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Abstract

This paper presents a study on the reduction of concrete lining re-bar according to the
tunnel design factors. The design of the concrete lining increases the reinforcing re-bar
according to the application of excessive load, and the economical efficiency is
reduced. In order to improve the economical efficiency of tunnel construction, rational
standards are required for the design factors of concrete lining. Therefore, this
research analyzed the characteristics and problems of the design factors applied to the
design of concrete lining. Also, the economical review of the concrete lining for design
factor application was compared with the amount of reinforcing re-bar calculated from
the section design using numerical analysis. The results show that the amount of re-bar
is varied according to the design factors. That is, the required amount for re-bar in the
tunnel concrete lining could be reduced in the design stage. The results of this study
may be useful for economic design of concrete lining in the future.

Keywords: Tunnelling, Concrete lining, Relaxation load of ground, Coefficient of
ground reaction, reinforcing rebar

P
Jfu

e 8 A A A Q] whE E A2 E 2ol Hwk Heto] et - o
o ZAE 2ol e] AAle TRt 15 g0l wet iAol S5 =, 73
APdol Eota7 Het B2 A150) AVdS 7] Slshde 2= E 2lold 9
AR sl 21491 710l Bastt. wfEhA 2 Ao s 22 E 2lold 9

Journal of Korean Tunnelling and Underground Space Association

197



Si-On Kang - Young-Duck Lim - Jeong-Ho Shin - Sang-Hwan Kim

AN 2§ == A Qo] thelol 59 2 FARE BAjelsie. EEHIARIA 2] et ET2LE 2ol ] B
X REE S S o} olel S Sol AVIE A2 HARS vwsisirt, 24 Fuje] ofstel EIIE 2ol

' 417 K] A7) Qo) 2 ol wat m @ Atedo) the Ul et o] -2 Sajol 2azlEatolde] Ao
S AN % R A0 R Uit o] 7 ATk Gk 2a2)E slode] A AAS Sl 487 242
s ol Aoz peEch

Z0} B, 2az]E Foly, Autolelsls, A, Aanz}

1.2

U E'E-S3ARI NATM E¢) Z7]0ll= 232 E gloldS YA 71502 Jafsto] 245730 cm @] 7
ZATER 2§53l oH, ZToll= AP E 2ol o] #5224 o go] QA kA YlFAR F3F A=A ]
Aot 755 St = Skl it webA A2 E glold2 215, ARto|ehels, XHRret, 2=k 5 o
2] 714] 552 1125ke] A oJ 2] 11 JthKim et al., 2010).

Bd ZE glo|id AA Alof] A-85l= efFtoletstaat ZHR-pete] 271, FE| W APgRE o] AR e wh
gt thoFslA| 28511 9l Zo] dAo|thChun and Sin, 2000). 27] 238 E 2oy o] 747124 Mpad o] 2

AL E glo|d FAE 30 em oV & AAIsto] A= o 227 Mpa o] e =2 ST Ftel e 5kl 2]

3 FA7E40 cm oo = A - Al F|AL QLo ™, 2[5 99410 A% 60 cm®] FAE AlEEH A= Qe
(Kim et al., 2015).
o] 24| 0 & =2to] ot AHIslE-2- o|n] 12k 2| HA7} A 2[Skal 17| wiizof] 214 © & 24} eteo|dofl= B

ol¢tol5o] 28514 F=tHPark et al., 2013). L&} X|Ht2 0] Golsir | £ 2| E 0] BA] S oJ5] 12}
A EA7} 2K 5 A 7395 dleste] EYE 2ol A Al A]Hto|ekels- #-85te] AdAStolof
2H}(Chun and Sin, 2001). 12 719 o]¢tsls AFY HHH2 ola-2 TtsHA 4Hdolk= A o= o34 gle
™(Kim et al., 2013), “1of| w2t EE 7 o] MotsHA| AP = Al e WaEstal Qlok. dH 7do] Sofdel ot
2} ZA Y E glo|y o] oFg-2> F7ISHA|RE T1of| whet A o] EolE A Hrh

2JoFE o] AlgHI 8- AR At B'E SAMS AEEE0] 25%E Ed tha o= 2 Hl&-& ARk 9]
om B, A|Hg B AR 72 TthelRt ST AR 0 & Bl A | Aol st R, Bl Al
O AAV-E X717 SloliM= 2 E 2old o] Aol A-8E= AR ] tisf =14l 71 AX7F

A 2 Aol 1P Sfol g] A B Sioled e A71e] T A - adel] 91
A A g = AR tis] 24 S}, ek 2 E eolidel) AA AEFE S A gslel £AHL 5
==

o, T AAIS To AP A BARRS vl Ao 2 A4 QI H-8of mhE AV HEE

198 Journal of Korean Tunnelling and Underground Space Association



A studly on the reduction of concrete lining re-bar according to the tunnel design factors

2, B4 232|E 2to|'d 2 Azt

21702

FIe|E elolgo] AARGE FPER olstul, Fufe] A9 AV IE At FEAzA] Foh
7152 BGSHEE o] Qlo] A A Ay 7RsT Tt 5150 thel sHEawhe Teiste] At gl
iz 0 7 ZI|E ol o] MAR AlolglelE, 54, 25 515 B A254 52 Mefstol St 5t
o] 2.go] 37} 245 A= 2ol o] ehAe] Z71tAat o] Wt BeiAlel 1 BT 1] Z71elo)
7o) s ik, nteb £ Aol EARE etolid gt ZA1Y SRS St Sl 72 A g
A QAo Bste] 54 B BARS BAskck

2.2 AE0[251S

ol A Ol 13} A A E ] PR 59t S5 A|Hjee Ak EaelEelold
ol v 75 ATt THE 2R olele] s5o] 2Rg A 91 4
SPEQ) R4 02 Qs 14 AMAE AR S Y F9-E delsle] olgelES Tefsty glovt -
SRl At ol 21515 Aol it A 71 24 ik At
al., 2013).

