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ABSTRACT: Concrete lining in tunnel construction is used as secondary support for downward loads when primary support
decays. The use of concrete lining varies greatly depending on the intentions of engineer and/or client. An engineer uses
much smaller deformation modulus which determines the concrete lining thickness than of a pattern 3, when supporting
patterns 4 and 5 are used in a weathered rock and soil. Considering these conditions, this study intends to suggest optimal
construction procedures through a back analysis using a computer program(MIDAS-civil). Cases of Seoul Subway System
line00 zone00 were selected to be examined for this study. The results show that it is possible to reduce the thickness of
concrete lining. When results from this study were applied to Seoul Metropolitan subway construction projects, it is expected
to bring economic benefits.
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Rock Conditions

Rock Load Hp in

Feet Remarks

1. Hard and intact

Z€ro

Sometimes spalling or popping occurs

. Hard stratified or schistose

0 to 0.5B

Light pressure

. Massive, moderately jointed

0 to 0.25B

Load may change erratically from point to point

. Moderately blocky and seamy

0.25B to 0.35(B+Ht)

No side pressure

AU T I SN B VS I N\ ]

. Very blocky and seamy

035 to 1.10(B+Ht)

Little or no side pressure

6. Completely crushed but chemically intact

1.10(B+Ht)

Considerable side pressure. Softening effect of
seepage towards bottom of tunnel.

7. Squeezing rock, moderate depth

(1.10 to 2.10)(B+Ht)

8. Squeezing rock, great depth

(2.10 to 4.50)(B+HY)

Heavy side pressure

9. Swelling rock

Up to 250 ft.
irrespective of value of (B+HLt)

Very heavy pressure

Table 2. Typical Initial Support and Lining Systems Used in the Current Practice(TRB. 2006)

Rock Rock bolts with | Rock bolts with S.t ! 1?1bs and. Cast-in- Concrete
Ground . lattice girder with
bolts wire mesh shotcrete place concrete segments
shotcrete
O O
Strong rock
O O
4 O O O
Medium Rock
O O O
O O O
Soft Rock
O O O
Soil O O O
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Table 3. Properties of each ground grade (KIM et al. 2012)

Content RMR value | Qalue | DSBRROR | LR SB[ Cormn | TR | ey
Ground grade 1 81~100 above 40 20,000~30,000 27 4,000~5,000 45 0.20
Ground grade 2 61~80 10~40 10,000~15,000 26 2,000~3,000 40 0.22
Ground grade 3 41~60 4~10 6,000~8,000 25 1,000~1,500 35 0.24
Ground grade 4 21~40 1~4 2,000~4,000 23 400~700 32 0.26
Ground grade 5 below 20 below 1 600~800 22 100~200 30 0.28

38



SIEA | Al H=

ZaEzte|d e 2

ARl B AT

Ground lavsl

h=aH

Fig. 1. rock pressure bulb after Bierbaumer (Szechy, 1973)

H}SE

[¢]

1:._]1:&] —Eﬂo] x}.&o]_b H]—sLd E]lﬂZoﬂ 1171-9_
o2 AgFEty 7PE H(plain strain 7).
AdATE AFsh] flste] Fig.

AuFO ZHE 45 +§94 Aea

Bierbaumer+
13} 2ol
ERERER T R

oMo

= v

S= Hwatan@{tanZ(45° -

2o | %

)| 5)
upz

: UPEHA|9(=tand)

D AT

DY o]

: qpure] ozt

Fof 2 ES oY AAsk=
=7 Terzaghi el w5l 2 H
o] W 9 Q Systemof oJ3F WY

WS T17k0) A AR EQRRaE
o] AFAEIAL)

Peck (1972)52 EAFEIE oA iﬂfq'za}ol
EE2)17 2] 05 %olskz HFetaL slgick o] 1
& FAgEgo|of 5% YFEo] Aggittal
7Hdstal A AAstee algskE R U 1

o

L

=

=

ol

Ol
=

EE rlo

/\;G o]

39

Foz|Eglo|y WMo olste] HAIEH= mul

sk #Ago] 9]

