tk £E R FLI SR o 71 b BRI
RN, KGR TR BT R B
RS IPTR I LR, 45 e R P —E T, &
PR AT FR ORI AR R AT TG
IR PTHL R LL L. RN TR pt ke, RIS By
o BE SR LR, DL TEA [ 4 AL AR I 5 B

GRS
2 BERXXEHE

K25 5 F R S — YRR K 240 )
R R R L, 2 085 B RCR 0 — > T B9
i BB SRR AT
K 2452 R A RE £ B S E 0 96 3R T UM 58
(1) higs] "
0 _Q _qH+L -L,) _

Vo, abH
S-EgEae-g) o

XA =q/ab;B =L, - L ;Q Nl R0 N
FLEE ;0 AR H BB Ly IR L, I E
KV AU S A i g WA A FI
B RHFEM G I XA AR

I ZY PR PR S B i B Y O R oM PR
PA_ LT BEE G s B RGN, KR PR
Wr bt AH R AR ARG N . AnlEl 2 PR .

120

110

YEZH I #E /%
S

O
(=]
T

80

5 10 15 20 25 30
H/m

K2 SRS AE AL ORI (LA H =12 m 2y 100% )
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explosives and the depth of the blasthole
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Table 1 The relationship between bench height and actual explosive powder factor ( soft rock)

H m 8 9 10 11 12 13 14 15

16 17 18 19 20 21 22 23 24 25

K kg/m’ 0.250 0.267 0.280 0.291 0.300 0.308 0.314 0.320 0.325 0.329 0.333 0.337 0.340 0.343 0.345 0.348 0.350 0.352

R2 EMBEMEAXRERNIR(ERE)

Table 2 The relationship between bench height and actual explosive powder factor ( granite)

H m 7 8 9 10 11 12 13 14

15 16 17 18 9 20 21 22 23 24

K kg/m® 0.342 0.374 0.399 0.418 0.435 0.448 0.460 0.470 0.478 0.486 0.492 0.498 0.503 0.508 0.512 0.516 0.520 0.523
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Fig. 3 Relationship between bench height

and powder factor in soft rock and granite
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Table 3 Bench drilling control blasting parameters(d =76 mm)

Hm W/m h/m a/m b/m L/m I/m l'/m Q/kg  ¢/(kg-m™?) & ] 0

1.5 1.5 0.7 2.0 1.8 2.2 0.6 1.6 2.4 0.30 8 0.40 1.00
2.0 2.0 0.7 2.2 2.0 3.0 0.9 2.1 3.6 0.27 12 0.45 1.00
2.5 2.0 0.7 2.2 2.0 3.2 1.1 2.1 4.4 0.31 14 0.55 1.25
3.0 2.0 0.7 2.2 2.0 3.5 1.4 2.1 5.6 0.36 18 0.70  1.50
3.5 2.2 0.7 2.5 2.2 4.2 1.9 2.3 7.6 0.33 25 0.86 1.59
4.0 2.2 0.7 2.5 2.2 4.6 2.3 2.3 9.2 0.36 30 1.05 1.82
4.5 2.2 0.7 2.5 2.2 4.8 2.5 2.3 10.0 0.38 33 1.14  2.05
5.0 2.2 0.8 2.5 2.2 5.8 3.3 2.5 13.2 0.41 43 1.50 2.27
6.0 2.2 0.8 2.5 2.2 6.8 4.3 2.5 17.2 0.46 57 1.95 2.73
7.0 2.2 0.8 2.5 2.2 7.8 5.3 2.5 21.2 0.49 70 2.41  3.18
8.0 2.3 0.8 2.6 2.3 8.8 6.2 2.6 24.8 0.47 82 2,70 3.48
9.0 2.3 0.8 2.6 2.3 9.8 7.2 2.6 28.8 0.49 95 3.13  3.91
10.0 2.5 1.0 2.6 2.5 11.0 8.2 2.8 32.8 0.46 108 3.28  4.00
11.0 2.5 1.0 2.6 2.5 12.0 9.2 2.8 36.8 0.47 121 3.68 4.40
12.0 2.5 1.0 2.6 2.5 13.0 10.2 2.8 40.8 0.48 134 4.08 4.80

APPSR 4 ke/m

x4 RILEWHHEFIEFBERSE(d=115 mm)
Table 4 Deep hole bench drilling controlled blasting parameters(d =115 mm)

