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Strength Prediction Model of Filling Body and Parameter Optimization Based on Stope Structure Parameters
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Abstract: The strength design of filling body is often determined by indoor proportioning test or engineering experience method,
but the influences of stope structure parameters such as stope height, stope length and stope width on the strength of required
filling body are ignored. Taking a copper mine as the engineering background. based on the L-L strength analysis method, the
theoretical strength values of filling body in one-step stope and two-step stope under different structural parameters were
calculated by orthogonal tests. The results show that the influence weights of stope structure parameters on the theoretical
strength of filling body are ordered as follows: stope height > stope width> stope length. The strength prediction model of
filling body in one-step stope and two-step stope was constructed, combined with the existing filling technology, the stope
structure parameters were optimized reversely. Finally, the optimal stope structure parameters are recommended as follows:
stope height of 5 -25 m, stope width of 9 =12.5 m, and stope length of 80 =120 m. The structural parameters of the stope have
been used for on-site production, with strictly controlling the construction specifications of the stope, as well as eliminating the
phenomenon of over-excavation and under-excavation. The practical results show that the collapse phenomenon caused by
unreasonable structural parameters of the stope and insufficient strength of the filling body basically disappears. The research
results can provide reference for the theoretical strength prediction of filling body and the optimization of stope structure
parameters.
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Fig.1 Analytical model of filling body

strength of Mitchell method
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Table 1 Physical parameters of filling body and

related parameters of analytical method
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Fig.3 Schematic diagram of surrounding rock pressure arch
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Table 2 Influencing factors and levels of orthogonal test
P3EE F % KFELT KFE2 KFE3 KFE4
KFHKE L/m  40.0 80.0 120.0  160.0
— L BRRY RYIEE B/m 5.0 7.5 10.0 12.5
XY E H/m 5.0 15.0 25.0 35.0
T REKEL/m 400 80.0 1200 160.0
ZHBRY RBIEE B/m 5.0 7.5 10.0 12.5
RYEE H/m 5.0 15.0 25.0 35.0
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Table 3 Orthogonal test design of structural

parameters of one-step stope
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Table S Theoretical analysis results of filling body

strength in one-step stope

Bl RHKE L/m  RGEE B/m  REG&EE H/m

GO1 40 5.0 5
GO2 40 7.5 15
GO3 40 10.0 25
G04 40 12.5 35
GO5 80 5.0 15
GO06 80 7.5 5
G07 80 10.0 35
GOS8 80 12.5 25
GO09 120 5.0 25
G10 120 7.5 35
G11 120 10.0 5
G12 120 12.5 15
G13 160 5.0 35
G14 160 7.5 25
G15 160 10.0 15
G16 160 12.5 5
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Table 4 Orthogonal test design of structural

parameters of two-step stope

Eigl RGRKREL/m  RGBWE B/m R%EE H/m
Hol 40 5.0 5
Ho2 80 5.0 15
Ho3 120 5.0 25
Ho4 160 5.0 35
Ho5 40 7.5 15
Ho6 80 7.5 5
Ho7 120 7.5 35
Ho8 160 7.5 25
HO09 40 10.0 25
H10 80 10.0 35
H11 120 10.0 5
Hi2 160 10.0 15
H13 40 12.5 35
H14 80 12.5 25
H15 120 12.5 15
H16 160 12.5 5
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GO02 40 7.5 15 0.40
G03 40 10.0 25 0.67
G04 40 12.5 35 0.89
G05 80 5.0 15 0.51
G07 80 10.0 35 1.10
H/B>>tana
G08 80 12.5 25 0.67
G09 120 5.0 25 0.94
G10 120 7.5 35 1.25
G13 160 5.0 35 1.37
G14 160 7.5 25 0.88
SGol 0 5.0 5 o1
G06 80 7.5 5 0.15
Gl11 120 10.0 5 0.16
H/B<tana
G12 120 12.5 15 0.42
G15 160 10.0 15 0.41
G16 160 12.5 5 0.17
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Table 6 Theoretical analysis results of
filling body strength in two-step stope
a3 miii/{;llﬁ m?/ﬁf}lﬁ mi?;‘i-’;&% H/ﬁ’zjjl?,%am i
HO1 40 5.0 5 0.11
Ho2 80 5.0 15 0.20
HO03 120 5.0 25 0.25
Ho4 160 5.0 35 0.27
HO5 40 7.5 15 0.25
HO06 80 7.5 5 0.13
Ho7 120 7.5 35 0.36
Ho08 160 7.5 25 0.31
H/L<tana
HO09 40 10.0 25 0.37
H10 80 10.0 35 0.43
H11 120 10.0 5 0.14
H12 160 10.0 15 0.28
H13 40 12.5 35 0.49
H14 80 12.5 25 0.41
H15 120 12.5 15 0.31
H16 160 12.5 5 0.15
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Table 7 Range analysis results

KE SE mE KE O EE SE
L/m B/m H/m L/m B/m  H/m

K, 2.10 2,96  0.62  1.22  0.83  0.53
K, 243 268 1.74 117 105  1.04
K; 277 234 3.6 1.06 122 2091
K. 2.83 215  4.61 1.0l 136  6.03
ki 0.53  0.74 0.6 031 0.21  0.13
ks 0.61  0.67 0.4  0.29  0.26  0.26
ks 0.69  0.59 079 0.27  0.31  0.73
ky 0.71  0.54  1.15  0.25  0.3¢ 151
R 0.18  0.20  0.99  0.06  0.13  1.38
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Table 8 Correlation coefficient of strength

prediction model of filling body
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Fig.5 Relationship between stope structural
parameters of one-step stope and theoretical

strength value of filling body
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Fig.6 Relationship between stope structural

parameters of two-step stope and theoretical

strength value of filling body
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Table 9 The design factors and levels of orthogonal

test of stope parameters

PR B K% KF1 o KFE2 KFE3
KK L/m 40 80 120
— 4Ry RYBWE B/m 9 11 13
XY E H/m 5 15 25
""""""""""""" FHKEL/m 40 80 120
ZHRRY RYYE B/m 9 11 13
XY H/m 5 15 25
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Table 10  Theoretical prediction values of filling body strength

for recommended structural parameters of one-step stope

g5 R E R 96 B R SR E/
L/m B/m H/m MPa
X01 40 9 ) 0.12
X02 40 11 25 0.65
X03 40 13 15 0.36
X04 80 11 15 0.41
X05 80 13 ) 0.12
X06 80 9 25 0.75
X07 120 13 25 0.73
X08 120 9 15 0.46
X09 120 11 5 0.13

Rl ZHBRRGEFLEMSEERBEFTNE
Table 11  Theoretical prediction values of filling body strength

for recommended structural parameters of two-step stope

a5 Rk R 9 56 KRG E SREBIE/

L/m B/m H/m MPa
Y01 40 9 5 0.15
Y02 80 9 25 0.34
Y03 120 9 15 0.25
Y04 80 11 15 0.29
Y05 120 11 5 0.16
Y06 40 11 25 0.39
Y07 120 13 25 0.40
YO8 40 13 15 0.32
Y09 80 13 5 0.18
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