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Deformation and Failure Characteristics of Surrounding Rocks of Roadway with Layered Rock Mass in Underground Metal Mine
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Abstract: The layered characteristics of rock mass in the main vein roadway of a lead-zinc mine in Yunnan with a buried depth of
1 500 m are obvious, the ground pressure is severe, and the stability control of surrounding rock mass is difficult. Based on the
engineering geological investigation and test materials, the numerical model of engineering geological body was established
using 3DEC numerical simulation software. The deformation and failure characteristics of surrounding rocks of roadway were
compared under two working conditions of unsupported and designed support after excavation of roadway with different dip
angles of the rock strata. Then, the actual deformation monitoring of roadway was carried out. It is found that the horizontal
and vertical displacements of the roadway are significantly affected by the dip angle of the rock stratum. As the dip angle of the
rock stratum increases, the horizontal displacement gradually increases and the vertical displacement gradually decreases. The
deformation of surrounding rocks decreases obviously after roadway support, and the shape of plastic zone is similar to that of
unsupported roadway. but the range is smaller. After applying the support, the roadway roof displacement monitoring was
carried out. It is found that with the passage of time. the roof displacement gradually increases and tends to be stable after
about 70 days, and the displacement of the roof gradually decreases with the increase of the dip angle of the rock stratum.
Therefore, the support system used in mines can effectively reduce the deformation of roadway in deep layered rock mass,
especially the horizontal deformation of the roadway vault and the vertical deformation of the right side, which is conducive to
maintaining the long-term stability of the roadway.

Key words: Deep roadway, Layered rock mass, Dip angle of rock stratum, Roadway support, Surrounding rock displacement,

Numerical simulation

* YRS B H:2024-07-20
TEE BN FHEFF1982—) , B WAL BGE A, TR, EZNFE BT LB R R T H AR IS TAE . E-mail: 108384202@qq.com



120 gL B R S5 A

2025,45(6)

0 5l

FEE LA 8], 0 7 BE IR TR ) BE RS R,
A N T A T R S | P g = R A 1
FERIE B A 1) BB

PARSERG T, H A E WA RIEE #1000 m
& me it —IA 112 B, RZHCh &0 fR
. [ AME B IT R Oy 1 g B R e AR SR
it 3000 m W& H w4 16 JE . Hh . Mponeng 4 "
HEWEC T 4 000 m™™ L% H b 2 B Aj A
R ECK AT 1, DLk, 25 1 2 W T 4
FIRGSAE T 2 400 m™ I K Creighton 24
Al kidd B0 REBEEL T 2 000 m™ ., HNEH
W T I RIEE A ST 1 000 m, HA
&R I e ) T VR R R WS &9 H argF
RVEEREIT 1 000 m""", = B S PR HVEED R G i
T 1500 m"YL A IR RIREC R B T
1300 m'™', AIRAHIF, AR 4R, FREA =22 —
DL B4 @ LT SR IR B A B s i 1 000 mt™
B4 AT 35 2 000~3 000 m, HiH Al WL, SR ER 0 72 ¥
PR TF R P B AR R TR & R = R IR A Y &
LR Y AN

B 5 T R TR 5 11 S BT 388 000 Y38 T SR 4 T s
T 0 F Bk R v R T i MR L R A KR
TER A 2l 45 0] 8™ & 5 W 5 T 4 4 AR 7R AL
R A R M R T RIS S . AR
2 35 X VR AR I W AP HEAT T BRIR AW E ST ]
R AL TR L 1 000 m IR R E Ay A8 IR Ak
I LU HEAT I 5, B R R0 0 5 3 i Tl 55
F AR+ 0 S & %07 R e A A
il TR B KA A A R s o R ARl i
FLAC3D B85 B S 250 T 6 FlAS [6] bR 45 38 1
il AR TR AR L & B0 1 IR0 A 5 45 T8 RE A 3k ek
2 [ I T 25 A o X R T i 8 R v 1 ) O AR
R E A A EREER AR A A AT e
F1hy 5 T8 R R I L, T BT I+ A i AT - £ 2 TR
BE LA S B R AE D AR A AR
BRERE G2 AR 52 R D) 2 R R e R AR IR
TEARTE R b 535 B R W R [, A A5 Ak T 3R
JE R A T i R S 1 PR R T O R A

