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Table 1 Characteristics of coal seam roof and floor
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Table 2 Characteristics of coal seam roof and floor
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Table 3 Stress measurement results of primary rock
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Fig. 3 Surrounding rock crushing and roadway pressure
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Table 4 Physical parameters of rock mechanics

o RR A A 0 20 FE S RO R A (1) 2B
T x. v,z ZAT R B R S5 o

{0h=pgh
Horh, o 3 G 7 I BN T (FE EL LN TT), Pa; p N

11, kg/m’s g WE TN B, m/s%y b R s B I
B, m.

32 BEBRMERIH

(1)

321 X FHFRIEHH
Z TS LN SR, JRARE A LIE R S,

T R 231X, R e U0 1) 28y sl 8 R, A% 1] 287 k)
1 BBl 1 F B oA, T A% i LA O, 1R FlA
TRARIE WUNE 7 4 v X, BE4UAS H B S 9PR B fe K T
J717 8.4 MPa, J AR IH SZHOR AT [l A AL 1 23 A
K7 B

2 % J¥ /(kg'm”) IR FA R 5t /GPa V)75 # B /GPa BB 98 JE /MPa P9 3R 71 /MPa PR RE 5 £ /(°)
B T e A 2670 7.0 5.1 2.85 5.65 44.56
(ST 3 1430 25 1.8 225 1.32 328
B T e A 2675 6.8 5.1 2.84 5.63 4435
e 2600 5 23 2.77 3.17 47.85
AR 1435 2.7 1.9 0.78 1.19 32.50
WD e A 2670 6.8 53 2.79 5.52 47.62
IR 2625 5.4 33 2.57 427 42.1
Wb 2740 8.7 75 3.05 3.42 38.24
LR TR UF S 2870 9.2 7.7 438 3.17 35.12
-1.2417E+06 None
-1.5000E+06 shear-n
-2.0000E+06 shear-n shear-p
-2.5000E+06
-3.0000E+06
-3.5000E+06
-4.0000E+06
-4 5000E+06
-5.0000E+06
-5.5000E+06
-6.0000E+06
-6.5000E+06
-7.0000E+06
-7.5000E+06
-8.0000E+06 . N
-8.4028E+06 B8 JEAIE A P X A
Fig. 8 Plastic differentiation Layout of original roadway

7 RIS H N T (B Pa)
Fig. 7  Vertical stress diagram of roadway surrounding rock
(Unit: Pa)

H1 T R L0 MU T A2, AR K A B,
J7 T3 8 o X 1) R L %, B LA TR IR R S
AR B E LD O A 5] 8 F 7

surrounding rock

PG BB TE SR “ B R — R S
B, 5 AR E SO AR L, Bl B e AR AR 7 X
P 5 T LN 7 AL DX R R/, e 3 ELIE 7493 A
WP 9 Fis



$ 62 LA S AES RV

2024 4

B -3.1869E+04
-2 5000E+05
-5.0000E+05
-7.5000E+05
-1.0000E+06
-1.2500E+06
-1.5000E+06
-1.7500E+06
-2.0000E+06
-2.2500E+06
-2.5000E+06
-2 7500E+06
-3.0000E+06
-3.2500E+06
-3.5000E+06
-3.6765E+06

9 Ml EN 13 (S Pa)
Fig. 9 Vertical stress field of surrounding rock (unit: Pa)

TEB S O7 28T, BEAY s 48 0l e K3l B ) ol
7.2 MPa, BRI T G080/ T 14%, Bl 5 Z000 AR 18 )
FEFNTGRAT IS, BB A BN S oA A 1 i 721k
BARRT , O REFNTSUHS A0 17 7 DX sl i 2 080/, AR IR
IO 7 DX 3 0 BE ) 07 g 4 v XS AT I T B, R T 4R
r DX U R [ R TE M BERS Bl . X — AL UL, TER AT
b AR 3 R SR 0 R g, AT A R A R 5
)2l ST RN Pt NN TR Y =/E 31 NSRS Prek 8

AR TE Pl B R 23 A At 8 T8 e 4 E 2 ],
I DX BB R T B & A /NI A ) AR S L B AL
INEAE 32 Z2 A B, W3R JZ 58 e AR S BOR, BEAE Y
PRI B R B BB X, B A T M R Y O R TR A
Bl B KRR B S 4 /N T 20%, A&l 10 B .

