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Analysis of the Failure Mechanism of Deep Soft Rock Roadways and
Research on Rework Control

SUN Ziqiang, SHU Hao, WEI Jie
(School of Civil Engineering, City University of Hefei , Hefei 230071, Anhui, China)

Abstract;To solve tthe problems of significant large deformation of surrounding rock and frequent failure of support sys-
tems in deep soft rock roadways, this study takes the surrounding rock control of the pedestrian downhill roadway in the
12th mining area of a coal mine in Anhui Province as the engineering background, analyzes the failure mechanism of
deep soft rock roadways, and proposes a targeted rework control scheme for roadway surrounding rock , which has been
successfully applied in engineering practice. The results show that: (1)The main causes of roadway deformation and fail-
ure include weak lithology and low strength of surrounding rock, large burial depth, high in—situ stress, and unreason-
able design of the original support parameters. (2) After the application of the rework control scheme, the expansion of
the plastic zone and the deformation of each part of the roadway surrounding rock are effectively suppressed. The plastic
zone ranges of the roof, two sides and floor are 1.8, 1.6 and 2.7 m, respectively, and the corresponding deformations are
105, 245 and 133 mm, respectively. The reduction degrees of all deformation indicators compared with the original sup-
port scheme exceed 76.3%. (3)Field engineering application results show that the deformation of each part of the road-

way surrounding rock is relatively small, presenting the characteristic of "deformation of two sides > roof subsidence >
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floor heave". The maximum deformation of the two sides is only 222 mm, and the surrounding rock control effect is re-

markable. The research results can provide a reference for the support design and parameter optimization of similar road-

ways.

Keywords:deep soft rock roadway ; failure mechanism; rework support design; surrounding rock control
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Center Rotation
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(a) I3

FLAC3D 3.00

Step 20641 Model Perspective
2050:00 Sun Feb 25 2018

Center Rotation
X:0000e4000  X: 0000
Y.200e4000 Y. 0.000
Z.0000e4000  Z- 0.000
Dist 140364002 Mag: 1
Ang.: 22500

Block State
None
shear-n shear-p

Hasca Consulting Group, Inc.
Minneagois, MN_ USA

(b)iRBITE
Bo6 BEZIFARMBRMEHFETEMXITLE

1200

76.3% L2 BRARER
: 0O JFEZ 575 &

1000 - .
o L DERBEAE
ﬂﬁ 800 + 80.7%
gi 600 80.7%
I = 5 i
B 400 | ; i

200 i FW i

0 r‘_‘ 1 1 ! J

TR T oL PRt JEE At
E7 BEXPARMBEFARTEEEHEX L

322 BB EME RS

R T SRR E A S A SR A B Bl T
JREIAAETE W . [ 8 9 60 d i 4518 6 A A8 T B b
LIS

H 151 8 AT A1, 4R T R A& 7 58 St 60 d J , A% [

250 1o WRVIER — FHEBILE

:
3\3 200
;\g 150
®
Jg 100
=
;ﬁ@ 50
0 20 40 60
W RS )/d

E 8 BHEEASMBIIZEN

TR ARG BN AR I PR A g > T
B B P> RS B A TR AL, T % 3 i e R AE
4222 mm, TR T UM A 3 B B i 150 mm,
X 2 TR A M N g LIKSE R I o 32 5
TE JRT A T8 5 1) 5 20 1) 5%, ol 7 5 7% i
BETR, TSR FH 4 W T 99087 ) 3 0 s 2+ 4 W T
BT+ 4 AT TR A 4 o I+ B R 3 T SR K
FERIRT R IG | 7000 KA A 1R B R EE 1 5 34 D AR
A AR A5 B RO . 037 5200 A e 5
SURRWIG BRI IR R B 1 i 200 & 3

4 #ig

D) ZREERER 12 5 X AT AT LA 38 A e S 4
T T Bl KA TS i 3, KON 4 ™ 5, )2 Kk
T P8 SR R R AL XA L AT B
0 R, 0 7 48 3 BB S PR 244 3.0~4.1 m), )7
AT T R, SOl Al 0 AR )R T R At L S
P DI ME LU B5OR A, A 1E R  Fe ME LA

2) e FAT AT L5 38 e SR R AE AL B 53 BT 7]
5, A TH PR e DA 1 A 3 DU A R AR
TR B 1 Ty, A SR R TG L

3) BR300 B 7 W 2 B < 4 i T A
T Il 2+ 4 T T O IR+ 4 B T A TR A+ RUIR
b+ BE JE 50 JE 5 DR B G 4 ) O SR A LA AOR
BB RS REUN, AR R W R
>THMR T 0> I BBt " (0 AR TR R AIE , S B i dik e
FKAE K 222 mm, TR T UTHE B R A 1t 150
mm. P, FT7ESAUS T S i R A T I £



£ 54 - B8 mER(AAHER) % 40 %

Sk

(1] Ak s, R, F IR T 1 € B 5 A8 AT B 347 2 K ()] B 5% 5241, 2011,36(2) :261-266.

