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Numerical Study on Relationship between Specific Charge
and Fragmentation Distribution of Hematite

ZHENG Bing-xu' ,FENG Chun® ,SONG Jin-quan' ,GUO Ru-kun® LI Shi-hai’
(1 . Guangdong Hongda Blasting Co Ltd ,Guangzhou 510623, China;
2. Key Laboratory for Mechanics in Fluid Solid Coupling Systems,
Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; By introducing Landau blasting model and rock plastic-damage-fracture model into Continuum Discon-
tinuum Element Method( CDEM) , the simulation of hematite fragmentation process under blasting load was realized.
Five indicators to evaluate the block distribution feature after blasting were proposed , including the average fragmen-
tation size( dg, ) , ultimate fragmentation size (dg, ) , block nonuniform coefficient ( dy/dy, ) , system fracture degree
(F.) and large block ratio( B, ). Based on CDEM and the five evaluation indicators, the relationship between spcific
charge and fragmentation distribution characteristic was studied. Two ways to change the spcific charge was discussed
on changing bore hole diameter and changing row & column distance. Numerical results show that,with the increase
of spcific charge,the hematite fragmentation size decreased gradually; with the same spcific charge, the fragmentation
quality obtained from changing bore hole diameter was better than which from changing row & column distance. In
double logarithmic coordinates, with the increase of spcific charge , average fragmentation size(ds, ) and ultimate frag-
mentation size(dy ) all decreased linearly,and decaying power function was used to fit the relationship between dy, ,
dyy and speific charge. With the increase of speific charge,the block nonuniform coefficient ( dy/ds,) and system

fracture degree ( F,) all increased gradually, while the large block ratio(B,) decreased sharply. When the spcific
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charge was larger than 0,25 kg/t,the large block ratio( B,) was less than 0. 5% ;while the spcific charge exceeded

0.6 kg/t,the large block ratio( B.) turned to be zero.
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and unit explosive consumption

KRR (4) # e, R
log(y) = alog{x) +4 (4)
K:x AR (AR ;y VHEZEE(F
BB R ja.b ARG R
AR FLAZ B | R i B AR AR I B R RS 3
man=X(5) Bran , B2 R HERE 5| A2 i 4 25 B RE Dl R
it S-S R e an =X (6) Frw
dg = 0.0269Q°"* (5)
dg = 0.0126Q7%" (6)

H, 0 WEEZGHAE ke/to

PIRHR DU HOAR PR R ST BEKE 25 S AR B 1
A 10 o m AT AR, S OF R R B ML —
B RO BARAR T, B IRAS R R ST S H 2 SRt
AEEHRR. RN, LERALERRKS
AR FR AR RSO0 T R AR (AT HEBE 3R A3 B RST 5 4 8
FRBCRII , AR 24 A KR 2 B RE Yl SR AR AR PR A
R T EA

£
2 1.0t
=
=
¥
£
= —— PRI ER
® —eo— S (A HERR
0.1F . ,
0.1 1.0

YEHEEQ/(kg * )
B 10 Kedh et R PR R T

Fig. 10 Relationship between ultimate fragmentation size

and unit explosive consumption

FIRER A (4) #AT G, 5 BIRRBERER
Mt EARX R
dy = 0.197Q Q% (7)
dyy = 0.119Q7% (8)
Hep, (7)) R TR RBAERT ML B FE
AR R AR BR A R ST B e, K (8) Rk T B AR [H]
HEBE 5 | #2 ) M 24 B RE U X AR PR IR R RO R
mR(5) ~K(8), AT LA HBIFf 5 5L T e fk
MIAREI S R BN (doo/dso ) BEXEZS BAFERI IR , 7351 A
dgy/dsy = 6.95Q%* (9)
dy/dsy = 9.440%™ (10)
Hep 09 R THFLERNEMW, 2 (10) kBT
[E] HEBE B R
K (9) B (10) BB AL A2 6 BUE , anE 11
FiR. MBS, & 2 EFERIE R, Rk ATy
SIRBOEHI R, BFEM 0.05 ke/t BEANZE 0. 8 kg/t
Bt ML ERN N AR RN LI HERE
T 6.3, AR B HEFEXT AL AR B ST R BN 1. 1 K
2781,
PR TR T R R EREEZ SRR 2L anE
12 fiiR. BEATA%, IR KR 2 SRR Y O 2B gk
B EEA B BEE RN R, REmH



68

W 2015 49 A

FEBEHE R, B REHEHER, G RREN
0.07 kg/t IR Z 2 ke/t B, REEBREEI 15% 5410
Z287%,

.
~ 8f — BERALES .
S 7r e BEmHE e
MS' Cl.
g 4 0
K 2F w.

