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Deformation and failure characteristics of deep broken soft rock roadway
and active-passive collaborative support technology
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Abstract: To address the engineering problem that the large deformation of surrounding rock in deep broken soft
rock roadway is difficult to control, this study takes the up channel of 2301 working face in Xin’an Coal Mine as
a case study. By using theoretical analysis, numerical simulation and field test, it analyzed the deformation and

failure characteristics of roadway surrounding rock and the failure mechanism of single support to reveal the
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mechanism of active-passive collaborative support of deep broken soft rock roadway. It then proposed the “active
pre-reinforcement plus passive deformation limitation” collaborative support strategy and formulated the active-
passive collaborative support scheme of “bolt plus ‘W steel belt-anchor cable’ plus ‘anchor cable beam-I-steel
shed”” adapted to engineering conditions. The simulation results show that the support scheme can reduce the
maximum dissipated energy density of surrounding rock to 0. 39 MJ/m?®, which is 87. 6% and 89.5% lower than
that of single active support and single passive support respectively, and that the convergence between the two
sides of the roadway and the roof and floor is reduced by more than 70%. The field test shows that the
deformation of the roadway surrounding rock is reduced by more than 60% after the application of this scheme,
which effectively controls the large deformation and ensures the long-term stability of the roadway. The active-
passive collaborative support technology of deep broken soft rock roadway formed in this study provides a
theoretical basis and technical support for the stability control of roadway under similar geological conditions.

Key words: deep soft rock roadway; active-passive collaborative support; stress regulation; energy dissipation;

large-deformation control

TRURBECA A8 T8 32 o M I 7 SR 3l B LA AR 45 SR 2% 2R P IR R T B RSB 5 SO0 23540 G Ak ) A
R K A v A PR U L TR A M TR A R AR S TR 5 A b B
3 ARG Sy ST G X L R A R E M R OR T a8 S CREAT B R T 2 B A AR
2y DX [ T RS E e J2= T [ - R A 40 ) [ e A T (EL 52 TR0 BT B e DX BT A | 97 A 200 i
5 A DL B TR R G 5 T R R B Y R A B BT, S PR R A 0 i a B (I
PEAO MR B B WIS Sy A 3 2 1 1] A 32 1 SCHE R (R A RE W 3h R 32 B A A8 8 IR 0 L A v M B AR T
i VR figh A 249 2] S5 350 Jey 38 0L g B o, 6 T 5 LS 45 4 1) 5T O A0 G TR VR AR A L R 4 TR R R N )
Gyt R S S R R A AR ) A B L 22 2 U I T s R A R R S O e s TR R AR
T 250 ) K B A2

B X R R A A TR e M AL [ PN A 2 TR 68 T B S S B A sl S S R R L LA Y )
VA A Oy T T R SR A AT R T O AR TS T ik S AR A A 4 5 T
ERR SR R R FRE T (R TR s I g AR R LA R AR L SRR T T R 3 A R
AR AR TR 28 B0 06 I 5 R K 7 7 - P 0 28 Y AR AR AT 28— S 4 0 30 DG PG 12 78 T8 LA L 5 1 3
SCA R R R R RN L B T R G S A R R S B AL 7E S DL (R s S
£ 77 280 328 5 107 T AMEEBIL IR ) L S AP R (4 gl S A I B A 5 D RE DT D) L SC4 U5 58 GE T TR 2R AR Y
HAR AP S50 5 280 1932 8 5CHR 5 ATI A AN JE 2 4 1 AR LR GE 19 3294 8l P[] S 40 B e 5 e B it
Tiiks

R ABESE A B M 2301 AR BB O TR 5t 8 G BRI o0 A EUE B B, R
TR BT TR A0 A T B S R AR S B — S R AL B . e SRR b B ] S Bl gl B[R] S LR B
32 Bl B - 3 BRAS I 4 P [R] SC A 5w, - ) 3 BE % TR AR PR B SR 07 58 ol e B A UL R B 7 1K
6 6 7 S8 A R R SR T R R AR A I T B Bl B[R] S AP RO sl TR O AR T S N Bl s
li) * 3= 3 18 e+ B sh AR ™ 14 T [ 4 A e 22

1 IEE=S

1.1 IiEwFEER

WEL PR, FEHD 2301 T0E H AU 0 37 B2 B 1. 37 2 M ¥ 863 m,
SEXRRE SR 5 m, P S 207, H BB PT R SR 2 12, 05 MPa, i BRI AL fLIGE 5 &
WA A 2R RS T A Y B 280 2 1 TR, A TS A A A IR TR S s R G S
FEME 2 iR,