[2] SUNX M,CHEN F,HE M C, et al. Physical modeling of floor heave for the deep—buried roadway excavated in ten degree in-
clined strata using infrared thermal imaging technology[ J]. Tunnelling and Underground Space Technology ,2017,63 :228-243.

[3] LIYL,YANG RS,FANG S Z, et al. Failure analysis and control measures of deep roadway with composite roof : a case study
[J]. International Journal of Coal Science & Technology,2022,9(1): 1-18.

[4] WANG Q,HE M C,YANG J, et al. Study of a no—pillar mining technique with automatically formed gob—side entry retaining for
longwall mining in coal mines [J]. International Journal of Rock Mechanics & Mining Sciences,2018,110:1-8.

[5]  3pRde, A2, &40, F RFBEERB R ESRBSAERARL (] RA 5 %2 T FIR,2024,41(5) :982-989.

[6] EME,FEY AW, F RIRBEBHRESEHNEREZABE B mBARZEAR]. FaXFFROARAFIR),
2023,54(6):2496-2512.

(7] RER, 2 Z2, m45,F. R AAEME LS AKRBRRRLRBARFL]. K7 5 %2 1425 H),2021,38(1):
68-75.

=

[8] INAME. MBI FBRLIERRKS BB ELEMENE T EEHNETI[D]. T FHE K F,2017.

[9] HAM, H2% AZE,F RABREXEFLEBETFEENE S]] RF 5 %4 45K ,2016,33(6):
1014-1022.

[10] AZE,FAM,WER, S hFoTLRBREREAETHIFNEIH [T L AHEKRFFROEZAFR),
2013,32(4):1-6.

[11] Mok, 224, 20 5,5 KB EEH2E T HMNREBESIEHER[I] P EF LK FIR,2018,47(4) :830-837.

[12] FpER, 4% T, 5 A TAME 00 IR 303k 5 30 B A i ORI B2 ) 2T R [T]. P B A7k X % 524k, 2023, 52

(5):931-942.

[13] MR, ZRM, BIRE,F . RIEREERDAE KRB LGN REHRIFHEK]]] AT 5 %4 T4 5$IR,2024,41
(3):533-548.

[14] Z%4% 53R HEF F RBREXIHBAE LR RHER BRI ARZ A [T] 0 RAFH AR, 2025,53(2):
53-67.

[15] 27 @, 328, X4, 5 RPN KEAZRARDEE BB RGHHERI] KT 55 EEH T FHK,2024,6(1):
80-90.

[16] &% FL &, BHL, 5 FLTPABE R -7 LM 5 LRI & R AHHR [T 0% FIR,2024,49(4) : 1752-
1770.

[17] BEF R ZHRASEHAIRHIL B I B F A R[] ERAFHAR,2017,45(7) :12-17.

(18] AT A2, 2R & B AR S EAE LU N 3 AR B H R[] B A2 R ,2024,52(12) : 1-11.

[19] SUN X M, CHEN F, MIAO C Y, etal. Physical modeling of deformation failure mechanism of surrounding rocks for the deep—
buried tunnel in soft rock strata during the excavation [J]. Tunnelling and Underground Space Technology ,2018,74:247-261.

[20] EAR AT HAEBEAX LG EE-LFMEAERIHIT]. 28 HFE5 T4254HK,2011,30(S1):2871-2877.

[21] &5, 2F 350, F R T AT M W R BAS IR B R [1]. R 9 5 %4 T8 53R ,2021,38(4) : 756-765.

[22] &4L, B4, 2F, 5 AE R EHFE E M2 mEARBSFRREF T[T 5 £ %,2020,41(6): 1-12.

[23] R EA . FI KW@ AL B A IRHIE RIS B A[J] B R T42,2025,57(2) :61-67.

REHRE L