1- * 1 1 A 1

0 0.2 0.4 0.6 0.8

FELEHFE (kg - 1)
BT fR25 BRERT R Aty 5] R B M 0

Fig. 11 Relationship between block nonuniform

coefficient and unit explosive consumption

0.9 (
0.8F
0.7
% 0.6
®ost
W 0.4F
0.3
0.2F
0.1

—— UERILEE
—O— AR HEEE

010 0|.5 110 li5 2f0
HH I g - )
B 12 R REKEL SR A

Fig. 12 Relationship between system fracture degrec

and unit explosive consumption

PRR T 2T RS R RERE 25 B RE 2 b B i
13 fim. HETTG, & MR BRI A, KR
AR/ HIEGBFER T 0. 25 ke/t if, KB
G/ 0.5% ; HAEZGHFEHAM 0. 6 ke/t B, Kk
$#0.0%,

4 Z5iE

L FE CDEM 315 8 Hh 51 A B8 5 k48 4
PR T o VAR Y 408 - SR, ST T R Kk
WL RO R B, SR 1L T B R (dy, )
RIRBRER T (dog ) RIEREI ] REL(dyo/ dsy ) T
SBRB(F,) BRARRE(B,) % 5 MiTH @ sk g
SHRITERR , ST T BRI LA AR s ] B 2
Pl AR K25 SR Ty SO S R L,
HEERRY.

(1) BEE K25 B RE 38 K, RERA™ MO BRE R 1
GHTEN ARRKEZ AR O T AR AL BRI
B R s 0 T 5 AL ] HEBE AR RO

—a—NTHRILER
0.5r —e— M EHE

0 0.5 1.0 1.5 2.0
FEEG R/ (kg - t7)
B 13 RIRREEIEZ PAEM LRI
Fig. 13 Relationship between large block ratio

and unit explosive consumption

() IEDRX BT R T, FEE MEZ SRR R K,
PRI R (dsy ) Bl BRBEFE R ST (dy ) 2R U8
/N FER BB R s B B T S B R~ AR R
B R T 52 BRE RN R R o

(3) &5 T HAA 25 RS M 24 B R A ) o
BORER R Z R B R BB 25 AR A1 K,
R A SRR, B KRR BRI SFE
M 0.05 kg/t SANZE 0. 8 kg/t B}, ik RS MR 5]
BB 1.1 454k E 8.1,

(4)FEE MFZG R 3 K, R B 1
KA KRR BH G YHEZTHFEMN 0. 07 kg/t
WRE2 kg/t B, REBHHE M 15%EINZE 87%,

(5) BB VEZBAFEMIE K, RERFRTE /] ; 24
JEBEE KT 0.25 kg/t B, K FEE L/ F0.5%;
LA ERFERE L 0.6 kg/t BY, KELHE KR 0.0%,

£ % 3Lk ( References)

(1] Sk ARuEm S aie R A M. 5i#8. 7
P 3238 A i R, 2001,

(1] ZHANG Ji-chun. Fragment-size theory of blasting in rock
mass and its application [ M ]. Chengdu: Southwest Jiao
Tong University Press,2001. (in Chinese)

[2] SRR TEBERS G Y RBIEE /4 5 = g E
RI[T). 84 Sahds, 1984 ,4(3) :48-59.

[2] ZOU Ding-xiang. A three dimensional mathematical model
in calculating the rock fragmentation distribution of bench
blasting in the open pit[ J]. Explosion and Shock Waves,
1984 ,4(3) :48-59. (in Chinese)



F32% F3H MWEEE FORERE  EARREMNRMAT BEORE

TR LR S E R BT 5 69

(3]

(3]

(6]

(7]

(8]

WRia §T. SR Btk BN X M 25 AR [T ] AR A,
1996,13(3) :19-22.

CHEN Yun-xuan. The influence of blasting fragmentation
effect to the unit explosive consumption [ J ]. Blasting,
1996,13(3) :19-22. (in Chinese)

X2 U KE 2 SR X R AR BE S A R R B B
W (T]. B S5 at, 1997,17(4) :359-362.

