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Study on Prediction of Blasting Fragmentation
in Changjiu Shenshan Limestone Mine
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Abstract: Changjiu Shenshan limestone mine is the largest sand aggregate field in the world. The blasting frag-
mentation directly affects production efficiency of the mine. Combined with production practice, 11 blast tests were
carried out in two mining areas where rock joints are developed. Based on Kuz-Ram blasting fragmentation prediction
model , the average fragmentation after blasts was calculated. It is found that there is a great difference between the
predicted value and the measured value. The results show that joint development degree and rock properties are the
main factors affecting fragmentation distribution. The calculation of rock coefficient A in the modified Kuz-Ram model
seriously affects the prediction results. It is suggested that the influence of rock density should not be considered in
the calculating of the rock coefficient A. Through the analysis of data from four field verification blasting tests, it
shows that the accuracy of the average fragmentation prediction value is significantly improved based on the Kuz-Ram
model and the rock coefficient obtained by the proposed correction method. The relative errors are all below 10% ,
and the prediction accuracy is greatly improved. The research results can provide a technical support for the adjust-

ment of blasting parameters in mining.

Key words: blasting fragmentation; Kuz-Ram model; fragmentation prediction; average block size; rock factor



18 %

ik 2021 4 6 f

PR AR — R A R A A 2T B, 2 Lo
K WRIEFAZ BRI B R KR K R R i e i
SETRRM F L T B, BHRTTED IR, # A7
TERA TR PR AR — B[], AR
EATVE RS (R 2 B, 208 T 3 R 1o A
R — AR RO R AT R 5T, DI R m T S AR s
Y FEBRRAT T R A T R
R B 5 35 A RS Y, 1 LS SR K AT R b AR
RYCRFE R & i SRS A R 2 A 452
G 2Lny A2k s R FRAE R S A . R,
F IR RRN 5 5 PR BE RN o A A 7 0% %
IRAERE, B/ NRAA - EER L,

20 fik2e 50 AR A, [ NI 2220 F e MR
FEJr A T K E R T AE, C Cunningham
Kuznetsov 52 5 R-R F 4545 3k 5 Kuz-Ram #5
T RN RO T RERRE S e S 2 0
FES YIS R O ZR DT R 5 o o e AR -7
SR BE I TR M T A S R B
TS AEARY § JR] SN S S 0 o ST AR
(RN S4B 073 B et W (1 4 3 i 25 8 B e 82 A1 1 4
R MR T T PPV AR By ik
FATREFAR SO CEE T AR 5 s S TR e
PO FEUAIE T IR rT AT

H A 0 B 0 AR, K 20 A 4 5
RIEESEA TR o SR, SEBR A o A PR A7 A 2 1 P
Bt S5 SR8 S AL T, B S AR 2 02 U 4 1 B 2L B i
R P A A 1 AR A T M A B A
H T BB Y e 5 P A A T B 2R B
AT VI 048 , R A0 A, Xt /5 24Tt
AN[E ) TARRSEBR AT A 2 B S8 T oA, A5 1
D235 R BT 42 30 S PR 0L

FETRIUA L S0k 7 L B R A e, 8
TR R FE MR M A T N 0 A i, TR B S 4
HE W SAE, JFR S Kuz-Ram BRI 714
PR IR T LA A , WS RLEA T S804, X
)5 PR A TR 5

1 Kuz-Ram ;|4 7

1.1 FEBEERARK
Kuz-Ram %2 ®f4E A C V B Cunningham 7¢

Wris B #3:2021 - 02 - 12

EBE AT AR THE (1996 - ) 55 LB B BRI A, 2
FE A3 I B LR R B 5 I A WF 58 L AR, (E-mail )
zhuzihan1996 @ whu. edu. c¢n,

