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A study of tunnel concrete lining design using the ground-lining interaction

model with the interface element

Do-hak Huh™*, Hyun-Koo Moon®

Korea, Hanyang University, 222 Wangsimni-ro, Seongdong-gu, Seoul
®Korea, Hanyang University, 222 Wangsimni-ro, Seongdong-gu, Seoul

ABSTRACT: In NATM tunnel, the Ground-Lining Interaction model(GLI model) had been proposed a one of the numerical
analysis as the ground load estimation method of the concrete lining. But this model was not applied with the interface
mechanism between the ground and the support member or concrete lining. Therefor in this study, it is implemented as a
model for closer than actual states that the interface element applied to the existing GLI model. And the modified GLI
formula is proposed with the ground load estimation that is from the numerical results for each ground and rock cover
conditions. Based on the numerical results, the ground load acting on concrete lining is reduced to ave. 88~106% in case
of IV ground condition and ave. 47~57% in case of weathered soil condition comparing with the existing GLI model. It can
be anticipated that the results obtained from this study can be applied to an estimation of the ground load on the concrete
lining modeled like as real states, consistent and economical design.

Keywords: Ground-Lining interaction model, Concrete lining, Interface element, Ground load
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Fig. 1. Numerical analysis procedure of GLI methods
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Fig. 3. Tunnel section and modeling for interaction parameter analysis

Table 1. Ground properties and support's properties for parameter study

(b) Modeling for analysis

Unit weight Cohesion Friction angle Deformation Poisson ratio
(kN/m®) (MPa) (degree) modulus (MPa) (v)
Rock mass
23 0.15 34 2,000 0.27
Classification-TV '
Hard shotcrete - - - 15,000 0.18
Table 2. Interface parameters each cases for analysis
Normal Stiffness | Shear Stiffness Ks Cohesion Friction angle Bonding strength
Kn (GPa/m) (GPa/m) (MPa) (degree) (MPa)
Case 1 23.0 9.0 0.15 34 0.1~5
Case 2 23.0 9.0 0.15 25~45 result of Case 1
Case 3 23.0 9.0 0~0.15 34 result of Case 1
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Unit weight Cohesion Friction angle Deformation modulus Poisson ratio
(kN/m®) (MPa) (degree) (MPa) )
Lining Concrete 25,800 0.18
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Table 4. Interface parameters with cases for concrete lining interface analysis
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Case 1 23.0 9.0 0 0 0
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Case 3 23.0 9.0 glued glued glued
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Fig. 7. Results of lining interface parameter analysis
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(a) Tunnel section

Fig. 8. Tunnel section and modeling for analysis

20~80m

H : 10.16m

H:10.16m

7%

B :13.54m

Table 5. Properties of rock classification for analysis

(b) Modeling for analysis

Ground Classification Unit weight, Deformation Poisson ratio, Cohesion, Friction angle
condition 5 (kN/m3) Modulus (MPa) v ¢ (kPa) o (°)
1 700
5 4,000 200
3 700
7
4 v 23 3,000 0.26 200 32
5 700
5 2,000 200
7 200
3 1,000 100
9 200
10 v 22 800 0.28 100 30
11 200
12 600 100
13 90
14 400 70
15 50
16 Weathered K 90
17 eathered roc 21 300 0.30 70 32
(WR)
18 50
19 90
20 200 70
21 50
22 40
23 100 35
24 30
25 40
26 80 35
27 Weathered soil 30
28 (WS) 20 0.32 0 30
29 60 35
30 30
31 40
32 40 35
33 30
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47} G A0k fARPAL NSRS gidol
A7) Uehdek Awiad AMgol ofst AuekE 7ha
= 7] Chang et al. (005)2] ¢iolet o] Ala
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Support pattern PD-1 PD-2 PD-3 PD-4 PD-5 PD-6
RMR > 81 61~80 41~60 21~40 <20 <20
Q > 40 10~40 1~10 01~1 <01 <01
Layout
. upper/lower upper/lower upper/lower upper/lower upper/lower upper/lower
Excavation method divided divided divided divided divided divided
Advance (m) 35 25 20 15 12 1.2
50 50 100 150 200 200
Shotcrete (mm) shotcrete steel fiber steel fiber steel fiber steel fiber steel fiber
reinforced reinforced reinforced reinforced reinforced
'e(rr‘%th 40 40 40 40 50 50
Rock bolt
(SD350) long/trans
space Random 2.5/2.0 2.0/1.5 1.5/1.5 1.2/1.2 1.0/1.2
(m)
long space ) ) ) 15 12 10
Lattice (m) ' ' '
girder spec ) ) i lattice girder | lattice girder lattice girder
pec. 50%20x30 70x20x30 95x22x32
Concrete thz‘f‘:‘:qiss 300 300 300 400 400 400
linin
J rebar - - - reinforced reinforced reinforced
Auxiliary method ) ) ) if necessary, forpoling, small steel pipe reinforcement
y or large steel pipe reinforcement
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Fig. 10. Comparison modified GLI formula with other results from IV to weathered rock condition with each rock cover(H)
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Fig. 11. Comparison modified GLI formula with other results in weathered soil condition with each rock cover(H)
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