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Abstract

In this study, as an initial study for development of stability analysis program of a
double-deck tunnel during life cycle, a structural analysis solver based beam-spring
model for the double-deck tunnel is constructed. Effect of parameters(slab supporting
type, depth of the tunnel and ground elastic modulus) is analyzed with the beam-spring
model. The model is also compared and verified by commercial structural analysis
program. It is considered that the slab supporting type affects the integrated behavior
with segment lining and influence of intermediate slab on the stability of the tunnel
decreases as the tunnel depth increases. The relationship between the ground elastic
modulus and the effect of the intermediate slab on the segment lining needs further

investigation.
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(a) Simple support intermediate slab (b) Fixed support intermediate slab

Fig. 1. Supporting type of intermediate slab
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Fig. 2. Analysis types for segment lining
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Fig. 3. Beam-spring model for TBM segmental linings Fig. 4. Model of Beam-Spring Method (Ahmet, 2010)
(JSCE, 1996)
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Fig. 5. System stiffness matrix of Beam-Spring model for tunnel

306 Journal of Korean Tunnelling and Underground Space Association



Development of beam-spring model to analyse the stability of double-deck tunnel

Aot 2L g (Af 122])05 -Ys —(Acz+ 12]5) (A—li])cs g |
L? L L? L L
Ast 2L o 6—10 (A—E)CS —(Asz 12]0) S
L L L L L
6/ 6/
AC*+ 12]5 (A—E)CS 8lg
L? L L
12/ 67
symmetry AS*+ 7 c - A C
41
c? Ccs —¢c* —-CS
: cs §* —0S — 57
K—sprzng = K 2
] —c? —cs ¢t S @
-05 -5 CS &7
4. 82E{ge| W-AnYy DY

4.2 B2E(d Y-ATRY DEo| 22

E5HE B AP Fig. 77 At 55822 9782 15.2 m, AL E 2to|id o] F71= 450 mmo|™ A

IRE 2lolid o] £22 mE A3t ShEEE.] FARE 400 mmo] AL, FSEHEF AR He AT E
glo]id o] 9121 mdl sjAle] W olS 9o E'd o] MRS 70 2 X|AHEEe & 712190, 270°C 2| oA E

Y 392 40 7l2A=Z S shlon] holt de] WA FUT 143 mol.
ALHE o] g2 Key AITHES 25t 07lo] A THE R PAIA, 181 -8
whiol, A TRE Ao ofst Z4AIst Sike ATHE lold H77ko] A0] Al thstsle] ek

Journal of Korean Tunnelling and Underground Space Association 307



Sang-Hyun Lee - Joon-Sang An - Kyung-Nam Kang - Byung-Chan Kim - Ki-1l Song

15200 mm

START

Input parameters
(Number of beam, E, I. L,
tLR)

450 mm 14300 mm 450 mm

Element stiffness matrix composition
- Beam element
- Spring element

¥

System stiffness matrix composition
- Superposing the elements 14300 mm
- Setting type of intermediate slab

v

Force matrix composition

¥

Displacement calculation
- Inversing system stiffness matrix
- Matrix multiplication

Body force calculation

Fig. 6. Flow chart of Beam-Spring model calculation Fig. 7. Cross-section of double-deck tunnel
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Table 1. Properties of segment lining and intermediate slab

Properties
Yoome (unit weight) 26 kN/m’
E,,,. (elastic modulus) 38.82 GPa
N (number of segments) 6 EA
I (moment of inertia) 1.519 x 102 m*
L (moment of inertia of force transmission zone) 1.059 x 10 m*
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Table 2. Properties of ground

Properties
’Yg'mund (Unit We]ght) 19 kN/m3
Case 3-1 3.52 MPa
E, round
Y Case 3-2 7.04 MPa
(elastic modulus)
Case 3-3 10.56 MPa
v (Poisson’s ratio) 0.33
K, (coefficient of lateral earth pressure) 0.5
Eyround
K‘ — grouna 4
" R(+v) @
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Fig. 9. Load condition of Beam-Spring model for double-deck tunnel
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Table 3. DB Load model(Ministry of Construction and Transportation. 2010)
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Load Class Total Weight (kN) Front wheel weight (kN) Rear wheel weight (kN)
DB-24 432 24 96
DB-18 324 18 72
DB-13.5 243 13.5 54
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(a) Simple support intermediate slab (b) Fixed support intermediate slab

