5545 B4 4 ) F B I & Vol.45 No.4
2025 4E 8 A MINING AND METALLURGICAL ENGINEERING August 2025

EF it AHP-TOPSIS MR B H) Z R Fl h SR
K AEEIE

Kww, A, HFEX
(BWA GRSV BN AT, =/ B 650202)

B E: T MOIMEGER G (AHP) £ RA 7 AR i 7 rp A B0 M B ALY A 2 PSS R R, 5 ARSI BIE IR AL 2 b
JE R E T A3 R 1, DASZD R U 22 358 6 NI A 1A B AL AR T S IRAG 58 AHP 1 JRiBR . K ik B2 VR A ik 5 2 3 3
R EHEF 1k (TOPSIS) #4456 M T 2 2R 2R E 2 Hin ZHnsr G IPM AL, 0 TR 0RH ERED R AL, &
T, T A1 T A 2 075 3 BRI AT E KR O 0.177 9.,0.822 5.,0.648 3, W18 VT 58 2 ([RIRIRIE K- A3 B 1) 73 B s i s se
22) A IIAIE FERA T8, FERTI5 58 2 A TRUEAREHL 45 R SR FEm IR Be MR RIS 1207 R MR B K TSR 290 72.94 mm,
2 W B BCFE SR X M 2R Tl IX B2 ma /N

KR MR PIETAR; R IEILE; BT ; TOPSIS; 43 Beas il J5 Foliik ; MR UikE

hE 45 TD853 MHEFERERD: A doi ; 10.3969/].issn.0253-6099.2025.04.009

XEH S 0253-6099( 2025 ) 04-0052-06

Optimization of Mining Methods for Gently Inclined Phosphate Ore Body
Based on Improved AHP-TOPSIS Model

WU Shangrong, CHEN Banghong, FEI Zhiwen
( Kunming Engineering & Research Institute of Nonferrous Metallurgy Co. , Ltd., Kunming 650202, Yunnan, China)

Abstract; In order to solve the problems of fuzziness, randomness and uncertainty in optimization of mining method by
traditional analytic hierarchy process (AHP), some measures, including introducing fuzzy theory, optimizing judgment
scale and constructing optimal transfer matrix, were introduced to reduce subjective deviation and enhance the processing
ability of uncertain information. Then, based on the combination of improved analytic hierarchy process ( AHP) with the
technique for order preference by similarity to ideal solution ( TOPSIS), a comprehensive evaluation system with
multi-level , multi-factor, multi-objective and multi-index characteristics was constructed and applied to the optimization
of mining methods for a gently-inclined medium-thick phosphate ore body. The analysis shows that the relative closeness
coefficients of those three mining schemes are 0.177 9, 0.822 5 and 0.648 3, respectively. Scheme 2, namely sublevel
open stoping with subsequent backfill, is primarily determined as the suitable mining method for the mine. The numerical
simulation of Scheme 2 also shows that the maximum surface subsidence in this scheme can be controlled within 72.94 mm
indicating that the mining operation at this stage brings little impact to the surface industrial zone on the mining site.
Key words: gently inclined ore body; medium-thick ore body; mining method optimization; analytic hierarchy process
(AHP) ; TOPSIS; sublevel open stoping with subsequent backfill; surface subsidence
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Fig.1 Steps for solving weight vector with improved AHP
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Fig.2 Evaluation index system for optimizing mining method of

gently-inclined and medium-thick phosphate ore body



55 4 )

B A FET UG AHP-TOPSIS P81 9 R P BT R 5 ik Ak 55

PERAR R X, X, X5 X, X X W EFER, 7]
HRYEFRAER R 7 3k ] 25 20 Ll 52 45 1% o 3k A5
MIAASE L KR AT AAET . M IR R X,
Xo Xo Xy MR, PEM SR AR 4F I —
M 22 AEH 25 5 NS MR 10,8.6.4 .2 4143
B, A58 3 P RBCR Ik I e An fE I E& 1
JIiR .

&1 MR FHEENIERE

Table 1 Evaluation indicators of three mining methods
TR bR #
s — VES K2 HRE3
e ferhi)at R g R

FOUEMAR X, /(OG- ) 5119 4142 4352
T AR X,/ % 78.50  76.36  73.34
WA X,/ % 1020  13.11 1146

KETFERES X/ (0 d7!) 696.97 1060.61 1060.61

KT X5/ (m - k1) 5.20 4.66 6.50

G T,

BORMESRIR T,  Jr R G SENE X 4 6 3
I THES Z X, 8 4 6

W AR X/ % 6 3 3

AR T, Wiz 2rt X, 4 3 6
WM X, 6 8 8

3.2 IEHRINEHE

SOBAS B TR HAR S5 SRR T 1 WL
FEKF AEHUKT-AE, B RIS R RS #E
S ] AR A AN K, T A [ AT S5 43 A 545 B0
IO & - A TE 2 N

HRAE AHP JEAS JFUHURISCHk [ 8], 45 A 24 B 3R A
T AR =B T I, SR K2 E VIS B b
WESZHEbS T AT e R T, F ARG bR T, L1
bR T, MRIIG LR RN .