7D Terzaghi Hlol=s &£
Terzaghi®] o2 5= T4 Hintact rock)o]|
A B A b gEfo]l wE FEAHRQD)
£ oA 2 FE31.0m Rose (1982)7) 4313
ol= AHks At Soll whe st o, Ak
Holojx] okale] AAWAR B} ekt AHolck

HRES o] gohe

\/]‘) RMR OH:I]- oﬂ _,]-5]— H]—\:H

Bieniawski 2] YHHELFHRMR) A|AELS SHAHEE
O] AwE Aelsto] AIjkslaL, A 1979d0f 7
stk RMR B398 olgsto] gube BRek
6714 w7,

1. 94 ARo d=d=7te

2. AH|(RQD)

3. EAGHY 1+

4. BoAwe] 24

5. A5t 24

6. EAEHO] W

Unal (1983)3} Venkateswarlu (1986)+= 2 9]
§310] Alolgisiag AHgsks AN ARSItk

i) Unal®] ¥H

100— R

00 P (6)

roaf
ii) Venkateswarlu®] =+
P s = bxXyx (1.7=0.037TR+0.0002R?) X 10°MP,
(7

A7V, B,y ¢ A3

b: e

I



197 - o)A -

oA

e

th Q Systeme] 2J3+

== 9Jo] NGI (Norwegian Geotechnical Institute)
o] Barton $5(1974)2 X[5}22}e] tiee] ApelE B}
stof ohte] B3t Anel FA AY] 918
QMHERHQ System)S AN}, 14 Qo] Zhe
0.0010]14] 1,0007H4] Rj<=22lo g walen] the
Aoz AkzH

~

J,

w

SRF

X

®)

APV, RQD : FAAS, J, : Helwe] WHAS
g, e S - EeRe) AR AR
g, - Aol Akl elgk AxA
SRF : §2 7%

9 A1 F 3 WA FRQD/J)S P RS

et gozA 71| (100/0.5 ~

1020), 5 WA 3(//)S Helrolut Helwe A)

931 9 AL AR W EEEAS Ltk

A A 3,/ SREYE RS]S9 g ol

oIk Q System 2] 517], BEApole] At

7% 9 2§-8% SR ool ik i 4 itk

ol
= U=

o) o AgS S
gfjAlo] 7hsslE R 4l s]
ek ARke] =Zzko & Qs
2 A= dj1412 91 Wl (analytical elastic closed

form) 02 AAte] 7Hsaheld) B AnAfel F

1) Hoek et al., 1993. Support of underground excavation
in hard rock. pp. 38.

2) FHWA, 2009. Technical manual for design and
construction of road tunnels — civil elements

40

HRo.o

1T 0

FAEIEu %) Hock 50| 199540 Aokt x|Hhk
23] 2 Yeht glom, Hoek2 19990l E1d

=2to]| 9lof efute] walE Algleh= Sk AUt
ofgf Aoz Aokslgirk.
25~ O 1+sind
T 1+k 77 1-sind ©)
o7, P, : IFE AWSY, B, ASeL
o+ UEE USRASTE, & ¢ QO] wpRZE
2.5 X2igd zlo]d AAHY

251 EEXEIE A

7h FEARAE G4

FRAHE QUPH o8 HERAHAY R o]FoZ]
AR = LA ETL A 7] eS WS w7k A
ROl AT 3lsh= A CEH o= olE 1L
2{51A] oot Eout HQA| o]9] AW A
of kg 4= itk ST E= AlgdAlel weh At
el 7t AR REste] Aol wrgskal AfE
EAAE Lefstoiof gty EEE= ARhte] §zb
< eslEs slal, 22E-Ee] 27| 9 ARk

we} 1 7o) 9 52 2Aske] sjstES k.

W EEARAE] A
o] AL B3k wakshe ANE A
B 23 dol selspr|rh 2etshy] upel ANk
Foll ofsh AR AN Sl uet A REHES
25| ARSI Exo] Bt A|mofElS Hste]
A2 5ol Aulo] uet DR B9
AT 4 QES Aol B Au

A



SIAAN] Al FEE ZAE|EROY Y] AAAT HRE A

ole} E/= Q-systemo] 23 FEA|HufElS Al
gohe W 285 9o, QFR 0.001~1,000

WA The BUHE WS FIAK 95FOR

wjeby ZgEo], thewt 2ol Tt 4 glrk

B(EHEEAH, A4 ko))

wslo] B Hat Qglell W AmpES ANk
ok Qglel oJg AEapEe Bdo) §17)(D,)

Table 4. Characteristic of each geotechnical distribution (Seoul city geotechnical detecting manual,

¢ ESR (Ercavation Support Ratio : =2 A H.H])
(10)

1996)

Geotechnical name and characteristic

Classification guideline

Sedimentary layer (DS) This layer weaker than original strata.

