Aaaiitd

Gold Science and Technology

Vol. 34 No. 4
Aug., 2026

$£34% F4H
2026 £8 A

926

ARER =T Y SR GRT TIEMIERXG
ES RN

TN S &

LRV IR BEA IRTUAEAF L WM KY> 4100125
2. &R INVE AR EFE GRS, W K 4100125

3. WA IR FE RGP FEHORBE S PG TR Kb 410012

W OE AR ERRTREZT AT EEGT RAESRY ERXOEEARIBR TRESRY)RT %
REMEZFFMHTEZEHATRGAE R, AT EBFT A TRE T, RA KRS (AHP) Fo A
MR SR AR ik AR 3AY A AR R P R B RS R, LB AARS ., 6 FLACT &
(AP R G AT AL BATINE B R BT BB R A 3.5~45 m LA 3~6 m b, R & K3z 5 7y fo S
BAART A 2R, AR E T ARBREAL T E2RE. AT REIREFEAGEZAT R
AR, BT RACRKF, R ke TIRIBAF A ZTF IR PR, A R MA L) &k e
TERBET 09 HA A

KRR B 45 AR R A T ARt s R % S5 M SRR BB AR I A2 5 A

FESES:TDSS3 XBIREHEML: A XELHS :1005-2518(2026) 04-0926-13  DOI: 10.11872/j.issn. 1005-2518.2026.04.350
SIFMEN: B4R0E, G AL R T F R B S R T ik R BOR S S M R R RALLT ] A K, 2026,34(4)
926-938.L1 Jinhui, ZENG Lingyi.Optimization of Mining Method and Optimization of Stope Structure Parameters for Broken Ore
Rock Conditions in Deep “Three Down” Orebodies| J |.Gold Science and Technology,2026,34(4):926-938.

ERE P I Y H 25 Ak , 1E 9K 50 4 8 4 Tk
1% SRR L2 0] AR AE A (Chen et al, 2015 ; 5K ZAREE,
2024; £ A, 2025) o TRERIF R IAEE AL % IR
G R S T U — sl Rt A )2
JIr A B v b RS TR S ) A R AR LA
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BRI TR 28 SRRl 4 T (W et al, 2019) .
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M BFFE N Bt — 220 AHP 50 Bk RS
PHAH Ak (TOPSIS) 55 J7 v& AHAE B, T2 A 138 an
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Fig. 1 Schematic diagram of ‘three down’mining space
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5.5 m, RIGEIAS B A . R AT £ E P17 R
U, 43 2 I 26 3 At 07 AT ', TG DB R O L AT
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Fig. 2 Comprehensive evaluation model of mining methods
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B T H AR 25 IR B T 1 P R AE ] e
BCEAE . f5eJa, i ad —SCHER I, B R A 2 il A
PR H 25—

R AR A D00 2 1) 8 A 5O 13 B S W R | 4k
T T3 A5 AR AR O A 1) 2, B R P 5 — Ak
JE AR RLE , —BOEAS I0 5 AR AR H5 2 (1) 2R A (i
A5 2025; 5KHI5E,2025) . SRR R ILE 1,

C]:Amax_n‘ (1)

n—1
Ko CLA— SR I FE A5 5 n A J0 0B B 1) R AE
R4 2 2 v A0 5000 o 0 DT R 7 0 A T — BOPE AG
5, 1A CR:%=0.054<0.1,%%ED§%B¢E~€%%?

x1 BROWER
Table 1 AHP results

P AR FEAE 1) FEAE/%
Eit! 2.082 13.907
b5 2 2.082 13.907
1615 3 1.736 11.592
Tebr4 1.913 12.78
845 5 1.022 6.829
f&h7 6 0.808 5.396
il 0.551 3.682
1645 8 0.449 3.002
879 0.682 4.557

TR 10 1.524 10.182
&R 11 0.899 6.004
155712 0.509 3.4

18513 0.713 4763

T R R A 14.016; CI{H 7 0.085

1 — EPE PR3 10 Il 22 B AT, G Y 2T )
PR, 3 3 AHP 35 TH 45 H A9 58 bR AR 1) 2 vl
FE B, BE B AR 8 ZR A R AR IS, WAE D - W=
[0.139, 0.139, 0.116, 0.128, 0.068, 0.054, 0.037,
0.03,0.045,0.1,0.06,0.034,0.05] .

