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A Study on the Concrete Lining Behavior due to Tunnel Deterioration

g o4 A Han, Young-Chul
A A A Jeong, Sang-Seom
Abstract

This paper studies the time-dependent behaviors of tunnel and surrounding ground due to tunnel deterioration. In the
first part, the literature on deterioration characteristics of tunnels was reviewed. In the second part, a numerical analysis
was performed to investigate the behavior of concrete lining on the typical section of Korean high-speed rail tunnel
(weathered rock) after determination of input variables related to deterioration impact. The result shows that the settlement
at the crown of tunnel and surface ground increased up to 7.0% and 30.2% of the total settlements during construction
stage, respectively, and the internal convergence reduction of 9.0 mm for concrete linings was generated within 30 years
after completion of tunnel construction. Also the loosening height increased up to 2.55 times of tunnel height within
50 years, which is higher than that of Terzaghi’s recommendation on ultimate state. Due to this process of extending
zones, it is found that additional loads were applied to concrete lining with the axial stress about 3.20~3.66 MPa,
which accelerates tunnel deterioration. Finally the quantitative design approach to evaluate time-dependent behavior of

lining and surrounding ground due to tunnel deterioration was proposed.
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Table 1. Recommendation of design life and serviceability
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Country Design life (years) Code/ Regulation
France 100 French Association of Tunnels and Underground Spaces(AFRTS)
USA 100—-150 The Federal Highway Administration (FHWA)

100 California High—Speed Rail Authority (CHSRA)

U.K 120 Bureau of Transportation Statistics (BTS), BS5400
Germany 100 German Tunnelling Committee (DAUB)

Swiss 90 Swiss Tunnelling Society (STS)—SIA 197 2004
Norway 50 Norwegian Tunnelling Society (NFF)
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Fig. 1. Ground characteristic curve (GCC) and support reaction
line (SRL) in a convergence-confinement Method (Sandrone
and Labiouse, 2010)
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Fig. 2. Results of the convergence confinement method to illustrate stress increase due to creep strain (Lenz et al., 2010)
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2008)
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Fig. 8. Lifetime of sprayed concrete under a hydraulic gradient for 10 cm thick Blindtarmen test samples (Hagelia, 2011)
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=, 3shd I35y} dhastod(sulphates corrosion, calcium
=) ool ofsty S4o] AslEA Hr.

Ak 2] sulfate attack)S AJHIE 220] 4-43](Ca(OHy))
4 AZ WA AR F(tricalcium aluminate) 2} WHg-5}od
Ettringite(hydrous calcium aluminium sulfate mineral)& &
K5t ARlehA| BAS] 22 ES HTIRItKISTEC,
2003).

oA E gt A3EdE(5= chlorides solutions,
CaCl, ¥ NaCl) A3 = 35 Calcium leaching2] ¢1219]
2 3 % olrk e e FoR Fe Awepel wat
A7)0l Bl =47} Aolsteg AEks| wekstr] o
Aot &x] 38 3 309 715 Cantons of Vaud and
Ticino®] B XA 22 HE 82 oF 50mm, At

£ 30mm REo] FAE AR wekrhs 71B0] ol

leaching

28 g=RLkEse =28 H30E M4z

(Sandrone and Labious, 2010). E3F v]j7]7}24(C0O») 2] 4
For etart APE7| = s ol A= A4
£2 QY00 Aol gk Fuerane 24 2t
2 X E] 84K Ordinary surface carbonation)2 213t &
ko] | 59mm(Jung 5, 2007) FAZ WASH 7| Z0|

L3 EQ] d3l= A7 AA sishukgo] z1
] T 9Rg I S EA Y Rl
FoE, @A ol wet G W=ttt St
o AA H7ER] YQlo] Eitsto] WAYs shekk-3-
FAREC| ofsto] a2 E BT} 3@%5}3 T 2
o] WAsHA =t o3t =24, 38h4 A3tz <l
sto] WAYsH= &4 H ] 9 F7 shoterete 0] AFY 4]
(A (D~10)2 FALSHA A8 & 4= Qlr}. 53] 2tolyd
v o] waeuto] GiAU Ajto] Q1S Aol A5k
AFE QIR A E ol &2),3k8k4] Hotol of
sto] FdstA HstAQl EAS vERE 4= St