4 L5 I 5 AR E A i
=590 m 7K 3F- 32 Vb S B AT

50+ (@

£ a0t .
= —a— Ul
= —e— Wil 12
& 30 —a— 3
= —v— Uil A4
o
£
E 20

10 -

0 10 20 30 40 50 60

IR H /d

B A1 N7 I Ca—lAT S B2 75 b R M D 1 )

None

shear-n shear-p

shear-n shear-p tension-p
| | shear-n tension-n

B 10 [BA YR A
Fig. 10 Plastic failure distribution of surrounding rock
il 2R ) A W 3 o e SIS e A T AR
LW Z a1 B g A2 £k, SR HI LSy JSS30A RA R 4
B 7 B WS SRS, IR LR 0.5~ 25 m, RS
0.1 mm, 7} #% 0.01 mm,

BAAT (%) B WD ZE SR AN AR AT 1 32 7 0
J2& 53.9 kN, T0UHR £ % 19 32 J7 D {E 2 389.12 kN il
Bl B =B U A 7 d AT, TR R 2 iR B iR
RALE 63%~ 73%, S RE K Bir Be; KR 28 d /2
A T AR B R A T W (RS B2, B ARl R A2 1 ik 2
WEAEL Y 92%~93%, L Aa s W I B Be; 30 d Jm, BT ()
ZFEE, A BEF AR B, Wil 11 P . BT
J5 AR AR AR I AE 200 mm Y, BB TR T
29 57%, ik, “Hi MR — L 2 rsUT, ST
(R) Z Ik | SRR B, B SRR B35, i
B 7 ARE W AN YRR, B 52 A i AR W
W R AR EER

400

(b)

—a— il A
—eo— Uil 5i2
—A— A3
—v— R4

300

HER M. F /MPa

200 |

0 10 20 30 40 50 60
R K /d

Fig. 11  Stress monitoring: (a—Stress monitoring of anchor rod; b—Stress monitoring of anchor cable)

5 %t

(1) R XD g 3t % Al L g R i S 9
J7 T WA I BRI T 408, DA e KoK 0 1
39.08 MPa, & B T 7K F 32 1 J7 J2& 5% Wi —590 m /K V- iz
A E R CE MR E RN . AR A FL BT ZE A,
P 50 P S P KA AE 3.35~3.5m LA I .

(2) R B A BN it S 40 S AR AC IS iS4 T 3
AT B oA, “ — AL 2P or R EE N 1B TR

TR TEET 14%, BEXG/NT 20%, BA
S, VLB T SR B TR E R, “—1Rik”
KRR AT

(3)3# & XF —590 m 7K -1z fii - 45 52 56 B A9 5 4k
A TE S F W, YT RN 43 58 5] 53.9
kN, 389.12 kN B}, B 5 R 40l 48 = T 14.6% F
15.4%, 5% F1 80 R 8 by, A1 AF X 7E 30 d P9 i 78
200 mm P, BRI R TR T 29 57%, ST AR K 3 i
Mo BAE T —590 m /K32 A B TAEm A “—



M, S SR DR CH 18 B BRI B R AT 5T © 63 -

55 4 1]

PRAL” SC3PE AT i S5 B AT AT, W] A
il il 5 B S AR R IS %

S 7% U

D17 b, shefte i, PRARAE, 5. SRMT AR I 22 45 B f

[2]

[3] FnNl

[4]

[5]

[6]

[7]

[8]

[9]

AR [T]. RO 5 4 2 TR0, 2022, 4(6): 47-59.

LU H, ZHANG C B, WU Z H, et al. Study on pressure development rule
and control technology of overgored roadway in fully mechanized
caving face[J]. Journal of Mining and Rock Control Engineering, 2022,
4(6): 47-59.

HIGE, S3 B, sk TR, 2. SRt 3l 5 5 52 A6 3 i IR pIL 1 B
FepE il BARBETE [T]. SR, 2024, 43(3): 26-31.

