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Study on Cause Analysis and Treatment of Pavement Arching Disease in Highway
Tunnels in Water-Rich Soft Rock: A Case Study of Yunling Tunnel on

Shiyan—Manchuanguan Section of Fuzhou-Yinchuan Expressway

LEI Zongjian' ,HUANG Dan’", WU Zheng’, WEI Guoyu’

(1. Hubei Provincial Expressway Industrial Development Co., Ltd., Wuhan, Hubei 430051, China; 2. School of Automotive and
Traffic Engineering, Wuhan University of Science and Technology, Wuhan, Hubei 430065, China)

Abstract: To explore the mechanism of pavement arching disease in phyllite soft rock tunnels and propose
targeted disease treatment measures, based on the Yunling Tunnel in the Shiyan—Manchuanguan section of the
Fuzhou — Yinchuan Expressway, typical tunnel diseases were investigated, and triaxial compression tests of
phyllite in natural and saturated states were conducted to study the failure laws of the tunnel under the
combined action of fault fracture zones and groundwater. The research results indicate that the compressive
strength and elastic modulus of the rock in the saturated state are lower than those in the natural state, which
demonstrates that the structure of phyllite undergoes damage and deterioration after being exposed to water.
The fault penetrates the tunnel in an inclined manner, resulting in the phenomenon of unsymmetrical loading in
the tunnel. A larger permeability coefficient of the fault means a larger volume of the plastic zone. Under the
seepage — stress coupling effect of the tunnel, groundwater and faults reduce the bearing capacity and shear
resistance of the surrounding rock at the tunnel bottom, leading to pavement arching in the tunnel. Starting from

improving the integrity and bearing capacity of the surrounding rock and lining structure, three categories and

WimBH:
HE&£mAB:

EEE T

2025-01-22 f&[E HH:2025-10-12
WA A LW IT N EMFRTE (45 :2023-121-121) ;b B AT ITR RIS E5 E (55
Q20221104)

CEEEE B WL, m g TR UM E-mail : 49548605@qq.com

*BIEIESE ¥, &, B4, JFIi .E-mail: 303374142@qq.com



¥

R

%24 5

&)

..‘

ELF T KK B NG I AR E R B 5 R AR 213

six types of disease treatment schemes were proposed for different disease causes and degrees. A new

technology of embedded arch reinforcement structure was proposed for sections with severe pavement arching.

The on-site construction effects show that the treatment and reinforcement achieve the expected effects, with

good economic and social benefits.

Keywords: tunnel engineering; water-rich soft rock; pavement arching; fluid-solid coupling; fault fracture

zone; disease treatment
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Figure 1 Geological profile and disease distribution map of Yunling Tunnel
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A2 AT 2B K /m g Al I E R
1 7ZK14784-470 7K14784513 43 K& B AR Y | I T I 24 R
2 7ZK14784780  7ZK1478+875 95  KufEIEARIE | T L35y
3 7K14784-925 7ZK14794-080 155 BT T 24, 1) 45K 70 m, Jmy P AR L Ak 5 T R 2235 4.5 em hEE
4 ZK14794080  ZK1479+130 50 TR AL ARG TE R Ry
5 7ZK14794375 7ZK14794530 155 BT T2, M 245K 98 m, Jm il b b S i 2235 2.5 em 1
6 7ZK14794785 7ZK14794830 45 AR 0] Z44E | Jm) A HE Ab 5 T 2538 10 em JUE
7 7ZK14804 025 7K1480+ 337 312 [T 2 1) T 2L i
8 7ZK1480+450  ZK1480-+485 35 BEHITR CHOREME L35y

THRE TR N 2.639 g/cm’, HRIRE T HE N
2.652 g/em®, ML AR ZS T % 8y 2.656 g/em’s T M
FR TR E TR R KK 48 h, A T-HUA
MK R R 1% o

U 53 T AR A i 3% 28 DR B R 2 43 i Dk
PO HE AT IROWIE S5O 5 0 ) B A AT . T AR
K2 000 15 i HL 45 S SR Gn 1 3 B, B TR
J2 BT O S5k, SRR A AR 6% AR A A5 A

