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Abstract; To investigate the influence of different supporting parameters and construction methods on the
stability of tunnels under the action of surrounding rock creep, a triaxial creep experiment was carried out
on soil samples obtained from the site of the Xinjiang water conveyance tunnel project, and the mudstone
creep parameters were fitted using the CVISC model. FLAC 3D software was used to build a numerical
model based on actual working conditions to optimize supporting parameters. Deformation monitoring after
construction control was carried out to verify the validity of the numerical simulation results. The results
show that: (1) Mudstone deformation includes instantaneous deformation and creep deformation over
time, among which creep deformation is the dominant deformation. (2) Mudstone creep parameters ex-
hibit a high degree of fitting accuracy, and the creep characteristics of mudstone can be characterized by
the CVISC model. (3) When the spacing of steel arch frame is 50 cm, the thickness of C25 shotcrete is
25 cm, the length of lock bolt is 4.5 m, and the angle is 60°, tunnel deformation can be effectively re-
duced and the supporting structure can be fully utilized. (4) The monitoring data after optimizing the
construction method on site verified the reliability of the numerical simulation results, proving that the
tunnel was stable under the construction control measures and no supporting structure failure occurred.

Key words: weak mudstone; triaxial creep experiment; creep parameter identification; supporting pa-

rameter optimization; on-site monitoring; time effect
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Fig. 1 Tunnel support diseases
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Tab.1 Triaxial compressive strength

A Pl HiZ =73 BRI
s /MPa /mm /mm /MPa
D-1 0 44 100 13.5
D-2 4 45 99 20.3
D-3 6 45 99 26.7
x2 ZHBETREHRMER (LA MPa)
Tab. 2 Graded loading stress levels for triaxial
creep tests (unit; MPa)
A L Bm B B
i ‘ fiFR ik ik
E-1 0 3.5 7 14
E-2 4 5.0 10 20
E-3 6 6.0 12 24
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Fig. 2 Triaxial creep test instrument
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Fig. 3 Triaxial creep test curve

SRR 3 R, 3 2H e B B R R A R
BRI AT B A ] P A SRR AR Y T AN
AR PR I (8] A RS 7 A B A8 AR il 1 it
BN B S T [ ) A S N ) A
R A T 0, A fE AAE , 5 h 16] i
Ty B AR, G 0 A AR O, e e 2 A
I IA) PN e A RARTE o 16 3R - 1 5 2 A A
R R e VA D NTTR: S NI ERE SR FaW e Y 37
1k s AR 5 I ] £ 1 R T S AR 5 o Gt
50 R AR 23 D 1B N S AR A AR
SEPEASTE P oE e A |, U6 A2 AR T vh bR A2
BB 5E

2.4 ETHERSIET SRS

A IR SR AT R A it A B ), e e
FELEBRIN I | US Al LUK AR S AR Y | i
SR ASAE R P SRR ST R o R T IN AT K — R I
AL, 3 7= AR 5 IR ) R S F Dok 12 5 7 72 AR,
SEWGAL AN | R ) B TR AT A X M AL
fiE o 25 iy o o 1 A IR 5 BE I, 7 00 TR E
NP 728 14 384T0 10 722 A S B R A 3 B A
B, X—Pr BT U VAT

CVISC A5 by 285 98 4 Al 2 A 1 28 8 1P 722 A
WK F8C, B E 2o 286 98 1 7 2 R o P AR A A A
R BRASR SO 2R L i R e o i AR 2
CVISC A BURH bE A AR Y X AR 4D ) 5 T 28 RO B
U AR EA o SRS R O R SR
Jonier g s, B AT LA S0 IR B g8 10 A T SR A
B B RS (1 R AZTE ; S BR for 2K, BEAS fh /s ik
IR A2 SR AR I RIS S5 RCRFAE . BT 4 D CVISC
BRI 7R T AR OC R s (1) BTk

[ =
L I
1, %
 —
n, Gn Gl a
W

&l 4 CVISC A
Fig. 4 CVISC model
| — 0, o, +20,

g
1) = + +
a0 =5 9K

g, — 0, ¢ 1 %

3 |:772+G1<1_e )} (1)
K K WE T MBI R & | Pa; G, .G, WAL
W5 TR BT, Pasy, o, WERETFS

TRSCRE R, Pa « hyo N BN ST, Pas o,



48 Wode T R (A AR D 2026 4
FR LB 9 SR, P ol ; ' ' —
P75 B 0 2 A U5 (1) R B ool _
B (DB (2) L, K A B .C.D HFE b o LR
N Q\QO-‘O*" WAL
e(t)=A + Bt - Ce” 2 2008 il
Hﬁ: ( ) ( ) ia0A06- E
3K(o, - 0,) o, -0, 0.04}o 1
G, = o = ,
94K - (o, + 20,) 3C 0.02} .
n, == (l;)',nz = % (3) 090 5 1%@/}1 s 20
HET I 4 EAS AR F) £ o A A (a) 5 MPaRLy T i 2
MATLAB 437 b 25 i 3t 2% , 15 858 (2) i A 02F e ——
BC D P I 7 2, T L A/ — e vkt o1k . g |
VIR BT T A b 202 DL P B2 | / _
S it b T DA i AR S 4k, 15 2105 AR R N H
MBS, T 3, it % 3 B HOmat (2) 4 gowrf 1
A E-2 0 1R B CVISC BRI 4, W3k 0.28y 1
4, AN[FI ST B A ol g AR HUA h 2 5 th e 027} 1
LI LI S . Bk 263 DA 5 0 2 2 026 ]

SR B VIR G, =8.9x107Pa, 4 5 il
FRRE 0, =2. 7x10"Pa, FF/R LR VIR 6, =
7.4x10°Pa, FF /R SCHNGE R AL 1, =7. 910" Pa,

x3 X(2)SHERER
Tab. 3 Regression results of equation (2) parameters

R_ME BE fE
45 /MPa /MPa

B Cc D

5 0.145 2.89x10° 0.020 -1.601
E-2 4 10 0.316 2.66x10™ 0.027 -0.542
20 0.625 3.52x107™* 0.040 -0.206
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Tab. 4 Parameters of creep model under different stresses

gk Ewh Fwmd FFIRC FFIRC

M BIUIEE B ARN WUIRE  ARARY

/MPa G,/Pa  m,/(Pa-h) G,/Pa  m,/(Pa-h)
5 7.7%x107 1.4x10" 1.6x10°  1.2x10"
10 8. 6x10’ 1. 6x10" 7.4x10°  7.5%x10"
20 10.6x10"  5.1x10™  13.3x10° 15.0x10"
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Fig. 5 Comparison of mudstone creep data and fitting curves
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Fig. 11 Variation of the maximum tensile force

with the angle of locking bolts
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