LIU Hui,FENG Shu-yu. Theoretical research of the effect
on the blasting fragmentation distribution from the explo-
sive specific charge [ J]. Explosion and Shock Waves,
1997,17(4) :359-362. (in Chinese)

ES . BT ST IM]. JE3 08 & Tk AR

#t,2013.

MARIO A Morin, FRANCESCO Ficarazzo. Monte Carlo
simulation as a tool to predict blasting fragmentation based
on the Kuz-Ram model [ J]. Computers & Geosciences,
2006,32(3) :352-359.

F Faramarzi,H Mansouri,M A Ebrahimi Farsangi. A rock
engineering systems based model to predict rock fragmen-
tation by blasting[ ] ]. International Journal of Rock Me-
chanics and Mining Sciences,2013,60:82-94.

TRAE, FOARE. R 37 4R 0 IR B 4 IX [ 52 o004

F[J). 1 F 7[5 TR ,2009,5(6) :1258-1261.
XING Guang-wu,ZHENG Bing-xu. Study on prediction of
block zoning and block size in quarry blasting[ J]. Chi-
nese Journal of Underground Space and Engineering,
2009,5(6) :1258-1261. (in Chinese)

R IRMER I, R Bk IR BT RAEZS S8
FmI]. £E%10,2009,7(397) :33-35,38.

LI Zhan-jun WEN Jian-qiang ZHENG Bing-xu. Forecast
of the unit explosive consumption for blasting in open-pit

iron mine[ ]]. Metal Mine,2009,7(397) .33-35,38. (in

[10]

[12]

(12]

[13]

[14]

[15]

[15]

Chinese )

M Monjezi, M Rezaei, A Yazdian Varjani. Prediction of
rock fragmentation due to blasting in Gol-E-Gohar iron
mine using fuzzy logic[J]. International Journal of Rock
Mechanics and Mining Sciences, 2009, 46 (8) . 1273-
1280.

M Monjezi, A Bahrami, A Yazdian Varjani. Simultaneous
prediction of fragmentation and flyrock in blasting opera-
tion using artificial neural networks [ ] ]. International
Journal of Rock Mechanics and Mining Sciences, 2010,
47.476-480.
BE, TmRR. M2 M S E AT B BB R B
LT ] TARRAK,1999,5(4) :25-29.

DUAN Bao-fu, FEI Hong-lu. Application of neural of
rock fragmentation of bench blasting [ J]. Engineering
Blasting,1999,5(4),25-29. (in Chinese)

LI S H,WANG J G,LIU B S, et al. Analysis of critical
excavation depth for a jointed rock slope using a face-to-
face discrete element method[ J]. Rock Mechanics and
Rock Engineering,2007 ,40(4) :331-348.

FENG C,LI SH,LIU XY ,et al. A semi-spring and semi-
edge combined contact model in CDEM and its applica-
tion to analysis of Jiweishan landslide[ J]. Journal of
Rock Mechanics and Geotechnical Engineering, 2014,
6(1):26-35.

oW, X T R AR R e
BRI R PRI T]. J15#%4%,2011,43(1) .
184-192.

FENG C,LI S H,LIU X Y. Semi-spring contact model
and its application to failure simulation of slope[J].
Chinese Journal of Theoretical and Applied Mechanics,
2011,43(1) :184-192. (in Chinese)

(LBF 4 7R)

(9]

(9]

[10]

[10]

AR BT, 2 WL 2T HF T L Y B PR B AR

R4 BTAFAT )], TREME T ,2012,11(1) :64-65.

GU Bao-hu, LIU Zhi-gang. The analysis of the digital mine

blasting based on the networking technology [ J]. Engi-

neering Construction,2012,11(1) ;:64-65. (in Chinese)
B B, TEASR 8% RET LR RKHE
5XgEAR[T]. Tl H3h16,2010(12) . 117-121.
ZHANG Shen,DING En-jie , XU Zhao,et al. Characteris-

tics and key technologies of sensor mine internet of

(11]

[11]

things[ J]. Industry and Mine Automation,2010(12):
117-121. (in Chinese)

ROLELESH, TEAR. %5 ZR0 80 L—& 0y
MR L Ze S8Ry [1]. #x¥EHR, 2012,
37(3) :357-365.

WU Li-xin, WANG Yun-jia, DING En-jie, et al. Thirdly
study on digital mine;serve for mine safety and intellimi-
ne with support from 1oT[ J]. Journal of China Coal Soci-
ety,2012,37(3) ;357-365. (in Chinese)