31H Yokozeki 51(2004)0] 25} 34 ~1043 A3}

SS9 AeE #=3F A3} Calcium leachingo]]
AlE FA7F 100E7E 2o 100mm7t g%k 7]
Ao, AL Flonzaley E]'d(Sandrone and Labious,
2010)00l4 7H& & 309 HatE FAE 2ol A=
£ AFlste] ATt A 27] dSUYFAETT 45MPa
oAl 39MPaZ A3tE AL I3t A5 ZHE o:lg].x
3 F7(X,)2] A A](Mainguy and Coussy, 2000)S 4
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X;=avt (m) (©)

o7A, det K= ae AR 54 A=A F/AM
EH|we)ol wat A=, we=0.5%]1 9ol a=5.2E-4
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Aog AEE I Q= G331 EH(FDM) T2 139] (MC) 1}3]7|5& uf2 = Eastic-perfectly-plastic -3 2
FLAC 2D(Ver. 7)& o]-&3lo] &3} o2 5§99 7% 3 g2 &}a1, shotcrete W 22} 2}o|d-& Linear elastic G4
4 sasigon, AMARE] AFE Mohr-Coulomb  ZWE A 851,

5.1 oA £HH 3 X7 3 EYA|

2 Aol A siATHS e 1EEE HE #E
THH(PD-5: weathered rock)®] % 13.54m, =] 10.16m
2 sfal(Fig. 9) 3 A HIH-2 ASH WiehH 22 o
W Agiolh AMEAe Faie] Tl Auko o)
T ol g A B ae) sue Sk w3 st

P Y= g FHANES] Y92 24(e1hF Y9
yasto] x|slp] 9 A5l =2 Q1% 3fekA]
§§}7]- 3P| 2 & (Jiang 5, 2007; German guideline DS
853, 2007; CETu, 2004), Terzaghi(1946)©] =-&14}ej <]
olgiajel tipo slo] EE 21 S tan (6-+45)
TaTTEL 4 gg A= gdaro] 3.08|2 751 Fig. 107 &
= L o] grid & meshs 2H4ato] e 4S el et Et
o " SIS 91T AN W A o] ohet 271 A B4
A= “AxEd gtoly A7 els Wtk A5 (KICT,
2012)2 2F23}0] Table 2~Table 49} 70| AA s}k

10.48 m

B=13.54 m

Fig. 9. Typical section of analysis
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Table 2. Input data for ground in construction stage

T Unit Weight Cohesion Internal friction Young's modulus Poisson ratio
ype

v (kN/m?) ¢ (kN/m?) ¢ (°) Es, D (MPa) v
W.R. 21 50 32 400 0.3

Table 3. Input data for shotcrete and lining in construction stage

i Unit Weight Thickness Young's modulus | 2nd Moment Inertia
Materials Type 3 B
v (kN/m?) thk (m) Es, D (MPa) El (MPa m“/m)
Soft(green) 23 0.2 5.00E+03 4.17E-01
Shotcrete
Hard 23 0.2 1.50E+04 1.25E+00
Lining Concrete 24 0.4 2.10E+04 1.12E+02
Table 4. Input data for rockbolt
i Young's modulus Area Yield Force Bond Strength Bond Stiffness
Materials Type B 3 B
Es, D (MPa) m kN/m kN/m kN/m
Rock bolt D25 2.10E+05 5.07E-04 177 800 1.50E+07
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(B) ¥ = H4c, ¢), shotcrete U 22} 2ho|dof it
SdAHE) 0l thate] 2219 A AHAE AR
o, AHSEe] @2} o7 AN Bt 285kt
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Fig. 11. Decrease of deformation modulus (E) with time due to
degradation for ground
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523 ZAE gholde] L3k Eu

22} 2tolid o] Ash= wljH o] W= A R| of fof wh
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FHE 7IE22 HESIR: uEkA Gt whE 2ol
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i1, 3t Flonzaley tunnel(Sandrone and Labious, 2010)
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Fig. 14. Decrease of deformation modulus (E) with time due to
deterioration for shotcrete

22,000

——Yokozeki(2004)
—o—Flonzaley tunnel
—mean E(t)

20,000

18,000

Young's modulus, E(f) MPa

16,000 ; . . .
0 20 40 60 80 100

time(r), years

Fig. 15. Decrease of deformation modulus (E) with time due to
deterioration for concrete lining
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