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Experimental Study on Optimization of Charge Structure in Water Sealed
Smooth Blasting of Tunnel Excavation
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[ABSTRACT] In order to reduce the problems of low utilization rate of explosives, high concentration of dust and obvi-
ous phenomenon of over-excavation and under-excavation in tunneling excavation blasting, an experimental study on water
sealed smooth blasting technology was carried out in the excavation process of Xiaolongmen Tunnel on New Line Expressway
of National Highway 109. Orthogonal test was carried out. The length of water bag at the upper and bottom of the blast
hole, and the length of blast mud blockage were taken as test factors. The average half-hole rate, the average utilization
rate of blast hole and the reduction rate of dust were taken as evaluation indexes of blasting effect. The test results show that
the factors affecting the average half-hole rate and dust reduction rate are the length of water bag at the upper part of the
blast hole, the length of water bag at the bottom of the blast hole, and the length of blast mud blockage. The factors affect-
ing the average utilization rate of blast holes are the length of sludge blockage, the length of water bags at the upper and
bottom of blast holes in turn. The optimum charge structure parameters of water sealed smooth blasting were determined un-
der the field test conditions. The length of water bag at the upper part of the blast hole is 30 ¢cm, the length of water bag at
the bottom of the blast hole is 20 c¢m, and the length of blast mud blockage is 30 ¢cm. Compared with the charge structure
of conventional smooth blasting, the average half-hole ratio, the average utilization ratio of blast hole and dust reduction ra-
tio increase by 6.3% , 7. 1% and 7.6% respectively after optimization. The optimized charge structure of water sealed
smooth blasting has good blasting outcomes.

[KEYWORDS] tunnel excavation; water sealed smooth blasting; orthogonal test; parameter optimization
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Fig. 1 Design drawing of upper bench blast holes ( Unit; cm)
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Fig.3 Schematic diagram of the charging structure

for conventional smooth blasting
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Tab.2 Experimental scheme and results
S RSN R AL ek
A B C &t L&/ % FIFAZ/ % R/ %
1 1 1 1 1 90.5 88.5 18.9
2* 1 2 2 2 92.4 89.6 20.7
3* 1 3 3 3 91.1 91.3 21.4
4* 2 1 2 3 93.8 90. 1 21.8
5* 2 2 3 1 9.1 91.7 22.7
6" 2 3 1 2 93.2 89.2 24.4
7* 3 1 3 2 91.5 92.2 26.6
8" 3 2 1 3 92.4 90.3 28.6
9* 3 3 2 1 92.2 91.0 32.1
(k), 91.333 91.933 92. 033 92.267
(ki ), 93. 700 92. 967 92. 800 92. 367
(k)5 92. 033 92. 167 92.233 92.433
R, 2.367 1.034 0.767 0. 166
(ky), 89. 800 90. 267 89. 333 90. 400
(ky), 90. 333 91. 533 90. 233 90. 333
(ky)s 91. 167 90. 500 91.733 90. 567
R, 1.367 0. 266 2. 400 0. 234
(ky), 20. 333 22.433 23. 967 24. 567
(ky), 22. 967 24. 000 24. 867 23. 900
(ky)s 29. 100 25. 967 23.567 23.933
R, 8.767 3.534 1. 300 0. 667
k3 FEHH
Tab.3  Analysis of variance
LD Lg% 3 5 A ¥y F wEMP
A 8. 869 2 4. 434 210. 052 * ok
42k B 1.762 2 0. 881 41.736 o
L& C 0. 949 2 0.474 22.473 *
6
A 2. 847 2 1.423 32. 846 ok
SEH L FL B 0.127 2 0. 063 1. 461
FI c 8. 820 2 4.410 101. 769 ® ok
6
A 121. 406 2 60. 703 143.394 ok ok
e e B 18. 807 2 9.403 41.736 ok
421 C 2. 660 2 1.330 22,473
6

TP <0.05 83 1000 # # ;P <0.01 A G0 + * *
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Fig.4  On site filling drawing of water sealed blasting
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