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On Mechanical Behavior and Cracking Characteristics of Tunnel Lining by
Numerical Analysis

Dae-Hyuk Lee, Jae-Soon Kim, Hi-Keun Lee and Seong-Woon Kim

ABSTRACT Numerical algorithms were developed to analyze the behavior of the double lining as well
as ground mass separately or simultaneously. A lining interface element was especially developed,
verified and applied to the study on the coupled interaction of shotcrete and the concrete lining. It could
be known from parameter studys on double lining support systems that as the contact surface between
shotcrete and concrete lining was rougher, the more decreased bearing capacity against the cracking of
the system. If the thickness of the shotcrete increased, the bearing capacity of the double lining also
increased linearly with the thickness. If the thickness of the concrete lining increased, the bearing
capacity of the double lining had the relationship of the characteristic S-shape of a sigmoid function
with the thickness. When the thickness increased over a given value, it was not useful to increase more
the thickness because bearing capacity had no remarkable change. It could be concluded that the
behavior of the shotcrete and concrete lining was generally reversed before and after the ratio of
horizontal to vertical earth pressure of 1.0 and 0.5 respectively. Therefore, we could guess that the
movement which two shotcrete and concrete lining deflect toward each other around the crown caused a
friction between two linings and thus this disadvantageous effect could contribute to reducing the
bearing capacity against the cracking.
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Table 1. Comparison of scaled model tests with numerical analyses.

Test Analysis Cracking Crack.ing Max. deflec. Comparison
type load(ton) location (mm)

DL.2 Experiment 1.44 Vault 1.03 Cracking : similar
Numerical 1.84 Vault 0.97 Deflection : similar

DL.4 Experiment 0.77 R43* 1.28 Cracking : similar
Numerical 0.82 R45* 1.59 Deflection : similar

DL.21 Experiment 0.85 Vault 1.06 Cracking : similar
Numerical 0.95 Vault 0.88 Deflection : similar

DL6 Experiment 1.06 Vault 1.19 Cracking : different
Numerical 0.76 Vault 0.51 Deflection : different

* : means the arch degrees on left (L) or right side (R) away from the vault.
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Fig. 9. Flexural moment distribution of the concrete
lining in the double lining with the ratio of hor-
izontal to vertical stress
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Table 2. Physical properties of ground and support systems

Elastic Unit . , . Friction
Type modulus weight Poisson’s Cohesu;n angle K
2 3 ratio (kg/cm®) 5
(kg/em”) (kg/em”) )
Weathered rock 1,000 0.0022 0.28 5.0 25 0.5
Ground Weak rock 6,000 0.0024 0.23 11.2 335 0.5
Hard rock 36,000 0.0026 0.20 24.7 42 0.5
s " Shotcrete 150,000 As =20 em®, 1=666.7 cm*
uppo
PP Concrete 260,000 Ac =40 cm? 1=5333.3 cm*
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Table 3. Comparison of measurements with numerical results in two standard sections (K =0.5)

Vault Horizontal Shotcrete comprezssive Ground
. subsidence convergence stress (kg/em’) displacement
Section (mm) (mm) Vault Side wall (mm)

Mea. Num. Mea. Num. Mea. Num. Mea. Num. Mea. Num.
104K200| 16.00 1.16 2.47 1.76 3.07 4.05 17.27 13.25 13.84 3.88
103K950 5.00 4.83 0.55 0.552 7.04 7.2 6.55 7.19 5.30 458
** Num. : Numerical results, Mea. : Measurements
olsta 2] BE FElad Al Auet AEA Cisplacement mm
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Fig. 10. Displacement vector distribution of the shotcrete
in the double lining support system (K =0.5)

Displacement

Max : 117 x 107

Fig. 11. Displacement vector distribution of the con-
crete lining in the double lining support sys-
tem (K=0.5)
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Table 4. Numerical investigation methods to prevent cracking in the vicinity of crown of the concrete lining

Item Real method Type Numerical method
Reduce the contact stiffness of Reduce the stiffness of
Contact surface d 11 bet two lini N lining interface by 90%
between side wall between two linings to ining interface by o
prevent load from (a)
shotcrete and .
L transferring to the
concrete lining it
concrete lining
Increase locally the Increase from 40 to 50 cm
thickness of side wall of the (b) for the concrete lining
concrete lining side wall
Increase locally the Increase from 40 to 50 cm
. thickness of crown of (e) for the concrete lining vault
Concrete lining ..
concrete lining
Reinforce the tension
fiber of the concrete
. . . (d) -
lining using steel wire
mesh etc.
Increase locally the Increase from 40 to 50 cm
Shotcrete thickness of side wall of the (e) for the shotcrete side wall
shotcrete
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