®2 FHEN—-BEERRIE

Table 2 Average stochastic consistency index RI value

FEEARE I n RI FRIEARECE n RI
1 0 8 1.41
2 0 9 1.45
3 0.58 10 1.49
4 0.9 11 1.51
5 1.12 12 1.54
6 1.24 13 1.56
7 1.32
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RN EIX L) oy 2 B R 2 R L R
TR B KOS R A SRR PR =0 ) i
FudEk . [RIEE, A TR STy TR AL L A
BT I3 IS PRI R R X TR
LR AR T 6 TN A AR AR (WSR2 A
A 45 ), L ARBE v] a3 b S 5
THEARAS G5 RIL3R 3. HARTR bR R i P H8 b , 45
R ITIEAE LSRR T R IPPAL 25 R WL 4
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Table 3 Quantitative index values of evaluation of each mining method

S )Téﬁfﬁjfébl‘c?!i AR ARAE KL RET] KL Rl TAL
X/e-t) X,/% X,/% /(ed™) Xy/(m*-k7"et ") X/t THE)
N~ 53.6 10.00 5.00 100 48 50(HLAT)
HE 49.6 27.00 8.00 200 31.17 150
TE= 79.79 5.00 8.00 20002 k%) 22.88 140
R4 BRWFEENEERHR
Table 4 Qualitative description of the evaluation of each mining method
VES a2 ﬁiiiﬁ TAREBEYX, SaESREX, (FlZ2BEX, #EREMEX, FFaREX, ;i&;:;i%
E S Beaf B B Y B4 B = R
KR b 2% (Y Bt Ly as BUK BER
TE= pig 2% ey LA B UK BN
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25 MHERBEERE
PRI 28 DA 8 b o A — 25, X e F AR EA T
AL, B 2 5 SR T
(093 1 0.62]
05 0185 1
1 0625 0.625

R, .= 4
105 1 1 (4)
048 0.73 1
10.147  0.44 0.413

EVEFE BRI R R ook LR TR
PR LU A58 F A B R AIE ) s R
05 0 0]02]

eﬁ[l 0.5 0.5][1] (5)
105 0.5][1]

MR AR FFAE ] F R | 2F— 2D SR S8 S R R
R,=[0.111,0.444,0.444 ],

[F]FEA5 H R=[0.111,0.444,0.444] ,R,=[0.111,
0.444, 0.444] , R,= [0.222, 0.222, 0.555] , R, =
[0.333,0.333,0.333],R,,=[0.111,0.444,0.444 ] ,R,,
=[0.222,0.222,0.555],

LR DAL AT R R SR T B
[0.93 1 0.62

05 0185 1
1 0.625 0.625
0.5 1 1
048  0.73 1
0.147 044 0413
R=|0.111 0.444 0.444 (6)
0.111 0.444 0.444
0.111 0444 0.444
0.222 0.222 0.555
0.333  0.333 0.333
0.111 0.444 0.444
10222 0222 0.555
26 EMARBE

HR A A 2 A AR 1) i 5 e A i R R
ZATE S BEA NSV & B

B=W-R=(0.498, 0.557, 0.684)

LS T et R A T AR LR EE (LA 43
RN ) R — N 49.8%, 7% N 557%, )T %=
H68.4% . HEIL, 3FPRA 5L LR G R L T
TR ZSHEISHE—, MR A TR =,
R _E [ SRR
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31 EBEIES

K P B B3R AF FLAC™ FI 2 36 25 b i, %)
D356 HH 19 I ) O S 70 30 1) 45 40 S BIE A T S RN
ol (8 4 L5 ,2025) o ARIEZEVEED 00 A 5%
1, 25575 1B LR R A8 A S B A8 1 ARl 25 1]
VL K/ Nl it RST 2GR, 2% 07 1A R 45 5
B, ) R A e —725~—775 m P B AR
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() TREAT AT