TIAN Z, HU Z X, ZHANG C F, et al. Research on failure mechanism
and control technology of roadway in extremely thick coal seam under
dynamic load disturbance[J]. Coal Technology, 2024, 43(3): 26-31.

L B, BRBEAR . BEAT I SR UL IE TR0 AR 2 Ay = 4kl #0075 1 ).
TR AR, 2022, 41(9): 49-52.

HE G, WANG B, CHEN H D. 3D virtual simulation of mine subsidence
prediction model[J]. Coal Technology, 2022, 41(9): 49-52.

SUN'Y, LI G, ZHANG J, et al. Failure mechanisms of rheological coal
roadway [J]. Sustainability, 2020, 12(7): 2885.

F& O, i A TR R R A A 4 o AL DD M 2023, 32(12):
32-34+43.

ZHAN P, MENG H Y. Control mechanism of deep high stress
roadway [J]. Coal, 2023, 32(12): 32-34+43.

g MG, R0, X, A5 TR ACE 45 T8 [ 5 5 A S U B S 4
45 Ky AR AR AT 9 I L/OLD. B8 ¢ B 2 £ R+ 1-15[2024-01-06].
http://kns.cnki.net/kcms/detail/11.2402.TD.20231102.1041.002.html.
MENG Q B, SONG Z M, LIU B, et al. Interaction analysis of deep soft
rock roadway surrounding rock and bolt—shotcrete U-—shaped steel
supporting [JJOL]. Coal
1-15[2024-01-06]. http://kns.cnki.net/kcms/detail/11.2402.TD.20231-
102.1041.002.html.

BT SE, AN, SR L, S TR TSR 2 I R A I AR T R
PLERBESE (1], SR 15 2 2 TR, 2023, 40(4): 730-742.

SHAN R L, PENG Y H, ZHANG W Z, et al. Study on deformation and

failure mechanism of deep thick coal seam along two sides of

structure Science and Technology:

roadway [J]. Journal of Mining and Safety Engineering, 2023, 40(4):
730-742.

R, Bl P H, 4 5% 25T FLAC3D RIS [ R A5 3 S 4
BB SAT 0] AR, 2016, 35(7): 12-14.

ZHANG S K, ZHANG Q W, RU Z L. Simulation analysis of support
design of deep soft rock mining roadway based on FLAC3D[J]. Coal
Technology, 2016, 35(7): 12—14.

ARG, A EA, FLAE P TR [ S LT 5 R R AE [T M
42,2014, 45(8): 224-227.

REN Z C, YANG S L, KONG D Z. Deformation and failure

characteristics of deep roadway surrounding rock[J]. Safety in Coal

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Mine, 2014, 45(8): 224-227.
EoB I, 2. Boa A 18 Bl A AR TE &SP Ak B9 3DEC
A3pT (3] Bk A 5T 571 %, 2018, 38(2): 40-43.
WANG H Q, ZHANG Y Y, LI K G. 3DEC analysis of surrounding
rock deformation and support optimization of soft rock roadway[J].
Mining Research and Development, 2018, 38(2): 40—43.
M, A2 T, W, AF R T IR h s B AT S S
BAALB s (1], 55 59T %, 2023, 43(6): 97-102.
LIT, ZUO Y J, PAN C, et al. Research on optimization of supporting
parameters of hollow grouting bolt in deep roadway of Jinfeng Gold
Mine[J]. Mining Research and Development, 2023, 43(6): 97-102.
T, 2L, X I, S5 GEER SR B 5 DX B A R BOR
(37, BE5 T HE, 2022, 54(11): 18-23.
ZHANG J, LI H B, LIU A Q, et al. Control technology of roadway
surrounding rock in deep mining affected area[J]. Coal Engineering,
2022, 54(11): 18-23.
IR, 50, A, % B BIE S
WE5E 0], S5 241, 2016, 41(12): 2921-2931.
WANG W J, YUAN C, YU W J, et al. Research on stability control

T o R A o O ik

method of surrounding rock of deep roadway with large deformation[J].

Journal of China Coal Society, 2016, 41(12): 2921-2931.

