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Numerical Simulation Study on Surface Subsidence Induced by Underground Mining of a Phosphate Mine
WU Shangrong s L1 Chaoxiang, CHEN Banghong
(Kunming Engineering & Research Institute of Nonferrous Metallurgy Co., Ltd., Kunming, Yunnan 650202, China)

Abstract: Aiming at the influence of surface subsidence induced by open stoping with subsequent filling mining on surface
industrial site in a phosphate mine, a three-dimensional model of top-down stoping with subsequent filling of ore body was
established by FLAC3D. Numerical analysis was conducted on the deformation of overlying strata and surface subsidence in
different mining stages, and the distribution laws of surface subsidence under different mining stages were obtained. As the
advancement of mining, the cumulative goaf volume increases, and the maximum surface subsidence value gradually increases.,
showing a characteristic of larger subsidence values in the early and middle stages and smaller subsidence values in the later
stage. The maximum surface subsidence value is 72. 94 mm. Combining with the calculation results of displacement,
inclination, and curvature near the industrial site on the surface, it can be concluded that the deformation values of the selected
measuring points meet the protection level requirements of level | and level I , and the safety impact of designed underground
mining scheme on the surface industrial site meets the regulatory requirements. The research results can provide useful
references for the study of surface subsidence and ground pressure control during the top-down stage open stoping with
subsequent filling process in similar large-scale mines.

Key words: Phosphate mine, Stage open stoping with subsequent filling, Surface subsidence, Underground mining,

Numerical simulation

0 3 J B A T KRG OB o TR I TR A BIE ST IX M 35
UURRE Y5208 % T 48 52 A1 R0 B IR 48 R 4P 2R 25 36

O SR S gl kT XL R PIRE S AE MR B PR 2 A e e T D] Ry 2 e e BoAy

RRE L RROR S R R B A RN 2 B

BRARSZ BN, S B ZH 8h BB MBR, g W% C U 5 HOR Y KT, HATE 220 A

P B T b R IUFE" . X — R AR T T—ERREER FTTECRG %, BT WCR 7 1

b AR B 38 Ja B 3 3 2 A ST | A T B K DA il i s I i 3 T I L 98 A 0 2k 2Tk X

bR A LR 4 TR I B R KA X R A A TSR IR T2, SE AT X R R [R)

gaill¥

* YR B :2024-09-10
EZB A MR A984—) B, R I, B TR, 2R KA A H %7 RTS8 T4E . E-mail:243971842@ qq.com
BEES R UE998—) B W ARt A B DR 2R, 2N R 2R 5T T./E . E-mail:1274576865@qq.com



128 gL B R S5 A

2025,45(7)

BT BRI 5T 32 B4R P e E MR AR R O E R Bh
R R Bt 0 47 R R Shy 35 S 00 250 B R I 3 A
U3 3 BO(E A LR AT A A A A T il
R ET DR E T TR R GEREHEN
BRI B S AT R B A S S 7 k0 9 R R b AR
EMEA BRI R P RVIE S H A E KR,
b 2 T T A R OE AN b 3R TR T vk AR AR 2
S 3 FLAC3D R g 5 — 4 500 [ BLALAY , 25
A BRICHIE B X R 8 R R R R
b F TR (0] BUHEAT T BIFST , K BB A FE AR R A 1
T 5 K 3 8 7 1 i A S 4 PR AR A 1
AR 4N R FLACSD BUE Ly ¥, X4 FE 3T
SRANTR) 70 3 3R 4 T M 3R U0 I LA R AT T RS LT
FLBHAHES THABERECCR, 5K PR
AR L 2 R BREOE & 5 R AR Y 248 50C
R WREEEDE ET EA M R  R BE AR A
TR HT T A T 2R B AS [R) % B i by 35 170 B3 01 61 25 o7
B (A AR R T IR R T SR o b 3% i
MIRZR . 284S S0 BT RUE BB E T SRR
Tk R UK X B e k. & 0 i gk
FERKH™ 70 HOUR W 36 AS [ 0 A J52 18 f A5 55 400, 45 1 1%
Wl AL 22 2B 15~20 m 458, & EfE
SEL N ok R 2 A BUE AT B TR TR e
RN RS X R R

IR Z 25 X FEHUR ™ )7 75 51 1 M 2 T B
5 b R BEAT TSR AR XA [ R R B B
WL A i TR R [ T SR e B 5 R 1 b 2 T R B
DL B 2 24 0 R WA 25 4T AT B B e R
FEI MR VUE A D, W IR 2
il J5 FEAER 5 (4 M R DTG O A S 1A £ 12
I Feml b, ST B MR R = M BUE AR T, A5
BT IR AR G B L F TR 43 A B AR B AR 1k
B, ARG T i A SRR e AT TR

