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Research on Deformation Behavior and Laws of Multi-Level Mining in Xitieshan Lead-Zinc Mine
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Abstract: Aiming at the problem of dynamic disaster induced by multi-level combined mining in deep mines, the stress evolution
law and deformation behavior characteristics of surrounding rock in multi-level mining area were studied. By means of
geological survey, theoretical analysis and numerical simulation, the stability of the multi-level mining area of 03 —011 line in
the eastern part of 2 402 —2 522 meter of Xitieshan Lead-Zinc Mine was analyzed, and the deformation and failure behaviors of
surrounding rock and ore body in the mining process was demonstrated. The results show that the deformation and failure of
the multi-level mining area in this mine mainly occur in the thick and large stope of individual ore bodies and the middle part of
the regional mining. The maximum settlement of the top pillar position in the level of the mining status is close to 4 cm, and
there is no greater risk. In the subsequent mining of 2 462 m level, the displacement of 14003-3 stope is the largest, and the
settlement value exceeds 6 cm. The displacement of multiple stopes on both sides is about 5 cm, and there may be some stope
collapse. Combined with the spatial and temporal evolution characteristics of deformation and failure in multi-level mining.
aiming at the potential ground pressure in the mining process, the mining planning optimization has been carried out for the
mining design, which can provide a theoretical support for the safe and efficient mining of multi-level in the subsequent mining area.
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Fig.1 Mining status of 2 402 —2 522 meter east 03 011 line
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Table 1 Petrophysical and mechanical parameters of typical ore body and surrounding rock
¥ 51 HWF%’E/ BHihrsm B/ P e 5 E / VIR I I*Jl*éfo%ﬁl/ I/

(g/cm?®) MPa MPa ) MPa
KILH RO 2.702 2.25 31.16 0.242 40.80~59.91 4.19~8.77
UEISOR) 3.971 2.94 44,04 0.290 50.49~61.02 5.68~10.48
LWEACN ) 3.346 3.16 75.95 0.217 18.25~66.94 7.75~13.57

Ha (O 3.516 46.52 0.324 60.78 6.06
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Table 2 Survey results of typical structural plane
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Fig.2 On-site measurements
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Table 3 Evaluation results of engineering

geological rock mass quality
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Table 4 Simulation calculation mechanical parameters
of ore body and surrounding rock
E/IWZSIE /I A X 3 WY OB EE

Ko B/ B/ i/ B/ J1/ HM/
MPa  MPa MPa GPa MPa (%)

& 6.5 0.62 5412.68 0.28 3.97  22.48 1.56 28.0
Bl 5.4 0.54 5287.53 0.21 3.35  18.19 1.48 27.6

SR /N
14 (g/cm?®)
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Fig.3 Modeling of mining area
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Table S Mining situation of some stopes in the level of 2 402 m and 2 462 m in the mining area

KYGHhS B /m FURSGRER B /m FURZSH[E] XY 4= SYBE/m o PRSI 43B/m [FER S A A
14001-1-1 2474.5 2021 4F 8 A 2 485 — 15 001 2 416 2023 4E 9 H 2 439 —
14001-1 2 474.5 2019 4 3 A 2 485 2022 % 3 H 15 002 2 416 202342 2 439 —
14001-2 24745  20214E 11 A 2 485 — 15 003 2416 2023 4F 3 H 2 439 —
14001-3 2474.5 2020 4F 4 H 2 485 2023 4 11 A 15001-1 2 416 2022 4F 5 H 2 439 —
14003-1 24745 2019 4E 12 A 2 485 15001/15002-2 2 416 2022 4F 6 A 2 439

14003-2 2 474.5 2023 4F 6 A 2 485 — 15002-2 2 416 2022 4E 5 A 2 439 —
14003-3 24745  20194E 12 A 2 485 2020 4% 6 A 15002-3 2 416 2022 4F 7 H 2 439 —
14004-1 2 474.5 2022 4F 5 A 2 485 2023 4F 3 15003-2 2 416 2022 4F 1 H 2 439 2023 4F 2
14004-2 2 474.5 2020 4F 3 A 2 485 2020 % 12 A 15004-2 2 416 2020 4F 8 A 2 439

