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Table 1 Comprehensive evaluation results of rock mass damage and failure

(VA 0 e/ MPa Lgn/ % J,/m Ak IRMR 34> by

220 UZ2Ramp 12.6820 80. 00 0.10 T4 64. 60 Il
280 Incline 1.689 0 50. 00 0.30 T4 50. 80 I}
200UZ2TH-2 0.876 0 50. 00 0.40 T4 38. 80 i}
240uz2_newdrift 3.5860 30. 00 0.50 T4 42. 60 i}
BRI 5.2260 87.00 ;M]KLFQ;EE( ?fj) T B 7K 46. 80 Il
200 —220 Ramp 0.5530 20. 00 0.10 T4 38. 80 I\
200UZ2TH-1 0.369 0 20. 00 0.20 T4 37.40 \Y
100125CMEP 0.344 0 30. 00 0.15 T4 35.50 \Y
200 —220 Ramp 0.2580 20. 00 0.05 @E}{iﬁiﬁzﬂ 30. 30 N
220UZ2-EAST 0.2410 20. 00 0.15 T4 34.70 \
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Fig.1 Numerical simulation model diagram
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Table 2 Numerical simulation scheme for rationality of support parameters of three

main roadway types in —200 m middle section

o SRR S EL
I/ M mXm %/ m ¥ )32/ mm
1 T TR 6 2x3 300 ?g;;i;ﬁ ot 2.5 100 6 mm@ 100 x 100
2 Nk IH 6 2x3 300 g;;)z;)zﬁﬁ it 2.5 100 6 mm@ 100 x 100
3 ;i%mw 6 2 %3 300 ygggiggﬁ it 2.5 100 6 mm@ 100 x 100
4 FHRTR 6 2%3 300 I(VI;; ;)Ziggff it 2.5 100 6mm@ 100 x 100
5 it E 6 2x3 300 l(vg ggigﬁﬁ it 2.5 100 6mm@ 100 x 100
6 ;;}:%tﬂw 6 2 %3 300 I(w;;;gigaﬁ it 2.5 100 6mm@ 100 x 100
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Table 3 Rock mass input parameter table

HOGY YRR E/GPa AL N1 C/MPa WEEHES/(°)  PPBREE/MPa &FE/(grem ™)
1% 1.5820 0.33 1. 004 29.21 0.007 3 2.74
\Y 1.1900 0.40 0. 631 28. 85 0.004 5 2.74
x4 BT BEENSH
Table 4 Input parameter table for rock bolts and cables
X SRR B/ B/ BihiagEE s WRGNENGS 1, BREIREERIEE . HRERISNE
SCTR P 6N 2 7 %
GPa (1x107* m*) kN (1 x10°N/m*) (1 x10’N/m) JiK/m
T 200 3.799 4 125 0.900 0 2 0.1000
MR 210 3.6600 492 2 2 0.1260
RS BHHREL(C25)BWASH F6 -200m KERESEE ARLBEELH
Table 5 Input parameter table for shotcrete (C25) SHEEEHERBER
APERE R/ A JELRE, K/ Table 6 Numerical simulation results of the rationality
GPa v mm (grem™) of support parameters for different lithologies
30 0.2 100 29 and tunnel types at the —200 m horizontal level
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Fig.2 Inversion results of in-situ stress . .
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Fig.3 Contour diagram of vertical displacement

variation in the tunnel under different

support parameter conditions ( partial)
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Fig.4 Contour diagram of horizontal displacement

variation in the tunnel under different

support parameter conditions ( partial)
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Fig.5 Numerical simulation contour diagram of
maximum principal stress after support in the

—200 m level iv horizontal simulation scheme
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Table 7 Maximum and minimum values of maximum
principal stress under different working condi-
tions