KR, XD, SRR, 4F . URER R IO AR SR B RO B Ry

JEIARBIE ST [J/OL]. JE B B 22 K« 1-14[2024-03-26]. http://kns.

cnki.net/kems/detail/11.2402.TD.20240110.1453.002.html.

ZHANG X, LIU Z G, ZHANG J Y, et al. Study on Law of crack

propagation induced by blasting in deep high gas coal seam[J/OL].

Coal Science and Technology: 1—14[2024-03-26]. http:/kns.cnki.net/

kems/detail/11.2402.TD.20240110.1453.002.html.

RELL, g o R SR AL S AR D). A a1 s
LAE2A3R, 2024, 43(1): 1-40.

KANG H P, GAO F Q. Evolution of mining stress and surrounding

rock control in coal mine[J]. Chinese Journal of Rock Mechanics and

Engineering, 2024, 43(1): 1-40.

ZERS, XIAR, o p ol B B e R S A AV R AR S SO
TP ], R, 2017, 36(9): 72-74.

QIN S, LIU C, LUO . Application of loose circle theory and

measurement in lithologic interbed roof mine support[J]. Coal

Technology, 2017, 36(9): 72—74.

KAk T BRI R L B R

SR, 2021, 43(4): 249-254.

ZHANG J L. Research on the support technology of soft rock roadway

W SRS (1] fETR

with high stress fracture in deep well[J]. Energy and Environmental
Protection, 2021, 43(4): 249-254.

NG, REEAR, N, 45, TRIFBIC v L 3 3 2ol 8 2 =
Ry Bl A s il R (0], 22 45, 2023, 54(1): 117-124.

SUN X P, CHEN J B, SUN T, et al. Control technology of surrounding
rock in fault fracture zone of deep soft rock high stress roadway with

over large drop[J]. Safety in Coal Mine, 2023, 54(1): 117-124.


https://doi.org/10.3969/j.issn.1005-2798.2023.12.008
https://doi.org/10.3969/j.issn.1005-2798.2023.12.008
http://kns.cnki.net/kcms/detail/11.2402.TD.20231102.1041.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20231102.1041.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20231102.1041.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20231102.1041.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20240110.1453.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20240110.1453.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20240110.1453.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20240110.1453.002.html

- 64+ B A 5 1 2024 4

Study on Failure Characteristics and Control Technology of Surrounding Rock in
Deep Soft Rock Roadway of A Coal Mine

LI Peng", JIANG Guanzhao’, LI Hong’

1. Lu 'an Chemical Group Gucheng Coal Mine, Changzhi 046000, Shanxi, China;
2. Faculty of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650031, Yunnan, China

Abstract: Deep mining faces problems such as high geostress and difficulties in tunnel support. The failure of the support
structure of =590 m horizontal transport roadway in a coal mine in Shanxi Province leads to large deformation of roadway
and has a great impact on underground safety production. Aiming at the problems existing in the original support scheme,
this paper proposes the idea of “anchor net cable integration” support, and studies the destroy characteristics and control
technology of roadway surrounding rock by means of field tests, numerical simulations and industrial experiments. The
research showed that: (1) The horizontal principal stress of the surrounding rock of the roadway was higher, reaching 39.08
MPa, which was the main reason affecting the stability of the surrounding rock. (2) By analyzing the stress field and plastic
zone of surrounding rock around roadway with different support schemes, the vertical stress of optimized support scheme
was reduced by 14% compared with the original scheme, and the range of plastic zone was reduced by 20%. The support
effect of “integrated” scheme was better. (3) Industrial application has been carried out. Through the stress test of anchor
ropes (cables), when the stress of anchor ropes and cables reached 53.9 kN and 389.12 kN. Compared with the original
plan, the increase was 14.6% and 15.4% respectively, and the stress effect was better. The deformation of the roadway was
controlled within 200 mm within 30 days, which was about 57% lower than that of the original scheme, and good support
effect was achieved. The “integrated” support form can effectively control the deformation of the surrounding rock,
which is a roadway with similar geological conditions.

Keywords: deep soft rock roadway; "anchor net cable integrated" support; numerical simulation; field monitoring
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