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Deformation Characteristics and Reinforcement Technology of High-Stress Roadways in Ultra-Deep
Metal Mines Under Construction Disturbance
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Abstract: Roadways are prone to deformation and failure under the influence of high in-situ stress as mining progresses to deep
underground areas. Cracks in shotcrete, mesh fragmentation and weathering spalling of surrounding rock occur in the heavy
haulage roadway of a crushing chamber in an ultra-deep metal mine. In-situ stress and rock mechanical parameters were
measured by the hydraulic fracturing method and rock mechanics tests. Deformation characteristics of the roadway were
analyzed via deformation monitoring, borehole photography and ground pressure monitoring, and the failure mechanism of
surrounding rock was explored based on monitoring data. A combined support scheme was proposed, consisting of 30 mm thick
initial shotcreting, 5 m long anchor cable for active support, steel mesh, U29 steel arch for passive support and 120 mm thick
secondary shotcreting. Engineering practice shows that the bearing capacity of the surrounding rock is enhanced after
reinforcement, no deformation and failure are observed, and the surrounding rock maintains a relatively stable state.

Key words: High-stress roadway, Surrounding rock failure characteristics, In-situ stress. Rock mass quality. Support scheme
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Fig.1 Engineering layout plan
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Fig.3 Regression curve of maximum principal stress
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Fig.4 Damage of surrounding rock of roadway
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Fig.5 Deformation monitoring results of roadway
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Fig.6 Stress monitoring results of roadway
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Fig.8 Roadway reinforcement model
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Fig.9 Cloud map of maximum principal stress

FEAUL 5 45 AL 3R WL 3P i LA e K 3 N A7 B
A R T8 T2 10 H 2E 10 57 22 A1 S 9 Tl e
B R E SRR B T 8T A ok N
=R,

4 I TAEMA

4.1 HBIFTBEEEXK

Fie BLL b 00 5 B I E] J5 58 5 6 5 0 R A ) et 2
JE R % 2R 250 B 1 A IR AT R R R R IR 2.5
m — G A R Hie XoF DB T8 AN A2 AL E AT Ak B b
P —MEFE L TE 2~3 h W58 30 mm &Y
WIS 5 22 I Gl 1 B A P R it T R R R T
SRS 4 @ AL T, ) R 22 ] 4 K RE S 100
mm, i R /P #E K LI AE 250 ~350 mm Z[H], %
25 UG AT P g R A Bk I AN T
150 kN it 2K, SR 15, 2R At 42, it
ZRTRBE A ) o7 B R e AR i 25 9O B8 i 50 mm,
U ) Rk N N R A 27, AN B AR N S ST T AR 1 el
B EARE TR R, RS AT R W, B
JERER 120 mm, BORMG R MBE AL 8 28 5 .
4.2 HFHMERRE

BN AP S i B R KRB N, &
TETE SR R W R A R . F 2024 4F 7 H W)
FEa6 B A 0 S TN W AT L A5 1A TR o8 R



30 ok B R 5 A

2026,46(6)

PEAS B T RMRHE = BBA N A = B 7 A
) 3 MPa Z A3 I % 7 H KA 9 MPa, i B 48 JE 1)
FELE R i DX A5 3 T BB 5 L A R R 38 A A
HEARAR R R

5 #ib

(D) 3@ K FEBCRE A T 3 4 8 7 1L R
J2 B R N T BH 7 R S AS BT R
1147 m B TERAR T AL 1Y e R F2 0 1 40.76 MPa,
kA A R AR B LU S A B iR R B
SRIZN 92.10 MPa, Jf 45 3% %8 & 46 18 T 1Y & 1A 5T
AR E N K.

(2) T8 A 7280 e I 7 g s 0 A LR AR o B
T AR TE IR RRAE A IR AR I R 5 TR 7 R O TR A
BRI R4 A 1,548 mis A8 S 3 45 0 R AL
Rl R S AT, 2 2 A ) B s Ta) P o F e 000 7 g
1 W) A 15 MPa B4R 22 3 MPa; 45 18 F & FA
By Bl Y F K L 58 B 1 2% AR B A T LS AL Bl B IR R Gk
F| 2.2 m,

(3) ZABE THFARN THORM &ML & 1R
AR P BOA KRBT T B TE AW b KA
NS FOFAZ ISR A1 7 B A AR TR 2L A A
HH AR 2 1R AT i 2 B o U & A T B T O R )
TRRLIE IR

() 2563 B IR FRAE B8 T 3 8l 39 F gk
B SCAPAREE S R I S5 58 HAR T %808 030 mm
JERIRIWE+5 m KR T3 S A N+ U290 #E
B A +120 mm B WE, %S TR K
RS A SR 0 5L RE b A sE  TAR I Y A
IR

(5) NN S 5 28 L5 L AR T R R A AR I
I b s M 00 %2 g (L ey [ R B3 MPa 3 i 9
MPa, 48 18 il & K 2 15 3 19 5, [l 5 8 28 E A XS
5 % 3Lk (References) :

(1] E5, REHHE TR A R0 O AL B AR

SR TR 224, 2023, 45(8) :1281-1292.

Wang Yong, Wu Aixiang, Yang Jun, et al. Progress and

prospective of the mining key technology for deep metal

mines[ ] ]. Chinese Journal of Engineering, 2023, 45 (8):

1281-1292.

(2] SRFEAR I KR, A5 IR VT IR IT R G187 B8 BT 5 B %

L1 RW 5% 4 TR . 2024,41(3) :450-461.