Fig. 10. Structural elements of intermediate slab
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Table 4. Analysis cases of beam-spring model

E,,puna (MPa) Depth (m) Supporting type of intermediate slab
case 3.52 7.04 10.56 10 20 30 Noslab Simple Fixed
1-1 O O O
1-2 O O O
1-3 O O O
O
2-1 O O O
O
O
2-2 O O O
O
O
2-3 O O O
O
O
3-1 O O O
O
O
32 O O O
O
O
3-3 O O O
O

&z EU*]EJ ‘3@-— UrE’rlﬂ—E 22 21 4= Qlth. Case 1-2, case 1-39] 7%, &S BT A]H 90 & FLof|
A 7P 2 BEUET AP S £ 4 91O, case 1 27} case 1-3H Tt X[t BRHHAET} 2R 7S SRI%H 4
Ut} o= Al THE glo| gt 2Fds] A o] UA|3}F A-5-S Sh= case 1-33 2], case 1-2+= T Z]A|H] 0]
ATHE 2ol u|xi= Fako] Ari= g 2RIt 4 Qlﬁ‘r. T4 jl-AE] 54 B2 Midas civil 2012+
n2 808 FAR 220 tiste] HElR-S stod Fig. 129 o] HIwHE =it
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~— - case l-]1 = = casel-2 e==——case -3

2

Bending moment (MN-m)

0 20 40 60 80 100 120 140 160 180
Angular coordinate from tunnel crown (o)

Fig. 11. Bending moment diagram of segment lining depending on intermediate slab supporting type
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— n

Bending moment (MN-m)
e
tn
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Angular coordinate from tunnel crown (o)

Fig. 12. Caparison between beam-spring model and Midas civil 2012+
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= - Noslab = = Simple support

Fixed support

Bending moment (MN-m)

Angular coordinate from tunnel crown (o)
(@) H=10 m (case 2-1)

— - Noslab = = Simple support

Fixed support

Bending moment (MN-m)
u =

0 20 40 60 80 100 120 140 160 180
Angular coordinate from tunnel crown (o)

(b) H=20 m (case 2-2)

— - Noslab = = Simple support

Fixed support

Bending moment (MN-m)

Angular coordinate from tunnel ecrown (°)

(©) H=30 m (case 2-3)

Fig. 13. Bending moment diagram of segment lining depending on the depth of double-deck tunnel

5.3 A|HIERIA | Halof| IS FAHE HE

AT Al W-2 e Eof| A 2kt A Alpo] kS ml A=, A An A= A1

T [}

314 Journal of Korean Tunnelling and Underground Space Association



Development of beam-spring model to analyse the stability of double-deck tunnel

E glo|d o] FAdd 3} o]of] oSt 2|ghte o] TAIS Ay Stct, APt A=) S A ITHE 2to]y BAfg 2
FFS EAstarzt 2RI A= 3.52 MPa(case 3-1), 7.04 MPa(case 3-2) 2! 10.56 MPa(case
3-3)%1 Z|gto] Ak 10 me] $JA]o) E5E 2 9] Hl-A ] eSS4 51Tt, Fig. 145 Foto] Z|FEHd A7

— - Noslab = = Simple support

Fixed support

o -
h =

-0.5
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Angular coordinate from tunnel crown (°)

@) E,,0una = 3.52 MPa (case 3-1)
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Bending moment (MN-m)

Angular coordinate from tunnel crown (°)

(b) E,,una = 7.04 MPa (case 3-2)

—— « Noslab = = Simple support Fixed support

Bending moment (MN-m)

Angular coordinate from tunnel crown (o)

(@ B, puna = 10.56 MPa (case 3-3)

Fig. 14. Bending moment diagram of segment lining depending on the elastic modulus of the ground
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