1 7 KB

LN RN R S N R =R T
R HLEETE RFPE L, O B R L 0[] 280° ~ 3107, il
LR — Ml 15°~25°, JRalik 30°, Bk b g 1A
B BE, 7 XA RJEEE S 1.14~16.74 m, T3
JEEE A 11.6 m, B2 [H AR 1.0~3.14 m, FHEJE
J 153 m, BIXHZ A TEEE I FEMIEE A A A B
Pob e b = A AR R, e R M AT

W 1L R F P A TR o B il s 7o

HEIF R R AR S F o +1 000~ +1 985 m, f”
Hefv B m A B L 5 B 100 m, 7 B 58 B B K R
B A BOR BN 20 m, A B[R] U ) A ) B B
WA HESE 4~6 m, RIGIEEREE ST, N KR
E A Kb i AT 73, R SR X Il B
FETXRIG R 5 A B E L BR300 1770 my
1570 m,1 370 m,1 170 m &% 1 170 m DA FHEL,

1770 m H Bt
RIRETH

o FERET I

1370 m HE

1170 m # B}
1170m LB

B1 HET&ESH
Fig.1 Middle ore body distribution map

2 FRHMXNEHRERA T %

21 HETESHBE

A 2 — RS PE A R 24 R A2 A 208 B R 5
JEJE R R IR s A T SR AR . AR T ST
FEI W KR E R A S T8 A g i 50 b
A PRI AP B8 AT R AR S0 M AR AR A ——
BLIR — JBE £ (Mohr-Coulomb) J& iR 4 ) 3] Wr 2 1A 14
BEIRET B A X F

017 03 01+53 .
- sine —c¢ *
2 2 ¢

Ko, B —F RN S, MPaso, N = F N I,
MPasc HEEE I . MPaso HINFEEEM, (),
7 FLAC3D 315 F2 R I 1 2 8 2 24 1k
U f B AR A Sl e R 2 U B
E
K=2qa ") (2)
K. K FHIEAEEE, GPa; E N PE &, GPasv
FIARS L

cosp =0 oy

E
2(1+uv)
KX ,G AP , GPa,
FHARBETT 2 SR TR TR Y B SR 25 K 1o 0,
AR ] 23 LA (NulD) ok R 7R S5 1) 28 X, 13X 8k
0 G E S AR AL R, A8 BT AT DLFEAT:
0] B B % Ak kg AS TR) AR 1 B RL 1 B 5T, T DL Sfe A5 4
SAR RN ONC R - SuN e R N Pl ST

G 3



KR, F E2HT T FRFR M E T EGRAAREMB R[] 7 LA RS FF A ,2025,45(7). 129

W2 % % X i 45 28, [R5 18 3 3L 4 R AP 7E
TR AR S5 0 B IR 25 R AT T — e R
JE 1% Hoek-Brown 5 B2 fE W 47 9, 115 5 2 b 44K
Rl DL M SRS R ) 2 S FAR BB LR 1,

R1 HETEESGEHFSHIE

Table 1 Rock mass mechanical parameters of
numerical calculation
" [ 5 T PIEE HUHL R
MR w00 e omr
E/GPa MPa  ¢/(*) o/MPa (kg/m?)

Hil & 47.72  0.28  13.30  47.25  13.88 2 785
FHFFA 41.27  0.20 10.00  42.35 7.62 2 926
(RS 41.27  0.20  10.00  42.35 7.62 2 926
FEH AR 0.20  0.40 0.01  20.00 0.02 1850
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Fig.2 Numerical calculation model of ore body mining
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Fig.3 Typical section position of initial stress results
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Fig.4 The distribution of maximum principal stress
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Table 2 Goaf volume in each mining stage
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Fig.5 Calculation results of surface subsidence

at the end of different stages of mining and filling
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Fig.6 The change of cumulative goaf volume and the maximum

surface subsidence value in different mining stages
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Fig.7 Surface subsidence after mining and

filling in the 1 030 —1 170 m stage
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Table 3 The maximum surface deformation values of

each mining stage

ISR B B KUK BURME i/ Eﬂi% k/7 KA </
{8/ mm (mm/m) (X107 m™ 1) (mm/m)
1790~1 930 m 8.81 0.020 0.012 0.014
1590~1 770 m 34.82 0.028 0.018 0.017
1390~1 570 m 57.05 0.030 0.021 0.020
1190~1 370 m 71.45 0.037 0.029 0.030
1 030~1 170 m 72.94 0.042 0.034 0.037
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Fig.8 Monitoring points of surface

deformation movement value
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Table 4 Calculation results of deformation and movement

value of surface facilities in a phosphate mine

K1 30 0.132 0.177 1%
K2 20 0.144 0.088 1%
P1 30 0.149 0.235 I %%
P2 20 0.163 0.114 1%
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