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Study on Blasting Characteristics of Rock Mass and Prediction of
Rock Fragment Size by Bench Blasting in Tunnel Excavation

DONG Wu-jun
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Abstract; The conclusions including:the Kuznetsov and kansake models are still applicable to the prediction of
unit explosive consumption in bench blasting tunnel engineering, and the Kuznetsov model considers the influence of
rock mass characteristics,, which is more practical than the kansake model. In addition, the Kuznetsov model can pre-
dict the average blasting fragment as the basis of the distribution model of blasting fragment. Compared with the lower
bench,the upper bench has higher single blasting consumption, higher content of fine particles and smaller frag-
ments. The Kuz-Ram model has a good prediction effect for the small blasting fragments that below the average val-
ue. For the large blasting fragments that above the average value,the KCO model has a better prediction effect,and it
has more accurate for the prediction of the largest blasting fragment. This paper analyzes the applicable conditions
and scope of the prediction model for rock fragment,which provides a basis for the unit explosive consumption and
fragment distribution of tunnel blasting. The methods for predicting the specific consumption of explosives and the
fragmentation of rock mass during blasting originated from open-pit blasting. However, the stress state of the rock
mass in stepped tunnels is different from that in open-pit mines,so it is unknown whether the above prediction meth-
ods are applicable to stepped tunnel blasting. Based on statistical data from the bench blasting in the Tianjiangli tun-

nel ,several commonly used calculation methods in open-pit mines were used to predict the specific consumption of
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explosives and the distribution of fragments,and the predicted results were compared with the actual measurements.

The results show that the Kuznetsov model and the Kansake model are still applicable to predicting the specific con-

sumption of explosives in stepped tunnel blasting,and the Kuznetsov model takes into account the influence of rock

mass characteristics , making it more practical than the Kansake model. In addition,the Kuznetsov model can predict

the average value of the blasting fragmentation and serve as a basis for the fragmentation distribution model. The spe-

cific consumption of explosives is higher on the upper bench,resulting in a higher content of fine particles and smal-

ler overall rock mass after blasting, while the specific consumption is lower on the lower step, resulting in a lower

content of fine particles and a larger overall rock mass after blasting. The Kuz-Ram model is better in predicting the

blasting fragmentation of small rock masses with a block size below the average value,while the KCO model is better

for predicting the blasting fragmentation of large rock masses with a block size above the average value,and the KCO

model can accurately predict the maximum blasting block. This article analyzes the applicable conditions and scope of

the prediction models and provides a basis for the specific consumption and fragmentation distribution in tunnel blas-

ting.
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Table 1 Blasting parameters of upper bench of tunnel

Jf@%L 2l . AL, ‘ ;J@?L e S rh_@/ Hhi/kg

5 Bt/ A WE/m  (kg-m™') AL P8-S
JFREfL 1 4 2.2 0.700 1.54 6.16
REEL 5 4 2.0 0.700 1.40 5.60
AL 7 6 2.0 0. 600 1.20 7.20
ML 8 6 2.0 0. 600 1.20 7.20
HATEAL 9 17 2.0 0. 500 1.00 17.00
T RRFL 10 25 2.0 0.300 0. 60 15.00

JEAL 11 13 2.0 0.675 1.35 17.55

ot 75 75.71
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Fig. 2 Blasting hole charging structure
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Table 2 Blasting parameters of lower bench of tunnel

AL, B3l JefL AL By B/ Rt/ kg

255 B/ A WE/m  (kg-m™) Al B
o —HE 1 3 2 0.500 1.20 3.60
o HE 2 5 2 0.550 1.10 5.50
o= HE 3 7 2 0.550 1.10 7.70
55 DYHE 4 9 2 0.550 1.10 9.90
o L HE 5 8 2 0.550 1.10 8.80
S HE 6 6 2 0.500 1.00 6.00
HLHE 7 6 2 0. 500 1.00 6.00
AL 9 12 2 0.500 1.00 12.00
AR FL 10 8 2 0.300 0.60 4.80
AL 11 16 2 0.675 1.35 21.60
A1t 75 75.71
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Fig. 3 Rock blasting fragments and boundary
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Fig. 4 Rock blasting fragments and boundary
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Fig. 7 Rock fragments and boundary after manual completion
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Fig. 8 Rock fragments and boundary

after manual completion
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Table 4 Calculation parameters and results of uniformity index
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FE/ 0.019 0.02 0.86 0.58 0.83 1.05 0.16 0.7 2.15
TEH 0.021 0.02 0.89 0.53 0.81 0.95 0.21 0.8 1.76
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Fig. 9 Cumulative distribution curve of blasting 0 " . )
0.1 1.0 10.0 100.0

fragments at upper and lower steps

IR BB S G, R 4E Kuz-Ram 1 KCO
BEAL 3 il B 5 B i il £ A AL S
ik 5 e th Ze 2l 718 10 S5 11y i KT
W, =M ARG AL bRy SO 1Y AR £ 58I, X
R R RSE Xy 2 0.16 10. 21 m, 2485y Bk
JE/NT Xoo I, S0y 4 R A4 B 35 7 38000 th Ze
T3, PR 00 ASE A 2 @ A T /N B 5 L (H
Kuz-Ram A5 R0 25 5 55 S 45 R B0 s A, 24
AR BB KT Xy I, STty 2 34 1 F0 00 il Ze i) 1
05, AW T AR SRS T R B R S AL
KCO R0 25 F 5 S W0 25 S B0 5 X o Kk
JE X, BT BB SE00 25 5350 R 63,5 em Al
75.2 em, Kuz-Ram #& &Y 30 ) 25 2R 2 97 em HlI
155 em, FESEINESSRRTG £, T KCO A T35 A
T XSG BINE 55000 70 em H1 80 em, 55
IS5 R & AL o

4 #Hig

(1) S48 3 A FRME 0 245 B RE R 34 N B KR
FF A 11,18 Kuznetsov #EYfl Kansake #5745 48 38
TREE TREVELY RAE TN . H Kuznetsov 45 8 25 &
T AR E RS2, e Kansake A5 89 570 52 5 6
A, Kuznetsov 15575 0] ) i 0 B 1 ¢ | ~F- 3908, 1B
PR 7 o AT B i LAl

(2) X EF SR A AR OR , nr A

BB /em
B 10 SIS T A A B e e A B EU A 2k

Fig. 10 Measured and predicted cumulative distribution

curve of upper bench blasting fragments
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