Table 1. Estimation of relaxed rock loads

Classification Calculation theory

=aX HX

Bierbdumer (1913) Droor =@ Y
Low ground level : o =1

2 —
H<5B:a=1— tag@x tan (45(4 ¢/2)/X)H
Theoretical method 4 o X e (16 —3/2
Terzaghi’s method (1946) H>5B: a=tan"(45—&/2)
P = ﬂ(l _ G*KT‘ZH/B)tan@)

roof 2K>< tan@

B=2x[(b/2)+m < tan(45—&/2)]

Terzaghi’s rock load classification Prooy =02~ 0.6(B+ H,)
X b [1
Unal (1983) Proot = w
Empirical method J 23 Doy = [ } (% 10%kPa)
Barton et al. (1974) 1oL
2072° 3 )
‘]n <3 pr'ouf = T(X 10 kP(L)
Numerical analysis method Ground Lining Interaction (G.L.I)
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Fig. 2. Terzaghi’s rock road classification

Table 2. Terzaghi’s rock load classification (Rose, 1982)

Rock condition RQD Rock load Hp ft (m) Remarks

| Hard and intact 95-100| 0 ](:(i;ir;slining required only if spalling or popping
2. Hard stratified or schistose 90~99 | 0~0.5B Light support, mainly for protection against spalls
3. Massive, moderately jointed 85~95 | 0~0.25B Load may change erratically from point to point
4. Moderately blocky and seamy 75~85 | 0.25B~0.20(B+Ht) No sode pressure

5. Very blocky and seamy 30~75 | (0.20~0.60)(B+Ht) Little or no side pressure

6. Completely crushed and Considerable side pressure

3~30 | (0.6~1.10)(B+Ht)

chemically intact Softening effect of seepage towards requires either

continuous support for lower ends of rebs or

6a. Sand and gravel 0~3 (1.10~1.40)(B+HY) circular ribs

7. Squeezing rock, moderate depth NA (1.10~2.10)(B+Ht) Heavy sider pressure invert struts required

8. Squeezing rock, great depth NA (2.10~4.50)(B+Ht) Circular ribs are recommended
Up~250 ft (75 m) . . .
9. Swelling rock NA Irrespective of value Circular ride are requird

In extreme cases use yielding support

of (B+H)
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Fig. 3. Numerical analysis procedure of GLI model (Chang et al., 2010)
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Fig. 4. Reaction ground curve of GLI model (Seo et al., 2002)
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Fig. 5. Water pressure effect by tunnel types
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Table 3. Coefficient of ground reaction

Classification Wolfer’s formula AFTES’s fomula
Equation K,zﬁL K,:LL
R S (1+v)R
Relevant evidence Duddeck’s model Elastic theory
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o]

1 SR A2 Fig. 69 Ztt
Case+= Table 52} Ztt. iAo

O] 7% 50 cm=z 7ot o™ TAE:

Table 49} 203, 7] 914j<]] st oA

=~

Tunnel
Center

10,112

(a) Section of tunnel standard

Fig. 6. Numerical analysis model

Table 4, Material parameters for ground

(b) Analysis modelling

Classification Unit weight Cohesion  |Internal friction | Elastic modulus Poisson ratio | Ground level
(kN/m?) (kPa) angle (°) (MPa)
Weathered soil 20 5 32 60 0.33 15
Weathered rock 22 50 35 250 0.30 15
Table 5. Numerical case
e . Coefficient of
Classification Foumula Residual pressure octtietent o
ground reaction
Case | Terzaghi’s rock load | Weathered soil: P = 0.6 (B+ H,)
classicication Weathered rock : P=0.4 (B+ H,)
Terzaghi’s theory BX92C ( — stang2d ) 1 Eq
Case 2 . = Rl |y B P,=—xH X =~
ase (consider C) Lroo 2K X tang Y2 t 7% Ks (1+v)R
. E
Case3 |  G.LIModel p [M} o T D)
Ttang
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Table 6. Application value of numerical analysis

Redual Coefficient of d
Classification P (kN/m?) edual prezsure oe 1(.:161’1 0 gro;m
EN/m reaction (kN/m?)
Case 1 | Terzaghi’s rock load classicication 291.48
Weathered . . .
soil Case 2 | Terzaghi Terzaghi’s theory (consider C) 207.99 50.178 9022
Case 3 | G.L.I Model 180.13
Case 1 | Terzaghi’s rock load classicication 213.84
Weathered . . .
rock Case 2 | Terzaghi Terzaghi’s theory (consider C) 181.40 50.178 37594
Case 3 | G.L.I Model 164.64

3.2 i Z}

A7 B Case'd 2514 4384 H= Fig. 77 2T Fig. 7(a)= S2HE 27101419 54| Aol Z}2}e]
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800 700
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=+ 600 ase 3 = so00 4| Pcase 3
f' 300 1 § 400 -
S 400 £
E 300 £ 300 -
= 500 | Z 200 - .
100 - 100 4
0 — 0 + T —
Crown Shoulder Wall Bottom Crown  Shoulder Wall Bottom
(a) Weathered soil (b) Weathered rock

Fig. 7. Numerical analysis result
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Fig. 8. Result of reinforcing rebar estimation
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