SRUEF KA FR I 2 AR, BB B R B 1=
FE B 4.5 m, JE 3 55 B B 6 m, 32 85 (BB JUL 4R A
FLAC X} e K R G 45 i S8 AR e Moo R
PR I LRI AE S5 1, B (BB 15 8 R (i F
85° L 20 m KK BE 50 m = 42.5 m BRI A A
R 40 2 2 pig e 3, Bl RS B R A 7 1) 3~5 4%,
S B 4 300 m, K K 350 m, 55 ) R 350 m, A
R B LR, X Y I5 1] 4 A T AR
R B2 oAl FLA S, TR ER AL - 3 2 W )
(EAFHE,2024) . HBIRI 530 8 443 )2 , AR AR Y
A 53 J2 IO ) A7 A — A WD, A 104>
Mo MFETREE TR A g R —R—"HF
R, R 20X IR A BRI TR 50 BT, X 7
BRI 3 B .
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W XA SO Tz 8w s A
2R, BT AR ) 22 SRR e T T
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K B 5 BB AE R 0 PR 2 ik RMR 254 T 25 43
FIEM ROCLAB FHAHME IE A A1 J12- S50 i A5 1
FRHE TR BE N 116.1 MPa, FEAH A 1K J1 2% 2850
W35,
3.3 HEHMERSH

(1) FER 1 56853 by
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Fig.3 Schematic diagram of numerical model

RS FHENFESHIER
Table 5 Selection of mechanical parameters of rock mass
HIRZ R B/ (kg-m™) PAFUBL I /GPa FiR J1/MPa NEESEFR/() PUhiiE E/MPa Y17 Bt /GPa
iEE=3 2720 89.43 9.31 32.74 6.57 34.29
FEHA 2000 2.98 0.47 32.74 0.21 2.05
RN 4273 125.42 3.68 35.51 5.67 41.81

TR o IR a A v B A AR 1 R
HEATJR 7 | A5 TR ) T A0 W ) o551 e R 2 0 ) A
7 T A8 A% R W0 e ) /N = 10 ) A4 25 2R DL T 4
K5 FI 6,

R EN TS EE =B (E3) T LLE R E
— Iy R E S AR S — D e U
(PR JIBUE A 1.17 MPa, FERUS IR J147 ik, A
1.15 MPa; — L BRIF2)5 , $i ) 11 BT+ 2 4.67 MPa,
FEASE NG BN ) R B2 4.64 MPa, N\ 2 —
B e PN S A % 2.73 MPa; #£ 0 B8
FHZM I R, SR B 9 B R RS 4 +y
Fase , HAH 2 0 2.73 MPa. T5TA 43 J2 [FERAE

EN AT NS/ E2 S USSR (i & DANAD, S o

/NN L = B (B 3) el i fE—43 )2
Tz, —LIHZ)E RN TR 68.99 MPa,
FIE RN R R R s BRI Z R RN R
K% % 51.84 MPa, SLIE 58 W5 , I S0 51.84 MPa.
1E\Gr 22— A A RIS R v, R
ST AR, BEAR R E TR 52.00 MPa, JiT A 41 )2
TR GEMG , R 1) N 1 F8 7 7F 52.00 MPa.