14005-1 2 474.5 2019 4E 3 A 2 485 — 15005 2 416 2020 4E 7 A 2 439 2023 4E 1 H
14005-2 2 474.5 20194F 1 H 2 485 2019 4 10 A 15005-2 2 416 2020 4F 8 H 2 439 2022 % 9 H
14005-3 2 474.5 2019 4F 3 A 2 485 — 15 006 2416 2020 4 8 A 2 439 2023 4F 4 A
14005-4 2 474.5 2019 4F 5 H 2 485 2019 % 11 A 15006-2 2 416 2020 4F 7 H 2439 20224E 11 A
14005-6 2 474.5 2020 4F 4 A 2 485 15 007 2 416 2020 4 8 A 2 439

14 006 2 474.5 2019 4F 4 J 2 485 — 15007-2 2 416 2020 4F 8 H 2 439 —
14006-2 2 474.5 2020 4F 2 H 2 485 2020 4 7 H 15 008 2 416 2020 4F 6 H 2 439 —
14007-1 2 474.5 2023 4F 6 H 2 485 — 15008-2 2416 2020 4F 6 H 2 439 —
14007-2 24745 2019 4E 10 A 2 485 2020 4E 7 H 15 009 2 416 2021 4E 4 2439 20224E 11 A
14007-3 2 474.5 2019 4F 1 A 2 485 — 15009-2 2416 2020 4E 5 2 439 2021 4E 8 A
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Fig.4 Distribution of minimum principal stress in vertical profile of ore body during mining process
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Fig.5 Distribution of principal stress, displacement and plastic zone of stope roof
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Table 6 The maximum principal stress range of each stope in the process of top pillar mining

KRGS RKIRSVEH/ MPa || RG9S &K IR/ MPa
15002 —5.068 8~—3.418 7| 15004-2 —5.177 0~—23.2655
15002-2  —5.091 3~—3.419 9| 15004-3 —5.062 5~—2.283 3
15002-3  —5.102 4~—3.180 3| 15005  —5.103 5~—3.421 5
15003  —5.107 5~—3.440 5| 15005-1 —5.085 6~—2.791 7
15003-1  —5.151 7~—3.889 0| 15005-2 —5.105 6~—3.673 2
15003-2  —5.085 6~—2.791 7| 15005-3 —5.069 3~—3.4115
15006  —5.104 3~—4.210 7| 15007-2 —5.064 6~—4.142 9
15006-1 —5.119 0~—4.175 8| 15007-3 —5.096 6~ —3.319 9
15006-2  —5.069 0~—4.121 6| 15008  —5.092 9~0.457 25e
15006-3  —5.066 5~—4.178 5| 15008-1 —5.060 8~—2.859 8
150 07 —5.069 8~—3.960 2|| 15008-2 —5.057 5~—2.990 4

KRGS WK IR/ MPa| R%%5  HK TR IIHEE/ MPa

15009  —5.101 9~—2.698 2| 15010-2 —5.100 4~—2.2110
15009-1 —5.301 4~—2.385 4| 15010-3 —5.099 3~—2.672 2
15009-2 —5.344 4~—0.5282 3| 15011  —5.061 2~—2.765 7
15009-3  —5.098 7~—1.082 2| 15011-1 —5.229 6~—3.721 3
150 010 —5.097 5~0.614 46e|| 15011-2 —5.118 3~—3.852 9
15010-1 —5.098 5~—1.286 5| 15011-3 —5.136 7~—3.727 2
150012 —5.151 7~—3.889 0 || 150 013 —5.072 9~—3.512 9
150012-1 —5.100 5~—23.675 5 || 150013-1 —5.081 6~—4.062 8
150012-2  —5.138 7~—3.703 1| 150013-2 —5.083 5~—4.587 0
150012-3  —5.094 6~—23.345 4 || 150014-2 —5.065 1~—4.777 7
15007-1 —5.097 6~—3.676 7| 15008-3 —5.088 6~—2.7215

(2) I R FNE S 53 Br 2 52 2K 3 101 R 52 0, I o
TR A A, SR 28 IXCTHE Al DX 35 AR R ) A7 — 8
PR FE R, — 20 TR A6 DU AH X H B T AN [m] AR R 1Y
I ) B T B W ) A v R R R R A DA R i Ak
B E BB kR R DA K R R A
B ROT T A7 AE 25 5, X 88 43 X BU4E By & A= 5 U0 i
W TOURE X 38 9 e B I #E 2~4 MPa Z [8] , &8 4
B T80 2 8 2 8, 0 R 3 T Al 5 7 5 A4
SEALE BT S R TR R e R R N ) B Gk B
27.8 MPa, X1 Jay # DX 30 75 5y A N g 8 o o B i
WL 11 5 8 3K