(3]

[4]

(5]

L6]

(7]

(8]

9]

L1o0]

Zhang Jialin, Yang Fan, Zhang Wang, et al. Innovation
effectiveness analysis and technology management reflection
of deep resource exploitation[ J]. Journal of Mining &. Safety
Engineering,2024,41(3) :450-461.

TR e A A R e = A A s,
1981,33(3):8-15.

Yu Xuefu, Qiao Duan. Theory of axial variation and three
rules of axial ratio for stabilizing country rock [ ] ].
Nonferrous Metals,1981,33(3) :8-15.

(T ) B UG A TE AT S A LS R BE SR AL ML BT ST LT .
HAT IS TR, 2000, 19(3) £ 342-345.

Hou Chaojiong, Gou Panfeng. Mechanism study on strength
enhancement for the rocks surrounding roadway supported
by bolt [ J]. Chinese Journal of Rock Mechanics and
Engineering,2000,19(3) :342-345.

AT 600 5 JR BB AR TR A S ) R B R L .
JK S Hb I T AR M T, 1998(2) 1 1-5.

He Manchao, Gao Erxin. Mechanical principle and
application of coupled support in soft rock roadway [ ] ].
Hydrogeology and Engineering Geology,1998(2) :1-5.

5L BER AR X L AT R A A e 5 X
PRI MR 241, 2011,36(4) :535-543.

Yuan Liang, Xue Junhua, Liu Quansheng, et al.
Surrounding rock stability control theory and support
technique in deep rock roadway for coal mine[]]. Journal of
Coal Mining,2011,36(4):535-543.

77 -, XUV JE A 2R I, S5 R M o T A R S B Oy 2
AR P AL K22 4. 2023, 52(4) £ 625-647.

Zuo Jianping, Liu Haiyan, Xu Chengyi, et al. Theory and
technology of strong support mechanics for deep coal mine
roadways[ ] ]. Journal of China University of Mining and
Technology,2023,52(4) :625-647.

BN kA L S0, A5 IR I R 2 A% Gl [ A I R A R
Fa RS I BB [V ] 2441, 2020, 45(3) - 911-926.

Huang Bingxiang, Zhang Nong, Jing Hongwen, et al.
Theory of rheological and structural instability and large
deformation of surrounding rock in deep mining tunnels[]].
Journal of Coal Industry.2020,45(3):911-926.

TR, SR, B, S5 TR R MU 1L I B AN
HEBE BRI 0BT 5T 59T & . 2025, 45(6)
1-11.

Yu Zhenjian, Gong Yongchao, Liao Dunxia, et al. Research
on rock mass quality evaluation and roadway support
technology in deep large scale mine[ J]. Mining Research and
Development,2025,45(6) :1-11.

A BRSO VRV L SR B T IR R N ) AR T A AR R
FRAE S M B 32 4 B0 R WF 2 [T 08 B¢ T 2023, 55 (12)
64-70.

Zha Wenhua, Liang Yiwen, Xu Tao, et al. Deformation
characteristics analysis and support countermeasures of

surrounding rock in deep high stress roadway under mining

[J]. Coal Engineering,2023,55(12) :64-70.



B FAREET H IR TEHEREAAEGEHHFAES AR K[]] 7 LFRSE FL.2026,46(6). 31
[11] QAL T ok A . 55 IR 1 w5 g ) 45 3 B A8 B R 5 [14] Tl FHRE . T 2440 5 A A0 A Pz i A e s 28 e Wil

(12]

[13]

M I H AR LT ] R A 2022,41(6) :34-37,

Fan Shiqing, Zhang Hui, Yang Zhangjie, et al. Deformation
characteristics and repair and reinforcement technology of
surrounding rock in deep and high stress roadway[J]. Coal
Technology,2022,41(6) :34-37.

VAR TR I S AN RS 1 U e S TER |
HBARBEFELT ] A EH 0k, 2025,34(6) - 215-223.
Shi Lei,

=R

Wang Peng, Jiang Bingxiao, et al. Study on
surrounding rock deformation control technology of deep
complex broken soft rock roadway [ ] .
Magazine,2025,34(6)‘215—223.

e NCATESN: S i N S SRR S e S
ﬁtﬂcﬁﬁﬁm.ﬁm&fﬁﬁ'ﬁ%ﬁ.2025,45<2>:42—48.

Qin Meiman, Kou Xiangyu., Liao Ning, et al. Optimization

China Mining

study on the design of support parameters for the roadway
outside the vein of a lead zinc mine[ ] ]. Mining Research and

Development,2025,45(2) :42-48.

[15]

[16]

ST B AR B S LI S5 FF %, 2024 ,44(4) :107-113,
Wang Sheguang, Yu Qinglei. Yu Xingshe, et al. Monitoring
analysis and control technology of floor heave deformation in
railway transportation roadway of Zhongguan Iron Mine[ ]].
Mining Research And Development,2024,44(4).:107-113.
FNT SO BRI = B T AR TR R 4
77 AR TELT T 0 M 58 5 9F % . 2024, 44(10) : 65-72
Wang Xiaoping, Wang Wenjie, Huang Yongxiang, et al.
Research on optimal selection of deformation control methods for
roadway with fractured surrounding rocks in Jinchuan No.3 Mine
[J]. Mining Research and Developmem,2024,44(10) :65-72.

F B, £, sk ali B, S8R A 1 TN ) B AT SO it
SZBAALI T W5 5T % ,2025.,45(5) 1 113-122.

Gao Yangyi, Wang Yiming, Zhang Chunfeng. et al. Design
and parameter optimization of prestressed anchor support for

soft rock roadway[]]. Mining Research and Development,

2025,45(5):113-122.



