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Lining- stratum interaction mechanism of mountain
tunnel based on static pushover model test

LU Qin-wu, GUAN Zhen-chang, LIN Lin, WU Shu-jing, SONG De-jie
(College of Civil Engineering, Fuzhou University, Fuzhou, Fujian 350116, China)

Abstract: With the rapid development of traffic infrastructure construction in western mountain area, the lining-stratum interaction
mechanism of mountain tunnel under seismic effects has attracted increasing attentions. Based on the prototype of a regular two-lane
highway tunnel section with V-grade surrounding rock, a static pushover model test for mountain tunnel was conducted. The
variations of stratum displacement, stratum strain and ground pressure with pushover distance were carefully studied, and the
lining-stratum interaction mechanism was thoroughly discussed. The test results show that: the lining-stratum interaction can be
generally divided into compacting stage, overturning stage, and dragging stage. The stratum tends to circumferentially flow along the
lining perimeter from the springing line in the overturning stage, and then drives the lining to shift together in the dragging stage. The
stratum near the springing line experiences predominantly radial compression, forming a compression deformation zone, while the
stratum near the lining shoulder mainly undergoes circumferential compression, forming a slip deformation zone. The response of the
ground pressure on the left and right sides are exactly opposite. Specifically, the ground pressure in the compression deformation
zone on the right side is greater than its counterpart on the left side, while the ground pressure in the slip deformation zone on the
right side is less than its counterpart on the left side. These researches can provide some experimental basis and technical support for
the anti-seismic calculation of mountain tunnels based on response displacement method.

Keywords: mountain tunnel; lining-stratum interaction mechanism; static pushover model test; digital image correlation; ground
pressure
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Fig.1 Diagram of classic response displacement method
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Fig.2 Diagram of boundary forced response
displacement method
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Fig.3 Lining model of two-lane highway tunnel (unit: mm)
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Fig.4 Illustration of model container in static pushover test
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43 HEERAE

KB, RIFETM 1. 24 3 W E B \fi 5%,
WK 9 Fs.

TR, AR TG E RS, R
BOARAER T, th2 8k Rk AR B ZI R,
HEgKBEEMEL N 12 mm, HITA LT M5,

T2 o, MR R BRI K B EER
AN, RREREES 3.9 mm. 3 5WEEnT
S0 A I RT HE28 BT b 2 1R 1 43 B S 2R 7 1 A 7
FOA M Z DU HE LR Sy o 7 P R B M eI G s RIS
AKPHEEAE F IR R 3 B4 B, 3R 3 M
RADLIENAE, SHILEMMSARLE, I ) KUk
48N 0.5 mm.

AR
— e B X AR P T

— —RUERKME A AL
‘ : <

~ 450

X/ mm
A/ mm IR T [
-0.2 0.5 1.2

(a) T 1

m— R
= =l AL
— TRUEERIME L

1) e KU B 0.5 m)
T BUR AR

x/ mm
f7#%/ mm I O B
-0.6 1.6 3.9

(b) TH2

AR
— e G Y R S P LT
— — R ERKHE AR S R

=
450
X/ mm
ArF/ mm T T .
0.5 5.1 9.7
(¢c) T3

B9 MEREEMBERE

Fig.9 Vertical displacement contour of stratum

THL 3, BEEMEEARIER, SERILE N



ERE

FAREAE: BT A R 1 LI W B A )t JEAH ELAE P LRI 5 2323

W3, AN PRSI AR X T 5k S gk b
T, R R E RSN 3.5 mm.
5 HuZE AR AT
51 HEENZ

oM JZ A5 07 7, TCiR AR BAT W) -Hb 2 1)
FHEAE A o F R A S At )b 2 AH B A AL 1
HEIRbR, 2 H B 10 Fix.

Y
= =il AT
> —< JERATT A

(a) IH2

R
= =l Ft% N IL
> —< JERARTT 1A

T B3R )

R IR AT
i WA

(b) T3
B 10 HERMNTRERE R

Fig.10 Stratum compressive strain contour and its
direction

T2 R, BETIS 4L BT S IR )
JERNAR, EEELREX . T3 9, BEEHEEA
Rt — D3R, HETI HE A BT 2 28 ) e S AR &
JIERSTE Sy | P il R ik 5 pTing Y 7= cHa v B2/ K G 1) SS9 YA
A, TERHTEEREX . FdRE AT X A &
R, PR TR DR A KT
HETEAE VR IR ) A5 8 2 L /AR T BT 1 4518
52 HUEHIRIAE

FAhHh, i RN 2 B A 11 Fros.

O 2, SR BRI 32 AT A AR
WL AR, BRI T3 1, BHHEE
frAg it —BHER, $UR -5 PRI R AR A AL
BHEEEN, WRREXY KEEHRLRIT, K
Jr AR RO, PR TR S

IO

— R
— GBI L
<~ > R

300 a——

0 90 80 0 360 450

X/ mm
gy T T T
0.00 0.15 0.31
(a) T2

—
— — B I
<> BRI

e
BRI

|
1
0

X/ mm
it
0.0 0.5 1.0
(b) Lin3

SR VIV oA VR NS S |

Fig.11 Stratum tensile strain contour and its direction
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