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Limit states design for tunnels: related researches and present state of application
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ABSTRACT: The representative Limit State Design(LSD) codes, AASHTO LRFD and Eurocodes, are widely being applied
when designing civil structures. However, these codes are only applying tunnel lining design and segments design for shield
tunnels. Recently in Europe, the Eurocode 7 committee was trying to create a research group called EG12, but they
reluctantly decided not to create EG12 since it could have an impact on some of the other Eurocodes(including Eerocodes
2 and 3). Still there is an effort to continue researching LSD for tunnelling. LSD method will become the norm for the field
of civil structural design in the near future. Therefore, it is important to fully understand Eurocode7:Geotechnical design
in connection with Eurocode 2 and Eurocode 3. In addition, it is essential to follow international research trends and also
to research for application to tunnelling.
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Fig. 1. Approaches to address level of safety needs in design

Table 1. Considering limit state of the each design code

Design code Serviceability limit State Strength limit state Ultimate limit state
ACI, AASHTO © © x (A)
Eurocode © X (A) ©
JSCE ©) O O
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Table 2. Properties of the Tunnel structure
. Strength Elastic modulus Unit weight
VRIS (MPa) (MPa) (KN/m’)
Concrete 24 25,800 25.0
Steel 300 200,000 -
Table 3. Properties of the Ground
Variables Unit weight Elastic modulus Cohesion Friction angle Poisson’s ratio
3 o
(kN/m) (MPa) (kPa) © (v)
Weathered Soil 19.0 50.0 20.0 31 0.34
Table 4. Partial factors of limit state
Variables Ultimate limit state Strength limit state
Concrete 7. 1.30 1.00
Material factor
v, Steel reinforcement
m 1.00 1.00
Vs
Dead load 1.05 1.00
Vertical 1.20
Load factor Earth pressure 1.00
~y Horizontal 1.00
!
Water pressure 1.10 1.00
Other Loads 1.10 1.00
Structure analysis factor -y, 1.00 1.00
Member factor Bending L15 1.00
T Compressive 1.30 1.00
Structure factor ~; 1.00 1.00

Table 5. Member forces in relation with each design case

Parts of Moment (kN-m) Axial force (kN) Shear force (kN)

the Lining LSD UsD LSD UsD LSD UsD
Arch 387.83 421.17 1641.16 1482.59 286.77 271.15
Wall 431.30 477.89 1744.11 1579.30 367.51 353.95
Invert 880.87 967.2 565.58 490.10 1124.49 1042.74
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Member .. . . .
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Fig. 4. Results of structural analysis of the tunnel lining
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Table 6. Reinforcement of the tunnel lining with the design

cases

o Ultimate strength design (USD) Limit state design (LSD)
Parts of the Lining main steel shear steel main steel shear steel
Arch D25@125 DI3@300 D22@125 DI3@300
Wall D25@125 D13@300 D22@125 D13@300
Invert D29@125 D13@150 D25@125 D13@150
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