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Model Test and Numerical Analysis for Failure Behaviour of Shallow Tunnel

Considering Unsupported Tunnel Length

Kim, Youngmin

Abstract During excavation of shallow tunnels in soft ground, failure mechanism around the tunnel face have major
influence on the stability of tunnels. In this paper, a series of laboratory tests under plane strain condition on the
small scale of a shallow tunnel considering unsupported tunnel length has been performed. The results have shown
that tunnel failure mechanism changes from failure mode 1 to failure mode 2 as unsupported tunnel length increases.
By comparing the experimental and the numerical results, the loosening pressure for the shallow tunnel and
progressive failure have been investigated.

KeyWords Tunnel model test, Failure behaviour, Shallow tunnel, Unsupproted tunnel length
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Fig. 1. Apparatus of model tunnel
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Fig. 2(a) Photo of model tunnel x

Fig. 3. Triangular element for least square method
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Fig. 4. The representation of model tunnel

(a) Maximum shear strain

(b) Incremental displacement vector

Fig. 5. Maximum shear strain and Incremental
displacement vector(H/D=1, P/D=0)
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(a) Maximum shear strain (b) Incremental displacement vector

Fig. 6. Maximum shear strain and incremental displacement vector(H/D=1, P/D=0.5)
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(a) Maximum shear strain (b) Incremental displacement vector

Fig. 7. Maximum shear strain and incremental displacement vector(H/D=1, P/D=1)

(a) Maximum shear strain (b) Incremental displacement vector

Fig. 8. Maximum shear strain and incremental displacement vector(H/D=2, P/D=0)
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(a) Maximum shear strain (b) lncremental displacement vector

Fig. 9. Maximum shear strain and incremental displacement vector(H/D=2, P/D=0.5)

(a) Maximum shear strainn (b) Incremental displacement vector

Fig. 10. Maximum shear strain and incremental displacement vector(H/D=2, P/D=1)
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Fig. 11. Incremental dispiacement vector during test for H/D=1, P/D=0



Table 1. Internal pressure during test for H/D=1, P/D=0

Internal pressure
(tm®)
0 0.33
1 0.26
0.25
0.16
0.098
0.065
0.047
0.032
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Table 2. Material parameters

Young's

Cohesion
(tfm?)

Friction
angle( )

Dilatancy
angle( 0)

Unit weight
(tfm’)

Earth pressure
coefficient

modulus
(tfm’)

Poisson's
ratio

0.

30

0

2.2

0.5

3300*

02

* assumed value
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Fig. 13. FEM model mesh for H/D=1, P/D=1

7+ Aol gk FEM 34 Zal, Aozl &gAtd) el
WP TS TASHA Fig. 15~169F ). T3 FEMa)A]

03
025
02
018

Normalized pressure

01
005

0 0.5 1.0

P/D
(@) H/D =1

A F2kelE SAER $EE 2ASI 70 HA &
& dAE HduAR st B uh Al Ha A
RS AT Bl Y] Fa AHQR ARkeH
AollA Bl e stAld o] A EQte] PR, FEM
gy BE Y 27188 e vReR 2
7| AFAsEE Ast, dAHeR 2SS H
deof 7iste] Bld-g stjAl7A Aok w2 24
HYE FEMBIAA| S=go] Hx| g dAe] S3sks
& Tl 27| FaEHsgelA oA 2-saE
ko 2 ZhEE 4= Qlek of7]A Ha AEQRE 27
ARl shaA] 22 siegke W ghe EARE
th Fig. 140] RPAFA Z4% g} FEM3|A A
A2 A ARE 2h Al diste] A Ewgef o
3 vz #A3ko] YERfIn B3 Table 39 2 45

04
035
§ 03
$ o025
[+3
B 02
]
©
g 015
S o1
005
0
1] 0.5 1.0
P/D
(b) HD = 2

Fig. 14. Comparison of minimum supporting pressure between model test and FEM

Table 3. Minimum supporting pressure for Model test and FEM(unit: tf/m’)

Case P/D=0 P/D=0.5 P/D=1
Model test 0.098 0.1419 0.188

H/D=1
FEM 0.099 0.132 0.182
Model test 0.10 0.132 0.198

H/D=2
FEM 0.099 0.127 0.204




(a) P/D=0 case

(¢) P/D=1.0 case

Fig. 15. Incremental displacement vector at failure for
H/D=1
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(a) P/D=0 case

(b) P/D=0.5 case

(c) P/D=1 case

Fig. 16. Incremental displacement vector at failure for
H/D=2
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