H/m W/m h/m o/m b/m L/m I/m 1I'/m kg ¢/(kg-m™>) & n 0
5.0 3.4 1.0 3.2 3.0 6.0 2.5 3.5 20.0 0.35 22 0.74 1.47
6.0 3.4 1.0 3.4 3.2 7.0 3.5 3.5 28.0 0.37 30 1.03  1.76
7.0 3.5 1.0 3.4 3.2 8.0 4.4 3.6 35.2 0.40 38 1.26  2.00
8.0 3.5 1.0 3.5 3.4 9.0 5.4 3.6 43.2 0.40 47 1.54  2.29
9.0 3.6 1.0 3.5 3.4 10.0 6.3 3.7 50.4 0.42 55 1.75 2.50

10.0 3.6 1.1 3.5 3.4 11.1 7.4 3.7 59.2 0.45 64 2.06 2.78

T PR B2 A% 8 kg/m T

x5 RILEAHEFLIERIERSE(d =140 mm)
Table 5 Deep hole bench drilling controlled blasting parameters(d =140 mm)

H/m W/m h/m  a/m b/m L/m l/m I'/m 0/kg  ¢/(kg-m??) & n 0

6.0 3.8 1.0 4.0 3.8 7.0 3.0 4.0 36.0 0.34 21 0.79 1.58
7.0 3.8 1.0 4.0 3.8 8.0 4.0 4.0 48.0 0.39 29 1.05 1.84
8.0 3.8 1.0 4.0 3.8 9.0 5.0 4.0 60.0 0.44 36 .32 2.11
9.0 3.8 1.0 4.0 3.8 10.0 6.0 4.0 72.0 0.47 43 1.58 2.37
10.0 4.0 1.1 4.2 4.0 11.1 6.9 4.2 82.8 0.44 49 1.73  2.50
11.0 4.0 1.1 4.2 4.0 12.1 7.9 4.2 94.8 0.47 56 1.98 2.75
12.0 4.0 1.1 4.2 4.0 13.1 8.9 4.2 106. 8 0.49 64 2.23  3.00

T PR BEREZY R 12 kg/m HH5.

R TRFGREANT H GG & W oA REGUAIEZERE ;o LI b N HERIEE; Q 24
JRELARIULR s h AL TR L W MIALTRIE 1 2y L2t sq MRS RRE ;6 MRS m KR IL
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Table 6 The allowable maximum explosive quantity
for different safe vibration velocities

in Antuoshan area( unit:kg)

[vy/

(em-s™")

10 20 50 75 100 125 150

1 0.07 0.6 9.2 31 74 144 249
2 0.30 2.6 40.4 136 323 631 1091
3 0.80 6.1 95.8 323 766 1496 2586
5 2.30 18.2 284.0 959 2272 4438 7669

MIE 4 73 B A2 FE MK BT L B 56 2 00, % fL A
76 mm FJEFL,BR S ~ 10 m BFE SN, HAR G PR
BB AN SRR, AR F R A —E B2
BN 3.5 ~5 m 10 ~ 12 m if, AR AR L
SR PT AT SO PRI, IAE3 ~5 m 5
i BER AT 18 ~ 43 JYRAR FEBiR L 0.7 ~ 1.5 1Y
KT ORI R A 25 AR BECR . X 115 mm (948
fLAES ~ 10 m & fr = B Bl N — E A PRy, ol
HAFIR o X140 mm ML, 7E 6 ~ 12 m S
JEVE I A A SRR, B AXHIETTZ A L R
140 mm FLASHYHLALED I

150 _a— 76 mmKRZH
—o— 115 mmKAZ
—A— 140 mm K2
———— 76 mm K P H
——— 115 mm KBt
100 b === 140 mm KHL H
—— 76 mmE ik
— 115mmEH I
—— 140 mmEHL L

KA
Kyt

50

B4 RARHEHRITECRE & B B ARtk R
Fig. 4 The relationship curve of 8/H and n/H

IR RIFLAR 76 mm [ & B A 5, FLHERE 3L
AR, AR RA 5 B R B BLE L, 23 2K
PR G &P, S FLAR 76 mm (3R FL & Bt K42
725 ~43 X KFT LR 0.86 ~ 1.5, X b Endi b
1.59 ~2.27 JBERRCR AT X LAR 76 mm BITRAL G BY
PR AR L 108 ~ 134, % KBt b 43 51 ok 3. 28 ~
4,08, % B R 4 ~ 4. 8, PLIHE R 5 A B s 3y
5 HARTCRI R . B AL E & B Bow] PLadi 45

B P TR S B

XFEAE 115 mm AYRFL & B gk, FLAHER 3 A
FASE, K AR Ly 22 ~ 64, W K BTk k0. 74 ~
2.06, XN AL R 1.5 ~2.78 BRI, K
Bk, SRR, X R 140 mm (9IRFL & W R
SRR SR P 0, R IR ) %
12 , 5B i e sl il Ar e

v Hsf 7 30 4 e o it 3 A e, Ay O ) 3 2ot
G B iR SR ORIE ST 2 R RCR , S I A b L, 2
K =AfL4E 76 mm 115 mm il 140 mm FHEFL & BT
FEAS/NT 1,58, R 6 B s B S HRPT 46 LA, vl ik 3
FIC LRI TR, PRUE ARSI .

