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Abstract; There are many factors influencing the punching effect of open-air water holes, and it is of great
significance to study each factor to control the sensitivity of the punching effect. Based on the principle of orthogonal
design,9 on-site blasting tests were carried out in Manjiazhai stope. Punching rate, average punching height of
packing body and average punching acceleration of packing body were used as test indicators, and SPSS statistical

software was used to introduce range analysis. With analysis of variance, four factors, including explosive unit
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consumption, packing length, packing particle size and hole spacing, which may affect the test index.are studied to

control the sensitivity of the test index. The results show that only the packing particle size and packing length have

a significant influence on the punching rate.and the most significant factor is the packing particle size. The packing

length has a significant influence on the average punching height of the packing body,and the packing particle size

and the unit consumption of explosive have a significant effect on the packing. The average punching acceleration of

the volume has a significant impact,and the packing particle size is the most critical influencing factor. The optimal

blasting parameter combination during mining in Manjiazhai stope is obtained. The unit explosive consumption is

0. 35 kg/m?,the packing length is 5 m, the packing particle size is 5— 10 mm, and the hole spacing is 7 m. The

parameters are substituted into the on-site production blasting. The post-punching rate dropped by 79. 75 % , which is

of guiding significance for subsequent production blasting and similar engineering practices in the stope.

Key words: water-bearing blast hole; punching effect;field test;orthogonal design;sensitivity analysis
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Punching phenomenon of stope packing body

Fig. 1
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Fig. 2 Test technology roadmap
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Table 1 Level of each factor in the orthogonal design
Factor
Level A(Unit consumption)/(kg * m™*) B(Packing length) /m C(Packing particle size) /mm D(Hole distance) /m
1 0. 35 4.0 1—3 5.0
2 0. 38 4.5 3—5 6.0
3 0. 43 5.0 5—10 7.0

x2 EXRWiEITR L (3Y)
Table 2 Orthogonal experimental design table L, (3*)

Factor

Test number - - ;
A(Unit consumption)/(kg * m %)

B(Packing length) /m

C(Packing particle size) /mm D(Hole distance) /m

1 0. 35 4. 00
2 0. 35 4.50
3 0. 35 5. 00
4 0. 38 4. 00
5 0. 38 4.50
6 0. 38 5.00
7 0. 43 4. 00
8 0.43 4.50
9 0. 43 5.00

1—3 5.0
3—5 6.0
5—10 7.0
5—10 6.0
1—3 7.0
3—5 5.0
3—5 7.0
5—10 5.0
1—3 6.0
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Fig. 3 Test explosion area and instrument layout
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Table 3 Table of basic mechanical parameters of rock mass in stope test area

Lithol Degree of Density/ Compressive Tensile Elastic Poisson's
-tholosy weathering (g+cm ?) strength/MPa strength/MPa modulus/GPa ratio
Marble Apoplexy 2.70 46.75 2.28 55. 00 0.19

Skarn Apoplexy 3.21 44. 26 2.16 0.19 0. 20
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Table 4 Orthogonal test results

Factor Test results of each index
Test number - - - -
A/(kg+m™?) B/m C/mm D/m Q% Hx/m ar/(m e s™2)
1 0. 35 4. 00 1—3 5.0 25.0 3. 40 338.52
2 0. 35 4. 50 3—5 6.0 15.0 2.25 322. 14
3 0. 35 5.00 5—10 7.0 5.0 1.48 291.55
4 0. 38 4. 00 5—10 6.0 10.0 4.22 311. 45
5 0. 38 4. 50 1—3 7.0 20. 0 2.67 351. 68
6 0. 38 5. 00 3—5 5.0 10.0 1. 84 329. 61
7 0.43 4. 00 3—5 7.0 15.0 3. 95 345. 16
8 0.43 4.50 5—10 5.0 10.0 1.95 329. 33
9 0.43 5. 00 1—3 6.0 20. 0 2.45 378. 64
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Table S Range analysis of factors affecting punching rate