AU HATER TR 1 500 m B EUT Ik

gaill®

DB TE X G i i a P IR Xt B 3 HORE 1) S A
PEAT Py BT 2 P 2 B Pl e R T
BE— BT TR R R B0 T A 1 A 2 T R
RFAE o fi i %) A5 3H AT O B M ) SR — 28 e i
TARA Z A T B A 128 I8 R AL & e IR AR
L1 2 T L R R IS A2 ) B A3 — 2 0 B AR Bl

1 TAEMIL

1.1 REFREH
2P FEAYVERT R DX BN AR TE 2 AR A L X
L) 3 Y 1) A B T AR BE A A IR 2 . Rt 2
Ab B AEA TAT I SR 0 BT R, DL S J
J2 R AR BE R3S I PR I A, iR 2R 2
ARG BEACIR L AR IR A B KRR L a3 A AR 2
(BT 24 I, A )RR ) b, R A2 B I B LR R
Wi i AR R . BEE TT SR D0 BERY IR i I TR
IEZAPEA 1 500~2 500 m BIIRES, § X +1 584
m B #1355 36.91 MPa, +1 031 m B iy
153k 45.95 MPa, Al BT 2R F8 (4 N ) 4% A AT g
iKE| 50~70 MPa, fEEIGIEAT T4 A BUS R85
XK I A 5 TR KA .
1.2 REBSEIRK
DX b2 kg 8 5 42 T AR b )23 )2 A
Bl 15°~60", AR REA N 50 cm, F iz ds
T T AL A TR 2, Bl S IR A A T F s
iy AR 0 A RROE o T KaE B A RN 32 A3 L
Tt TR 2, ] 25 7 PR ) 3 28 6 3 1 A e M4
HAH],
7R 148 4 R AT B3 09 TR A 4 i SR o) A
EHATEA S i 1 TR,
#f: mm
C20iREELMIR/EE: 100 /
SN 7
FEHEXET: §58x 1800
HEEEE: 800 x 800

3000
3100

[ 100

3 400
3 600

1800

B1 EEHERTEXHFFE
Fig.1 Section size and support scheme of roadway
s AT HLKE N @58 mm X 1 800 mm ., K¥
J&& 2.5 mm; A FERL RS S 130 mm X130 mm X 4.5



IRFFHTELESLERESKAER S

EHEFRBFEAAL]]F LR L L .2025,45(6). 121

mm; 58 FF P B HERE 5 800 mm X 800 mm,
IR SR 1200 m X 2 000 mm, B4 10 mm; M
FLELAR 2 100 mm X 100 mm, R &E 1 W52 0 5% B
Gk C20, BB A 100 mm,

2 B E WAL TR

2.1 HERR

VI R R BT IR 1 500 m Y I KA T
PR ST T 5t AR T AR I A 1 7124 240 i d 3DEC
G3 N R AR Ol 157,307,457 607 4 /™ Ml BT AR 45
A3z H JSET fin 4 A5 AN [R00 AR 19 25 )2 L 76 0L S il
e AR RS PR AR T S AR 2 T AR I S A R AR,

(a) 15°

(b) 30°

R X I % el B I FL G RE A Bl K
SC kKR L A RS v g AL SR R 1 A I T 58
Ji » 7E % P HEAT W) B0 ) 23R A5 3 00 2 4 ) L g 2
ZHWER 1.

R1 HANESH
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Fig.2 Geological body models of different rock dip angles
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Fig.4 Horizontal displacement cloud maps of roadway surrouding rock under different dip angles of rock strata
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Horizontal displacement of roadway surrounding rock under different dip angles of rock strata
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Fig.6 Horizontal displacement of roadweay surrounding rock under different dip angles of rock strata
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Fig.7 Vertical displacement cloud maps of roadway surrouding rock under different dip angles of rock strata
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Fig.9 Vertical displacement of roadweay surrounding rock under different dip angles of rock strata
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Fig.10 Distribution of plastic zone in surrounding rock of roadways under without support conditions
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Fig.11 Distribution of plastic zone in surrounding rock of roadways under support conditions
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Fig.12 Monitored results of roadway roof displacement
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