BIREE B BH(1977 =), 3B 1+ #4%, ( E-mail ) whuchm@ whu.
edu. c¢n,

EEWE: EHEK AR 4 R H (51979205,51779190) ; [
B ERER A T FRBHTE (2020M672311 ) 5 o [ 1+
Ji B2 4 5 51 9 951 H (2020T130569)

i EE NV E Kuznrtsov iff 55 B9 3L RE FH#EH 1, At
IR BE IR AN Rosin-Rammler 3 A7 pRi %5, 75 H
i 22 Fh HLFE T AR A o, Kuz-Ram 784 K 2 H B A
SHREARC N AR B F A S F AR
T S5 i P A F e R T ASE A

Kuz-Ram # 78I i Fe AR £ 5 70 Kuznetsov 512
R-R 43475 BRI 12 B AN 34 51 8 B0 43 o 41 B, ELAR
it (1) ~ (3)

X — Aq—().8Ql/6(115/E)19/3() (1)

R =1-¢ W (2)
n=(2.2-14W/d)(1 -e/W)[1+(m-1)2]L/H
(3)

P A a0 R BUE RN T L 2R
BARREAR, Pla A=7 WHAFEA=10,
WA K TR e A = 1359 N HEZG AL FEZY
kg/m’;Q Ay WAL 2y, kgs B O A 2540 X E R
71, Bl ¥E 257 100, TNT if oy 115X S5 Bl Xy, , K8
HHIPE PR, ems R AR /N T RRLAR 9 418
R 08, %0 5 X O a BUBURL AR, em; X DG B
FRHESRIEE , BTG T R AR 250 63. 21 % B iy P
JAF emym M FLAAE R R, R ALIREE o R/
PUER W Z HE sn AN SR BL, 278 0 A iR I BE
Gse M FURTEEAREZS , — BEHL 0. OSH , m; W oy i
INIRTLER , msd AL AR, mm; L AN TR AR 7
HRZY B, ms H N B B R, me
1.2 #HESHHEETZE

Kuz-Ram AT HRAE S 505 AR AR 4 i1k
Fitok , B — & S R JER, 75 1 R BE TH R (E AN
P g 3 A 2R HRA — 7 A0 HER 1, IR T TR
RER o B TIURA BT O MERR I, ELE T T PR 4L
FRTR I WA — R B ZE B TR T iR AR A T
0 ST e T A E R A, A 2 B A Kuz-Ram
R — S B HGIAT T

(1) A R A MEIE

PR SR R A B EE 23 A A AR R R
Wil o 5 AR By O VE BT, AN BE 8 BE R PR T
BEAIBRIE A KR o a1 R ECA B 2656 3
TR B IE T a1 Y AP i, 58
THATTHRBR RO ZE S TETE bR . BRI
TE LR AN [R5 B0 9 IR, AN BE 4 1T %5 LAY S e
AR AR BRI B B o3 A1 X o A e B
FERY5ZI . C V B Cunningham {f B S 158 9 5E B
GORME Tt — 22t , 4R a4 R A A B 98T
Jrigins(4) ~(7)

A =0.06(RMD + JF + RDI + HF) (4)
RDI = 25RD - 50 (5)



38 2 RAHE TR B

W1, 45 RIUMHLBCA BT TFR AR E U5 19

24 E <50 GPa

HF = E/3 (6)
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Table 1 Blasting test parameters of Shenshan mine

A e 7] TE K )
?;;g R j';/'nf’ gﬁ FLBE/m HEEE/m VR /m k"g}f %ﬁf (ki*fn/,g) #Qf
1 13.0 160 7.5 5.0 1.5 14.5 3.5 0.36 176
2 13.0 160 8.3 4.2 1.5 14.5 3.5 0.39 176
3 15.0 200 10.6 5.3 1.5 16.5 4.5 0.33 300
4 L 15.0 200 9.6 6.4 1.5 16.5 4.5 0.36 300
5 15.0 160 8.3 4.2 1.5 16.5 3.2 0.35 197
6 15.0 160 7.5 5.0 1.5 16.5 3.2 0.38 197
7 15.0 200 9.5 6.0 1.8 16.8 5.0 0.40 345
8 16.5 160 7.5 4.5 1.5 18.0 5.0 0.36 198
9 15.0 160 7.5 5.0 1.5 16.5 3.5 0.37 209
10 24 15.0 160 7.3 4.9 1.5 16.5 3.5 0.39 209
11 15.0 115 5.0 3.2 1.0 16.0 3.0 0.44 106
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Table 2 Main physical and mechanical parameters

