ISSN 1005 —2763 BB RE A F 45 A F 38 2025 % 3 A
CN 43 -1215/TD MINING R & D, Vol.45,No.3 Mar. 2025

E TN HEERRZEHSHRLTESHRIESTT

_H_/a;—, 2£.1.2.3.4 '?'xll 1,2,3,4 ,}‘;IJ l;&xl,?.fﬂ& ,;‘Eg;ég/‘:%l 12+3,4,5

(LAdE TR ok TR 22 Be,  WIdb FEIuTT 0632105
2 AL TR 0 IR O R SABMEE B FEEH L, Wdl LT 0632105
3ARALFE TR 2% b o Il 2 A G I RER QB ey, Wdb FEILTT 063210
AALACEL TR 2E WAL R I R 5 E 28R, Wdb HilT 063210;
5.7 b AN ER S VDAl h Gk IR AR, dAdk BB 054100)

HE AMERGEMNAHBERSGEFHAOTRABRE TR RAREFER AT L ET AR . TR EM AT
A, A AR BREITT N, L AT E2ARATAS. AL ALAREMEIERE Mathews BEBEMF HET
R EEF R ERE, KRG AN FLACD HMEBEMERL T R MR RRAGEZHMEM AR TG T HAE . Lo LB
FEMET R TR AR ETRMNER KA T YRR MRAEHNEIHZHRARR AR IR XL, RE.GAFELET%
L5 F KD HRGHITT R EMARRA, FHIT T L RXBBIELE RSN, EREAN.ZF BHRERFRAAVE, 2
R E R TR % zi’r%ﬁifcﬁiﬁ‘c& MK B BRAR R K K3 R KRE R GE BT R RERGEH LKA
5% 12 m, % 36 m, & 60 m, KL %M A K /rT\EUiiyii‘\EB%/?ﬁiiib-‘?%yﬂb'ﬁﬁ‘\%ﬁﬁ& BER R T A i A28 R 4
#’a%“%&\ifiﬁmiﬁlﬁi%%/\iaiﬁ b BRI,

KGR R &M ARG HBR A 00 B @ s Mathews #4 8 B ik 5 A

FE 43S TD325; TD852 XHRARIRED : A X EHS 1005 -2763(2025)03 —0031 —10

Optimization Method and Sensitivity Analysis of Stope Structure Parameters Based on Response Surface
GAN Deging"**"', MENG Qi"***, LIU Zhiyi"**", LU Yanze"'***®
(1.College of Mining Engineering, North China University of Science and Technology. Tangshan, Hebei 063210, China;
2.Collaborative Innovation Center of Green Development and Ecological Restoration of Mineral Resources,
North China University of Science and Technology, Tangshan, Hebei 063210, China;
3.Green Intelligent Mining Technology Innovation Center of Hebei Province,
North China University of Science and Technology, Tangshan, Hebei 063210, China;
4.Hebei Province Key Laboratory of Mining Development and Security Technology,

North China University of Science and Technology, Tangshan, Hebei 063210, China;

5.Shahe Zhongguan Iron Mine Co., Ltd., Hebei Iron and Steel Group, Xingtai, Hebei 054100, China)

Abstract: To solve the problem of roof instability or insufficient production capacity caused by unreasonable values of stope
structure parameters, an iron ore mine in Hebei Province was selected as the background to optimize the stope structure
parameters and analyze their sensitivity. Firstly, a rock mass quality investigation was conducted and the extended Mathews
stability chart method with stable probability was used to preliminarily determine the width and length range of the stope.
Then, FLAC3D numerical simulation was used to explore the deformation law of the maximum displacement of the stope roof
with the variation of structure parameters. Combined with response surface method, a prediction model for the displacement of

the stope roof was constructed, and the sensitivity of the single factor affecting the displacement of the stope roof and their
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interaction relationship were explored. Finally, considering safety and block size, the stope structure parameters were

optimized, and industrial experiments were conducted to verify the rationality of the results. The results indicate that the

overall rating of the ore body is grade V , and the rock mass quality is very poor. The sensitivity of the roof displacement of the

stope to various parameters, from high to low, is as follows: stope width, stope length, and stope height. The optimal stope

structure parameters for this ore body are a width of 12 m, a length of 36 m. and a height of 60 m. When using the structure

parameters for recovery, the contour of the goaf is relatively flat and stable. The research results can provide theoretical basis

for selecting reasonable stope structure parameters and correctly coordinating stope safety and production capacity.

Key words: Stope structure parameter, Sensitivity analysis, Response surface method, Mathews stability chart method,

Numerical simulation
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Table 1 Parameters of structural plane

1 VAR Vi V) R/ TR/

LR ) ) (%k/m) (%/m*) T
1% 112.20 60.70 2.325 2 8.82 REE
2% 211.14 37.36 2.288 5 5.12 EH
3% 132.21 66.79 3.551 3 9.52 REE
4% 353.48 23.62 4,458 6 9.21 WEH
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Table 3 Fitting equations for stability probability

TaE AR/ % N
95 InN=1.819 752 77InS —0.020 0
90 InN=1.819 752 77InS —0.962 5
80 InN=1.819 752 77InS —1.985 4
70 InN=1.819 752 77InS —2.665 2
60 InN=1.819 752 77InS —3.222 5
50 InN=1.819 752 77InS —3.734 0
20 InN=1.819 752 77InS —7.448 0

0

InN=1.819 7527 7InS —5.482 6
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Fig.4 Relationship between allowed exposure length

and roof hydraulic radius under different mining widths
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Table S Schemes of orthogonal test and

results of numerical simulation

RYGEE REWE RBKE  DURTE ED/

£
Nl

W/m H/m L/m i/ mm mm
1 9 15 36 35.885 14.115
2 9 30 18 32.978 17.022
3 9 45 36 40.779 9.221
4 9 30 54 48.413 1.587
5 12 30 36 49.911 0.089
6 12 45 54 57.903 7.903
7 12 15 54 47.072 2.928
8 12 15 18 38.522 11.478
9 12 45 18 38.520 11.480
10 15 30 54 61.732 11.732
11 15 45 36 55.574 5.574
12 15 30 18 46.333 3.667
13 15 15 36 51.719 1.719
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Table 6 Correlation indicators of the prediction model

KR REl 1 H ¥or F {§ P i
LA 978.16 9 108.68 214.43  <<0.000 1
w 410.45 1 410.45 809.8  <C0.000 1
H 47.91 1 47.91 94.53  <€0.000 1
L 431.7 1 431.7 851.7  <C0.000 1
WH 0.269 9 1 0.2699  0.5325  0.489 3
WL 0.000 3 1 0.000 3 0.000 6  0.980 5
HL 29.34 1 29.34 57.88 0.000 1
w? 5.28 1 5.28 10.42 0.014 5
H*? 37.38 1 37.38 73.76  <C0.000 1
L2 10.85 1 10.85 21.40 0.002 4
5k 2% 3.55 7 0.506 9 — —
S8 3.55 4 1.18 — —
4R 22 0.000 4 0.000 — —
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Fig.8 Single factor analysis of roof displacement
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Fig.11 Relationship between roof displacement

and ore block size
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Fig.13 3D model of goaf scanned by laser
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