1 4 3 1 4 3
r=(1 1 12|, T, =|1/4 1 4/5]|,
173 2 1 /5 574 1

1 83 1/2 3/4 3/2

3/8 1 4/3 2 4
1 8/7
T,=| 2 34 1 32 3 ,T3=[ )
78 1
4/3 172 3/2 1 2
32 174 1/3 172 1
IR AHP " 45 31 B A R ) B (E N 2 BT,
IR 2 B HEN EAE S AR bR E A B ) 15 3 446 bR
I | U J Z2 0 bn i 1125 50
3.3 BHERMIBHRHNEETM
MR (2) M 3E R L FIWTHE RS P FE4 7 R EE
BIFMFEARA R, X, X, X X, X, BT RASER,
X2 \X4 \X6 \Xg \X10E?§ﬁ§*g$%,ﬁﬁﬁ(3) ~ (5)/?‘%:%”

F®2 MM AHP REMNEREE
Table 2 Weight vector value determined by improved AHP

T FE AR 2 A fbRE AR
T2 HE EisaN & E
X, 0.690 8 0.4318
LTVESRYR T, 0.6250 X, 0.148 8 0.093 0
X, 0.160 3 0.100 2
X, 0.201 8 0.0276
X 0.245 6 0.033 5
HARMAGR T, 0.136 5 X 0.2319 0.0316
X; 0.213 8 0.029 2
X 0.106 9 0.0146
GV bR T, 0.238 5 X 0.5333 0.1272
X 0.466 7 0.1113

FREALHIIE Q. RIS (6) M 2 s brkl i, 155
FRUEALIBCHIE G R,
51.19 78.50 10.20 69697 520 4 8 6 4 6
P =14142 7636 13.11 1060.61 466 6 4 8 8 8
43.52 73.24 11.46 1060.11 650 8 6 8 6 8

[0.3494 0.0930 0.1002 0.0181 0.0300 0.0158 0.0146 00146 00636 0.0&35]

R =

04318 00905 00780 00276 00355 00237 00292 00110 01272 00113
04110 0089 00892 00276 00240 00316 00195 00110 00954 00113

ARG (7) THEINAUE — A B ) BEAR i, 15 2
TIASOA TR AR 4 1) T B AL i R £ BHRAEL i
R = (04318,00930,0.1002,00276,0035 5,0.031 6,0.022,0.014 6,0.127 2,0.111 3)
{ R = (03494,00869,0078 0,001 1,0.0240,0015 8,0014 6,00100,0.063 6,0.083 5)
RAE(8) L (9) 3B IL R A 7 3
IE AR AR IR 40 o, FORIS L R B TS
R 3 s,

F3 HEBEMEMNMWEETELER
Table 3 Calculation result of distance and

relative closeness coefficient

FRRIERD 7k d;* d;” E*
ES! 0.1104 0.0239 0.1779
EY 0.023 7 0.1100 0.8225
UE X 0.042 3 0.078 0 0.648 3

MR 3 455, 48 2 B IEFAE ) IR 25 a5/ )y, &)
7 FRALU i A0 B e A, REDOT I I R A R, U %8 2 1)
FIT AR /N IR et R, B, SRR 2
VER AR SCEAGR R B 18 B R TR
3.4 TARIE

HE2 R RBEEWMAE 3 s, i P E mfi &,
WP 50~ 100 m, 7 B 58 B2 0K IR BE o B FE
20 m L RIVEAE [m) A ) FE R B, 0 A R 4~6 m,
KHAMAGEEA 4 m’ BBmP s, RigER
SRR R A K RAD X R A AT SR, R A R



56 7R

T

o545 %

R, ik 2 R NI AR X,
ZOTEEAET I P T TR0 AR R X sk
Uik EHR ST, %R 2 EEHARAT RN R
FEREST 1100 v/d, [P 85.7% 0 A F ALK 12.34% ,
FUI 4.5 m/kt, PERFNFEEL LA 42 0/t 35 3 T

FEHMRRIE| | I | N
L2 | o
i7:21.49% Il | }
|

= 7

B Il

72.94 mm , ZEA A FR G AR o6 X 3 Tk 3 i
M4 /)N, B PR L R REAS LRI M 3R Tl b i 22 4

®4 AEMERERFEIEGHT SR
Table 4  Settlement indicators after mining and filling

at different stages

Bl S NRABE
B3 AR2RTTEE
Fig.3 Schematic diagram of mining by Scheme 2

4 PCHERA LR AR

TRERH R IFSRRAT 7 1% BE R34 5 25 e Ml e A 1
MR DRSS, AR TR 2, T X HJE Mo i £ 1
FCA R )2 250 ST — BB R X B B 4 o] R
JeRezS X FE I IR A BN, 4% /] 1790 ~ 1 930 m( By
Bt1).1590~1770 m( B 2) .1390~1570 m( FrB&
3).1190~1370 m( Bt 4) . 1030~1170 m( BB 5)
(RN 3447 101 SR 7o S A 400 11550 A Bt 1
] SR 70 3L A ) 350 T e R S 0L g o3 A, AR 4
7N ANRIBT B IRk RIS B TTREFa bR N2k 4 FoR

' -LI532E+06
-5.0000E+06
| -1.O00OE+07
-1.5000E+07
-2.0000E+07
-2.5000E+07

I -3.0000E+07
-3.5000E+07
-4.0000E+07
-4.5000E+07
-5.0000E+07
-5.0265E+07

4 RN ERKENNSH
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