M2 2 I e K BN T — R RIS
J& BTt RS TR R TR RN g, Hon
JIHE N 0~4.67 MPa. fe KPLW T3/ T AR BT sm
J&(5.67 MPa) . fie/NF R H#E— 53 )2 — L BIF 2
Ja LI EER G S TR SR R A 0 R ) i
KAH N 68.99 MPa, /N FA AL K3 & (116.1 MPa) .
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Fig. 4 Cloud maps of principal stress simulation
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Fig. 5 Cloud maps of displacement simulation
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Fig. 6 Cloud maps of plastic region distribution
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Table 7 Comparison of technical and economic indicators of two mining methods

B2 EFERE S/ (-d ) R /% Tk #% R AT FHIH/ (k)
ERFiid 547N 196.4 5 8 79.79 22.88
b K R SR s 157.3 27 8 49.60 31.17
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Optimization of Mining Method and Optimization of Stope Structure
Parameters for Broken Ore Rock Conditions in Deep “Three Down” Orebodies

LI Jinhui"*®, ZENG Lingyi"*°

1.Changsha Institute of Mining Research Co., Ltd., Changsha 410012, Hunan, China;

2.State Key Laboratory of Safety Technology of Metal Mines, Changsha 410012, Hunan, China;

3. Hunan Research Center of Mine Geological Disaster Prevention and Environmental Reconstruction Technology,

Changsha 410012, Hunan, China

Abstract: As shallow mineral resources become increasingly exhausted, metal mining operations are
progressively extending to greater depths. These deep mining environments are inherently complex and
challenging, often characterized by high stress, elevated temperatures, significant osmotic pressure, a heigh
tened risk of rock bursts, and considerable mining-induced disturbances. Particularly for fractured ore bodies
situated beneath water bodies, buildings, and transportation routes—collectively termed as “three-under”
conditions—mining operations are required to adhere to stringent ecological standards, including zero surface
subsidence and the protection of river ecosystems. Consequently, ensuring safe and efficient mining under these
conditions presents a significant challenge that demands urgent attention. In response to this issue, this study
examines a deeply situated, steeply dipping, thick, and massive fractured ore body within a lead-zinc mine
located in a scenic area of Nanjing. The research focuses on the selection of appropriate mining methods and the
optimization of mining structure parameters.Initially, a comprehensive evaluation system incorporating 13 core
indicators was developed to address multidimensional requirements such as mining technology, economics,
safety, and environmental compatibility. The analytic hierarchy process (AHP) was employed to ascertain the

weights of each indicator. This was integrated with a fuzzy mathematics-based comprehensive evaluation
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method to facilitate a scientific comparison among three preliminary schemes: the upward-seam layered stoping
with backfilling method, the upward-seam horizontal layered pillar backfilling method, and the upward-seam
backfilling method. The evaluation results reveal that the upward drift backfilling method emerged as the
optimal mining scheme, attributed to its superior performance in operational safety, loss rate control, and
minimal impact on the backfill body. Secondly, to validate and optimize the structural parameters of this
scheme, the FLAC?® numerical simulation software was employed to systematically analyze the stability of the
mining face within the specified ranges of drift height (3.5~4.5 m) and width (3~6 m). The results from both
simulation and engineering applications indicate that at the maximum dimensions (4.5 m in height and 6 m in
width), the maximum tensile stress (4.67 MPa) and compressive stress (68.99 MPa) in the surrounding rock
remain below the strength limits of the ore and rock. Furthermore, the maximum roof settlement (4.02 mm) and
maximum floor heave (4.11 mm) are significantly below the permissible values stipulated by codes. The
distribution of the plastic zone is sporadic, with no continuous failure zone observed, thereby demonstrating that
the working face maintains an overall stable state. By implementing the optimized plan within the engineering
practices at the -725 to -775 m levels, the actual production capacity of the mining area increased to 196.4 t/d,
and the ore loss rate was significantly reduced from 27% to 5%. This was achieved while concurrently meeting
the ecological protection objective of zero surface subsidence. Through the integration of the analytic hierarchy
Process (AHP) -fuzzy comprehensive evaluation with FLAC® numerical simulation, this study developed a
closed-loop technical system encompassing method selection, parameter optimization, and engineering
validation. This approach not only effectively addressed the mining challenges associated with deep, fractured
ore bodies under “three-under” conditions at this site but also established a replicable and scalable technical
paradigm for safe, efficient, and environmentally sustainable mining under similar complex constraints.

Key words: fuzzy comprehensive evaluation; mining method is preferred; optimization of stope structure

parameters; numerical simulation; engineering applications
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