of Changjiu Shenshan limestone

i W PR BUESRE/

e (ke-m™)  GPa THFA L MPe

Bt 2700 16.5 0.26 56.4
e 2680 6.0 0.28 36.3

TG D 14 2495 3R X 0 B B R,
WL R H , oA A R BT RN 3 fros,
Y BRI 2R B JF B /MEL 10 U R IR 2
FURLIRA A2, KE 2585 18 0. 8 g/cm’ , B Tk 4f:
YRR 3700 k) kg, 2 2900 m/s, A TN
PRI KE2G X B ) B H(E 905 £ 8 Fe i fix
RAALHUE 1 m, 255 B2 50, X i (e an
FA PR,
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Table 3 Calculation of rock factor A in mining area

FX RMD JF RDI HF A
1# 20 10 17.0 5.5 3.15
2# 25 10 17.5 5.5 3.48

# 4 Kuz-Ram REFITE R
Table 4 Prediction calculation of KUZ RAM model

A o B wmilg PN
G (kg-m™)  H/kg  HlfE/em
1 0.36 176 19.72
2 0.39 176 18.50
3 0.33 300 23.11
4 1# 0.36 300 21.55
5 0.35 197 20.55
6 0.38 197 19.24
7 0.40 345 20.28
8 0.36 198 20.11
9 0.37 209 21.93
10 2# 0.39 209 21.03
11 0.44 106 17.05
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Fig. 5 Distribution curve of typical blasting fragmentation
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Table 5 Comparison between average fragmentation

prediction and actual measurement

Y RK PR 12/%
BRI G505 f

1 19.72 15.2 29.74
2 18.50 9.3 98.92
3 23.11 16.1 43.54
4 21.55 12.2 76. 64
5 1# 20.55 15.1 36.09
6 19.24 12.3 56.42
7 20.28 14.6 38.90
8 20.11 13.1 53.51
9 21.93 15.1 45.23
10 2# 21.03 12.3 70.98
11 17.05 12.4 37.50
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Table 6 Calculation of corrected rock

coefficient A in mining area

KX RMD JF HF A
1# 20 10 5.5 2.13
24 25 10 5.5 2.43
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and after correction
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Table 7 Comparison between average fragmentation

prediction and actual measurement

we Rx 1995/%
BORBGE G5 iR
1 13.34 15.2 -12.24
2 12.51 9.3 34.52
3 15.63 16.1 -2.92
4 14.58 12.2 19.51
5 1# 13.90 15.1 -7.95
6 13.01 12.3 5.77
7 13.71 14.6 -6.10
8 13.60 13.1 3.82
9 15.32 15.1 1.46
10 2# 14.68 12.3 19.35
11 11.91 12.4 -3.95
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Table 8 Verification test parameters of blasting in Shenshan mine

e ORE I s s g SR WK TRRAS
1 4 13 160 7.9 4.9 2 15 3.6 0.39 194
2 13 160 7.5 5.0 2 15 3.8 0.39 190
3 14 17 160 7.4 5.3 2 19 4.0 0.37 247
4 17 160 8.0 5.0 2 19 4.0 0.37 252
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Table 9 Calculation of rock factor A in mining area

KX RMD JF HF A
1# 20 12 5.5 2.25
2# 25 12 5.5 2.55
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Fig. 7 Blasting fragmentation distribution curve
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Table 10 Comparison between average fragmentation

prediction and actual measurement
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