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Research on Optimization of Stope Structure Parameters Based on DBO-MLP-SVM Algorithm Combined with Numerical Simulation
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(1.School of Environment and Resources, Southwest University of
Science and Technology, Mianyang, Sichuan 621010, China;
2.Jinchuan Group Co., Ltd., Jinchang, Gansu 737100, China;
3.Sichuan Zhuchuang Safety Technology Co., Ltd., Chengdu, Sichuan 610046, China)

Abstract: Aiming at the problems that the traditional engineering analogy method is easily affected by subjective evaluation, and
that the simple numerical simulation method involves complex modeling and heavy workload in the optimization of stope
structure parameters, an artificial intelligence stope parameter optimization method based on DBO-MLP-SVM is proposed. The
Dung Beetle Optimizer (DBO) was used to optimize the performance of Multilayer Perceptron (MLP) and the Support Vector
Machine (SVM). The two were fused to overcome the defect that MLP is easy to fall into a local optimum, and the relevant
mine stope parameters and stope stability classification data were collected to train the proposed model. Taking a limestone
mine in southwest China as an example, the stability classification under different pillar widths was obtained by substituting the
model, and the stope displacement, pillar deformation and surface settlement were analyzed and verified by FLLAC3D numerical
simulation. The results show that the DBO-MLP-SVM model predicts that the stope is stable when the pillar width is greater
than 8 m, and the optimal stope structure parameter is pillar width X spacing = 8 m X 8 m, which is consistent with the
numerical simulation results. Compared with the traditional engineering analogy method, the production capacity of the stope
after intelligent collaborative optimization increased by 51.80% , and the loss rate and dilution rate changed little, which
effectively balances production efficiency and safety. This method provides an efficient and accurate technical approach for the
optimization of stope structure parameters, which can serve as a reference for the optimization of mine stope parameters.
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Table 1 Statistical characteristics of pillar indicators

EEATD Pw/m Py/m Sucs/MPa S aps/MPa
T E 9.20 12.35 160.28 63.05
K e 2 45.00 520.00 316.00 638.00
PN ] 1.90 2.33 42.00 11.00
/M 8.09 37.54 63.73 60.06
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Table 2 Pillar parameters and stability classification

Pw/m Py/m Sucs/MPa  Saps/MPa  Fa g 42
3.80 6.00 240 68.00 0
6.00 6.00 240 84.00 0
5.90 4.00 172 49.60 1
7.20 4.00 172 56.70 1
4.60 4.50 172 93.50 —1
4.60 4.50 172 93.50 —1
9.80 7.00 80 50.40 —1
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Table 3 Confusion matrix for ternary classification
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Table 4 Field-measured pillar parameters and

stability classification

Pw/m Pu/m Sucs/MPa  Saps/MPa  FE M2
7.00 12.00 80.00 43.04 —1
8.00 12.00 80.00 25.11 0
9.00 12.00 80.00 26.04 0
10.00 12.00 80.00 21.09 0
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Fig.16 Numerical model of a limestone

mine in Southwest China
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Table 5 Physico-mechanical parameters of rock

mass in underground mining engineering

vohn o EE ME Sk

s v \
ae SR wmE e omm owm TR
™7 5 /MPa MPa /() Euwm/GPa *

KA 26.362 0.225 1.526  41.06  10.94 0.25
A 24.425 0.173  1.290  39.68 8.88 0.30
’H 21.250 0.038  0.520  25.24 2.90 0.35

33 HRaW
3.3.1  RIAHFE W EE T R 37 AR T 0 #8721k

Tﬁﬂi%ﬂgEﬂkﬂilﬁ"]%%’@ﬁ%%%ﬁﬁﬁﬁ%
MR, TitE 208 52T &8k, Rk
FR XU s . R, Tﬁﬁﬂl‘kﬂﬁ% WK A T A
R TA SR 25 DXL e M 1 AR

KA RS BN 8 m B B T Ak A T B RS
= EE 18 P, M FESEEE N 7 m B, R TR
HRUUEER N 6 cm: S BEHSE 2 8 m I, fe RULRE &
H 4 em; T EARSEE E 9 m WL B RUTRE 2R 3.7
cm, XK TE— 0 [N g R A B R AT A R
) THUAS T 3 A8 T (L 410 ] A% SR %) 1 R R B i A R
() 18 KB W ek 55 . [R) BsF AT D, R X R Bk
75 DX T A A2 % TG B J 14



Z3p % A F DBO-MLP-SVM i B A& A AL W09 R 3 4 M A AL AT 2 [ )] 7 AR R 5 IF £, 2026,46(6). 39

I -3.00E-02

-5.00E-02
—5.40E-02

18 RGBT HEEASmHMEEEEELRZE
Fig.18 Cloud map of vertical displacement of roof rock

in stope under pillar width of 8§ m

3.3.2 ANFHHTERE PR AL L

KW AE Y 8 m IR AR AL RS a3 Al o 1
K19 s, S AETERE DY 7 m W AR A7 & A ek
JURER RIS 5 cm; JEEHE 28 8 m I, IR R PR 222y 3
ems 40 HE 58 BE ML 8 m i, TR AR TR | Bl 2 9
[ R SRR/ IV RSECEIRTE 3 &0

Hrf%/m
8.26E-02
8.00E-02
6.00E-02
i 4.00E-02
2.00E-02
0.00E+00
I -2.00E-02
-3.89E-02

B 19 RZFFHEED S mHERLBESH=E(KIRNA)
Fig.19 Displacement distribution nephogram of
stope floor under pillar width of 8 m

(viewed from floor perspective)
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Fig.20 The characteristics of surface subsidence before

and after mining under the stope pillar width is 8 m
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