Test index K A B C D

Kii 45 50 65 45

Ki» 40 40 40 45

Kis 50 35 25 40
ki1 15. 00 16. 67 21. 67 15. 00
/% ki 13.33 13.33 13.33 15. 00
ki3 16. 67 11. 67 8.33 13. 33
Range 3.44 5. 00 13. 34 1. 67

Factor order CBAD
Optimal level combination CsB3; Ay D;
x6 MAEEEZMFTENSN
Table 6 Significant variance analysis of punching rate
Factor Sum of squares Degree of freedom F Fo.05(2,3) Sig
A 7.86 2.00 1. 41 9.55 —
B 66. 76 2. 00 12.02 9.55 —
C 272.23 2. 00 49.13 9.55 *
D 15. 58 2. 00 0. 05 9.55 —
Error 5.56 2. 00 / / /
Optimal level combination after C.B. AL D

variance optimization

2.2 EMHIEEZENEZHRESF

Xof IE 3E B 145 5L v 5 e o7 2 oh L e B T 45 PR
R G HE, BAASR L 7. % 7 Al AL W T
BORZERK B MR 2 m K, HikEHF AEZ H$
O LHE RN T DL . &5 &R T COHIER
2 o R 4 TR F- 6 H oy P27 b AL g B 11 s o 4

K BNHERE B B-A-D-C, H 265 T8 B
T B FRX H 0 SUSE f hE g PR . AR A
ST Ho B /)N 6 S ) 25 B R R B R A R
T S5 K P 1 3 BB S H o de /i LA A
K AR D FlH A& F A SE 5 W] 5, I i AR 5 %
2o TR B K468 BsAID G,

R7T TFHNILSEXZWMERRESNR

Table 7 Range analysis of influencing factors of average punching height

Test index K A B C D

K1 7.13 11. 57 8.55 7.19

K2 8.73 6. 87 8. 04 8. 62

Ki; 8.35 5.77 7.65 8. 10

ki1 2.38 3.86 2.85 2.40

Ha/m kio 2.91 2.29 2.68 2. 87
ki3 2.78 1.92 2.55 2.70

Range 0.53 1.94 0. 30 0.47

Factor order BADC
Optimal level combination B3;A1 D, Cy
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Table 8 Significant variance analysis of average punching height

Factor Sum of squares Degree of {reedom F Fo.05(2,3) Sig*
A 0.47 2.00 0. 96 9.55 —
B 6.33 2.00 12.92 9.55 *
C 0.13 2.00 0.27 9.55
D 0.21 2.00 0.42 9.55
Error 0. 49 2.00 / / /
Optimal -level Contlbi.nati-on after B.A,D.C,
variance optimization
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Table 9 Range analysis of influencing factors of average punching acceleration

Test index K A B C D
K1 952. 21 999. 85 1 068. 84 997. 46
K 992. 74 1 003. 15 996. 64 1012.23
Kis 1053.13 995.13 932. 33 988. 39
ki 317. 40 333.28 356. 28 332.49
ay/(m e+ s72) kio 330. 91 334. 38 332.21 337.41
kis 351. 04 331.71 310. 78 329. 46
Range 33. 60 2.67 45.50 7.95
Factor order CADB
Optimal level combination C;A1 D3 B;
R0 FHMIMEEZRZEFESN
Table 10 Significant variance analysis of average punching acceleration
Factor Sum of squares Degree of freedom F Fo.05(2,3) Sig”
A 1719.39 2.00 17. 81 9.55 *
B 10. 82 2.00 0.11 9.55
C 3 108. 83 2.00 32.21 9.55 *
D 35.22 2.00 0. 37 9.55 —
Error 96.53 2. 00 / / /
Optimal level combination after CoADsBs

variance optimization
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Table 11 Punching rate statistics before and after optimization

Production Test binati Number of Number of Number of Water hole
st combination
platform este e blast holes water holes punching holes punching rate/ %
1000 Before optimization 95 39 9 23.07
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