(¢) “AHREELIFRL 3 (d) LM A L AN HE B

2 RIEREERERR
Figure 2 Disease situation of Yunling Tunnel
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Figure 3 Electron microscopic photograph of
phyllite sample ( X 2 000)
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Figure 4 Mineral X-ray diffraction composition analysis
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Table 2 Triaxial test results of phyllite

B/ WE(EE SREEFYY MR SRy
1R 4 2 N AE
[l MPa JE/MPa {H/MPa 1/GPa {d/GPa it

N-0 0 21.59 21.59 5.05 5.05 0.015

N-3-1 35.09 5.50 0.185

“ 3 35.47 6.05
N-3-2 35.85 6.60 0.114

IS

N6 46.59 9.23 0.074

N 6 47.09 9.30
& N62 47.59 9.37 0.060
N-9-1 59.28 11.68 0.077

9 57.52 11.01
N-9-2 55.75 10.34 0.037

S-0 0 11.60 11.60 1.67 1.67 0.109

$-3-1 19.66 3.47 0.096
. 3 19.17 2.92
B g3 18.67 2.37 0.540
Fill
861 32.39 5.72 0.384
N 6 33.51 5.84
5 S62 34.63 5.97 0.256
$-9-1 41.09 6.25 0.308
9 40.87 9.82
$-9-2 40.65 13.40 0.144

16 2587 2R TR A0 AT BUE 099 BE ) 2 280
SR o TR T BOA B B R 26 B0 B AR
TP 50107 18 Ak | RE BB CRR AR A B R A 5
EE R AR AU R R R 0P O B el
R L ey o O I N U VR i N 4
Sh IR T T MO 1 R B T MO Hh B i
1) By D) R 22

3 MEBR-NHABEHAL S

31 HERERHESH

AR SCR ARG S A B - N AR A LA 4y
*ﬁﬂﬂ%ﬁ?ﬁﬁ%ﬁ?&ﬁ%%%ﬁ%ﬂmﬁJﬂm

& T8 7 Wy 247 i T 7K 2[RI AE TR A s IR R

K FLAC™ 6.00 8 {4 g 5 B (E B/, DL g i rh
Bk B A A A BU50 m, B E Y )45 65 m, y Bl
] 100 mo AR ik 8 T2 70ROy 387557, T )=
o BEVE R 20 mo Wi JE B OB R R IR b R R AT
B, 23 B BT 2238 R 110 m/s 1X 1077
m/s.1 X107 m/s.

Bx i = AL RN E 6 T n o BEIE JFIZ 1 m K
VEWI 3 460 1 m AR IR 2 100 25, W i 4 A4~ I 42 52



216 ¥ 4k

A S

o A v R T 1 0 B8 K N Ty ARG B . R KA 1
e HE % T8 o0 20 moAb o RIS Bk TE R A A T AKCIR
B CEBARIW A A AT e KT R RSB KL
BB R EA G R B A A R A B R
AR B 97 309 S B R R A ) A R R A L AR
T b 5 B A R, SRR A S 3o LIV LV
P MR T EE A O, R T A I HE Y
VG5 R s 5 ™ T R T R R R I A
JE T 28 7™ E 5 ) R T X 4 R A R AT I
IR B BRI VLT ) (T TG/ T D70—2010)" Ko {2y
% BE B BT R S — M £ TR ) (TG 3370.1—
2018)", V 2 [l B SBUE A5 A B v 4% 2 FBL A SR )
HSHUENL R, W2 S 8N S % i ek, &3
e BBl 5 B AH 56 24P 25 0 1158 2 80, LR RE O 45 4
SRR 3R .
FEZ X 35

[
i 2 X 45
[l 7

6 BRE=4EEBE(RA m)
Figure 6 Three-dimensional model diagram of

tunnel (unit: m)

R3 BEEMITESH

Table 3 Calculation parameters of tunnel structure
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permeability coefficients
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