(3) PR o BT R IFAZIG 8 30 5 1) ke 28
X PR = AR AR T, PR R 28 IR L BT A rp B AV S AN
[ AN ) 2R 2 DX 118 T JEG B T i I 885 43 8t A5 or 25
SR SR I SR 25 X R BB K AR T T bk o
SR s DR TR XoF o 1) 3 B AR B Bl R, b 2 462 m
BT FEE R BN TR, 2 402 m BT AE 32 8L
T A LR, HOR A X0 A A 4 A AT AT,
2 462 m " BT LR e R ER 4 4 A 7E 14003-3
14003-2 1 14003-1 55 R M ik, H b 14003-3 k35
TR B UURE R 4 cm. 76 RO R B P, o] fiE
AR 2 402 m B 15004-2,15004-3 55K 3
TOUAE B3 BRI ) bR, e KPR RE Ll 3
cm, AR AV BR A B B A4 AT A, >R 37 THOAR 1Y o
KF TR E R 5~10 cm, AR LE 78 I 1E a5 1k
5] L, W0 F 2R 2 4, P o B TOAE B I R R B A R

T0UJRCAE [ R S 5 SR 3 TR v a0 W 0 st 19 fe /s 2
J7 3 H ) UG R A T R (B 3 AR O I L B
SEBE TR R R g [ B AR L N W A R R
F S B KR FE LB 150010, 140011, 140011-2,
140013 SR 3 THRE {37 B (4 P 0 g 1 38 R K, B K dir
I 7 42230 A I B BR BB a8 BE 0,62 MPa, 2R 3 T
VAN Y 22 e R 137NN IPNE 2 & 37 SEPS
F A5 Loy BESE T TOURE A & L R R ) 3 E LR R A
A BEARRE IR Y DX SR L 2 S S M X A AT
G3HT

(4) BAPE X AT HE A D7 s ] ok 2k B L AT 2
RRAS R A 88 PR R S S 22 R 3y VI 4R, 2 4
e R TR A X R B (s AR D,
S5 BRI SR T3 43 AT AT 38 4 XN g 4R v 4
35 S R B U ) A LR (W B BT R L I R
AR B Y VIR, T 47 i 9 X
MG EIJEATE 1 m DL, oK H 30 98 P XK T FH B 38
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4 FEEFFRXRREESNT
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AR TF 2R BLAR 23 A b A0 25 R85 Bk 1l 2 402~
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Table 7 The model calculates the stope mining project

BT MR ASES =/E

1 2439-15004-2,2439-15006,2439-15006-2,2427.5-15007 , 2427.5-15007-2,2439-15008-2, 2439-15009 , 2495.5-14005-  JF 4% F I
2.2439-15010-2, 2439-15011, 2439-15011-2, 2439-15012, 2439-15013-2, 2495, 5-14004-1 2495. 5-14009-4 , 2495, 5-
14005-4.2427.5-15002-2.2427.5-15003

2 2439-15007,2439-15007-2.,2474.5-14004-3,2439-15002-2,2439-15003 FE 7

3 2416-15004,2416-15004-3,2416-15005-1,2416-15005-3.2416-15013-1,2416-15012-3,2416-15012-1,2416-15011-3,  JF4& F I
2416-15011-1,2474. 5-14001-1-2, 2474. 5-14001-1-2, 2474. 5-14001-1-4, 2474. 5-14003-2, 2474. 5-140012, 2474. 5-
140010,2485-14004-3

11 2427.5-15006-3,2427.5-15007-3, 2427.5-15008-3, 2427.5-15009-3, 2427.5-15010-3 , 2485-14006-4 , 2495.5-14007-2,  JFiZit %
2427.5-15014-2,2485-14009-6 ,2474.5-14008-3

12 2439-15006-3,2439-15007-3, 2439-15008-3, 2439-15009-3, 2439-15010-3, 2495. 5-14006-4, 2439-15014-2, 2495.5-  FF4EH 5
14009-6,2485-14007-3,2485-14008-3

13 2495.5-14007-3,2495.5-14008-3 FFEE

4.2 RS
(1) TR 15307 BF 58 X A8 2% 25 X AR i g
TP 0.45 MPa, R 37l 25 7 B (H A 0] BEAF7E
PR IR
(2) MiFEAHT:2 462 m.2 402 m FELTiAE 5
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