T N BME, BORE/

= frg MPa MPa
1 -200 m B AR IE 0.0970 88.1000
2 -200 m H B oE kR E 0.0940 100.1900
3 -200 m BT 0.9600 147.1000
4 -200 m B ARIE 0.0045 90.900 0
5 -200 m H B oE kR E 0.0045 76.8500
6 —-200m PE BRI 0.0045 194.5300
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Fig. 6 Partial cloud diagram of plastic zone distribution

in roadway under different support parameter

conditions
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Table 8 Numerical simulation of recommended support parameter scheme reliability for grade V surrounding rock

y =100 m #Ifi x =30 m E
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HI2 8 g vl i, Y S AP SRR E N AT RIS R  EIe IV L VELE - 200 m P AR

0.8 mx1.0m FIRMEIRE2. 0 m x3. 0 m WiHHREE
RS 125 mm B BEAE SR R TR FS S 0. 057 9
m, P B9 AR RLRE O 0. 387 1 m, 2 Z5 SRR,
TEREWERCS LA 25 1E T 1% S S HRE 8 A R A% il
A Y TR 5 5 A2 | B R 0 30 S A i xRk
TR AL B ZOR N AR TR T AR

4 #Hig

1) 7E =200 m " BEASIE , 355 A0 07 04 62 B 3R
Jos g e, R I R R R YR B S
ZRA, R S PERE K- R A IS ES
I B R AR E S A XSS A AR SR
MRS, Ban , BEGHREE - 3 2 R E , A
YeALFREEREIN | L BB T PR R AZ 2o K B B A 1 ) T
FHERM, G565 HA MBUER I ZE A T, &
TE A S RROMIL T 3 2 P v i 3 1 PR I S T AR
BRI S8, HERERRIE LN L Rk
R WS SHREE 2 AN ST 2%

2) IV | VG AN R RS 5 38 T AR SR 3 FAH X7
BRZAERVF AN RIEE N, SR, A IS
AR S TE AR DT B R B R B, IV .V il
TR B R LR S T TR R KA R
Ko ETIRARTE N A AE S IR Y 52 ) (45 Th AR
Z IR A AR A, OO R AR N, SR,
N T AU AT P 5 AR B8 K T AR R A
Sh ., TEARTEES R S m B, IV | VB AR il
BRI RS M 0. 241 m 0. 386 m, TEMSEMET,
48

EINHE DAL IR TARE N AP 6
3) LA f4E Rl o 8 3 1 3 A TOUAS #3054 e
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P E BB VAT S BTl BERE R, G S

SHMRA T EFFEIFE 0.8 m x 1.0 m SHZRIAIHE 2.0 m x
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Mechanism of instability and support numerical simulation for

fractured rock mass tunnels

LI Guoxiao', HUANG Zelong®, XUE Xiaomeng', LU Fenghao’, CHEN Jilun', HUANG Mingqing"
(1. Serbia Zijin Mining D. 0. 0. Bor,Bor 19210, Serbia;
2. Zijin School of Geology and Mining, Fuzhou University, Fuzhou 350108, China)

Abstract: The fragmentation and weakness of surrounding rock under complex stress conditions in

underground metal mines pose significant challenges to tunnel support design. This study focuses on a

copper-gold mine in Serbia, employing the FLAC® finite difference software to conduct numerical

simulations on three types of tunnels and two levels of fractured rock masses. The research evaluates the

rationality of the existing support design and proposes optimized support parameters tailored to varying

surrounding rock conditions. The results indicate that the instability of the — 200 m level tunnels is

primarily caused by the combined effects of high geostress, deformation of the exposed rock surfaces, and

rock corrosion. Typical failure modes include roof settlement within the permissible range for IV and V

grade surrounding rock tunnels, whereas the cumulative relative displacement of the two sides generally

exceeds the allowable limit, highlighting deficiencies in the current support design for controlling sidewall

deformation. The optimized support parameters for the IV and V grade surrounding rock tunnels at the

—200 m level include an anchor bolt spacing of 0. 8 m x 1. 0 m, an anchor cable spacing of 2. 0 m x3. 0

m, and a shotcrete thickness of 125 mm, meeting safety requirements. These findings provide theoretical

support for optimizing support systems for fractured rock masses in underground metal mines.

Keywords: fractured and weak surrounding rock; numerical stimulation; rational analysis; support opti-

mization
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