IR 7 A A S ) AL A B AR A R B i
NiA0.82 em/s iR B T HRBHIEHIZK
5 ZBFEASH

(1) 3RAL & B B il AR % A R0 0 A 15271 22
BhFLIR2E FITHERE DT 2 AR fh /N, RV s B4 K 1)
W R 75 5 A B BB A5 ok 2D MRS 7 A, B v R 0
WA LN LT RAL L G b B,
NI LLAE /IS, BAREAIR Sl R 5 ) R A
TR FLISAS 5, B B A T o 5 B ) A R
FLK, By s A R 2 T 2 8 LR A
I RBAR ) — 2 2 LA B TR AL, VAR BT
BAS i, R AR B A 100 m 4R Sl AR 4P T 1 iz
FHER LI

(2) TR AR RG22, Bt LRSL & B 1
W AFE B LLIRFL & W (N IE 3 %0 & B B e 2
12 m J& , LAE R 5 B o B B KB R R
XFURFLAR 0 5 2 T L A, W7 S I I AR B P 1
DUARAT AL, 18 E A TR ), VR FL & B 4
FAFERHAFLIR B & B i AR ALK, AE b — R R Bt
SERL, B—1EH A i A ST, S T AEE
FERRALINK

(3) IARLL 76 mm PRFLIERE N 32, 72K 7 T
AR, AT A 0.3957 kg/m® {0 H ¥R
TR EN T 1 U7 m® Db AR T R

(4) BB AT 72 8, B AL ARAS 5 31 Bk,
AR —F 2, BT LA AR R FL B 10 B A I A AL I
SR = B LR AR B, H R AR A (K 24
WNEEIRKEZY ; R RHE A S ML B B s L
2% PR BRI AR, s BE B S L M S8 BB K
JERE W . BRI B AT 2 LA FFLE
BB E 5 76 mm H110 ~ 12 m A4, B 5
R S), KR A 2 THEA TRORMRE I ERE



92

2022 4£ 3

s Thy e (T2

x7 BRHIELER
Table 7 Summary of blasting data

gy (BRI TLIE) ke HifLIEK/m - YRt/ e/
173 \ . . " . -
At $76 115 ¢ 140 41t Ak KAk it (kg - m™)
1999 350 803 130 520 5422 1236 137 178 190 575 768 830 898 1 406 666 0.2494
2000 583 240 141 453 36 357 12282 190 092 266 470 544 972 246 1 442 790 0.4042
2001 538 812 147 711 27 805 642 176 158 158 610 649 627 603 1 238 252 0.4351
2002 403 011 125 192 19 018 17 144 227 138 591 882 312 061 903 943 0.4458
2003 1412 142 160 572 176 204 650 337 425 277 1160229 2309222 3469 451 0.4070
2004 1431 048 243 169 389 520 2045 634 734 324 2129313 1176398 3305711 0.4329
2005 1 063 458 263 309 70013 1496 334 818 359 1 864 207 612 372 2 476 579 0.4294
2006 1253 054 304 318 97 224 1236 401 542 566 2055399 1067331 3122730 0.4013
2007 824 774 240 284 52918 24 121 317 323 353 2210211 113 849 2 324 060 0.3549
2008 1 002 562 205909 81 729 34 235 321 873 426 2 486 684 203 132 2 689 816 0.3727
2009 756 144 170 074 45 486 34 867 250 427 441 1914 393 12 856 1 927 249 0.3923
Bt 9619 048 2001991996 272 110355 3245796 3498 16 069 279 8 237 968 24 307 247 0.3957
*8 2004 £ERITH AR
Table 8 Table of cumulative costs in 2004
BfL A/ SR AR/ NT A/ AR/
Iﬁi E — -3 — -3 — -3 — -3
(JC+-m™) (JC+m™) (JC+m™) (JC+-m™)
SRS 3.40 2.28 0.15 5.83
TR LA/ % 58.3 39.1 2.6 100
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Fig. 5 Bench blasting sites
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