16 -« L AAREKFFROARHAF RO 2026 5% 3 M
m;\\\ﬁ%
\%om %
W AR
- S s
s 5B T
g5 :
e
& T
ﬂmﬂ\\ﬁ%
b
/ . '/
1 2301 THEEHE
Fig. 1 Layout of 2301 working face
®1 EENMENESH
Table 1 Physical and mechanical parameters of rock strata
ok PiFE#R A /MPa  HLHISRIE/MPa  INEEHES /() Fi%K 71/ MPa B/ GPa HEL/NE4
LR UE ey 38.53 2.83 45. 38 5. 96 9.9 0.152
b ke 31.56 1.73 43.55 5.41 7.3 0.126
3°H2 12.05 1.46 38.47 2.38 2.9 0.313
£;ﬁ;ﬁg T T T ys0 . T T T (ERIN HEBR | EEm
| L7 I 75577557 i 13.5
& | [ 74 ///// %% ///////,/// THE | 53
v — 15
| S | s N e | 45
| IS | | M= b3
& ! AT i 2.5
: ° I : T Y %@E 2;3
R / 5 - 0
'L FE R — ; B | S
it BE | 55
I [
! ' PHE | 755
' ! p— Y
! \ |3 50 / I BHEE | 17658
! 3030 ' | 875
i oo . 1 s | S
[ 600 2 /= I
| — ! g : ! RIHDE 55555
[ [ |
| | e | | — 00"
| | A _16
A LB TS X VLML S0 BE | 5oy
[ [
3500 2 880 — 3.75
: [ 800 [ 850 J/—f”ﬂ‘: =K 3.5-4
= S 5 5 o o _© o] 3 3
| A e e |
| 566 = |
' FEXHE— '
B —5 65— 0 B0 5— 09 B2 b— 03 B 5— 09 B = T B — B
B2 EXPFR5EEERE
Fig. 2 Original support scheme of the roadway and lithology histograms



A PR M TR T IR R AR 15 RS0 B R S R . 17 -

2301 T AE a1 WURS 4 6 T8 A5 38 L AR I T FE 2. 60 m,JIEFE 4. 00 m, i 2. 61 m Wi AL 8. 61 m” . %
AT JF PSS R PR B — S 5 BB R A SRR R 1 R s 3 R 11T B L
B S 3, TS 5 SR JH 1 000 mm X 90 mm X 45 mm 815 52, T0HR A 3% 6 B 15 AR, 15 B 99 ) e
200 mm X80 mm X 50 mm ARBL; Jr % 2 HHP—FF LR 422 mm X2 300 mm BRSUHIA I 5 AT CJH]
HERE 800 mm X1 600 mm) Al $17. 8 mm X 6 000 mm £ % (AR A & B[ HEFE 1 500 mm X1 600 mm) A4
FFRIPRRN,

1.2 EBEETHEHASERZMER

1E 2301 AR FWURE BE BT DIHR 180 m Ab 152 B Wi 0 sl o XoF J52 B — S 40 U 8 1 Bl s 78 O 147 3 3 WL
W, 3 B s . S5 AR RN AR I8 AR T A IR 52 0 MR Y VR CA AL LA B S i K H R W
M RFSEbE IR e — S D R RO RS R A W] B 22 50 Bl S CT S ) B S 248 55
R L IG5 S TR T 4 fih B A B R AR T S OGRS HUAWMIAL RE WY Bl K A2 R E ), ok
A 458 P VR L 77 3 o M LA 58 1 X TR R L T B — 3 Bl S CRERE /RO B L B R R T
B AT A T B Al 1 R 5 o SR A0, L Tt 2 X A R T Y P 24 TR TG U A A L A R K A i
AN o GEICE DR AT VA 25 S =AUy i D M SR 5 52 2% . 2 A W )2 S A 1 LS DR L O AT A i N g BRI
@37 2 [ B AR BRI VE R R B & AR SR B 5 R B s O PR — S A O FE R B
i I B R A VR TR ISR ] 7R A R L S 45 0 1 D) E 45 L S A2 TE ML RS DL TRE L T8 12 52 X
LA AT A il R o

| = FEBER
[ TR R

0 5 10152025 30 35 40 45 50 55 60
K E/d

12007 . mesping
1000 | < UK &
g
£ so0
H 600
i
400
200
L = 0 5101520253035 40 45 50 55 60
B (R) B KHud

3 BEXPRUMEAE G UL

Fig. 3 Roadway support failure form and displacement convergence curve
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Fig. 5 Comparison of single support and active-passive collaborative support methods
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Table 2 Comparison of key parameters of support scheme before and after optimization
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Fig. 13 Lane station layout
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Fig. 14 Courses displacement change curve and displacement convergence rate curve
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Fig. 15 Comparative analysis of deformation trend of the roadway
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