Classed by unified soil
classification system

Weathered soil layer (RS) Minerals are weathered and lost the rock characteristic. Almost all joints are
filled with the secondary mineral such as clay.

N < 50blows/100 mm

Weathered rock layer (WR) Discoloration extends throughout the rock, and the rock material is partly TCR = 10%
friable. The original texture of th rock has mainly been preserver, but separation of th grains has RQD < 10%
’ > N= 50blows/100 mm
occurred. qu < 10 MPa
TCR = 30%
Soft rock layer (SR) Material can be scraped nan peeled with a knife: indentations 1/16 to 1/8 in. RQD = 10%
show in the specimen with firm blows. qu > 10 MPa
J = 200 mm
TCR = 60%
Moderate hard rock (MR) Contains joints and hair cracks, but the blocks between joints are locally RQD = 25%
grown together or so intimately interlocked. Space of joint is wide. qu = 50 MPa
J; = 600 mm
TCR = 80%
Hard rock layer (HR) Minerals are almost fresh, joint space is wide. Hand-held specimen breaks RQD = 50%
hammer end of pick under more than one blow. qu = 100 MPa
J, = 2,000 mm
TCR = 80%
Very hard rock layer (XHR) Contains neither joints and hair cracks. Fresh intact rock. Joint space is RQD = 75%
very widen. qu = 150 MPa
J; = 3,000 mm

note) N : Blows of SPT, TCR : Total core recovery, RQD : Rock quality designation, qu :

Table 5. Modified RMR of Seoul

uniaxial strength, J; : Space of joint

city’s geotechnical classification (Seoul city geotechnical detecting manual, 1996)

Seoul city geotechnical classification Modified RMR* classification
Strata N-value | TCR | RQD qu
%
lows/m) | %) | %) | opa) | R | R2 | RS | R4 RMR
. Classed by unified soil classification
Sedimentary layer -
system
Weathered soil layer <50/0.1 Classefi by‘ unified soil -
classification system
Weathered rock layer =50/0.1 =10 | <10 <10 <2 =3 =8 | =20 RMR* <33
Soft rock layer - =30 | =10 >10 <3 <3 | =10 | <25 33 <RMR* <41
Moderate hard rock layer - =60 | =25 >50 <7 <8 | =15 | =25 41 <RMR* <55
Hard rock layer - >80 | =50 =100 <12 | <13 | =20 | =30 55 <RMR* <75
Ultimate hare rock layer - >80 | =75 =150 <12 | =17 | <20 | <30 79 <RMR*

note) RMR* based on Bieniawski’s classification and summed of rock strength(R1), RQD(R2), spacing of joint(R3) and state of joint(R4)
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Table 6. Sectional displacement of construction and runs
Gontents Displacement of Displacement of Target value
dead weight measuring (Dead weight+measuring)
Weak section (STA.30k055)-under construction 1.484 mm 4.0 mm roughly 5.5 mm
Weak section (STA.30k055)-under running 0.402 mm 1.16 mm roughly 1.6 mm
Beneath of Jeoupgrung river (STA.30k220) 1.136 mm 7.0 mm roughly 8.2 mm
-under construction
Beneath of qeoungrung river (STA.30k220) 0479 mm 0.85 mm roughly 1.4 mm
-under running
Table 7. Geotechnical analysis result(STA.30K055)
Unit weight Cohesion | Friction angle D anten Poisson’s | Displacement
Content Strata 3g o g modulus X P Remark
(KN/m”) (kPa) (©) ratio (mm)
(MPa)
case 6 | \eathered 21.0 260 33 550 0.34 4.04 applied
rock
Table 8. Geotechnical analysis result(STA.30K220)
Unit weight Cohesion | Friction angle D gaen Poisson’s | Displacement
Content Strata 3g o e modulus . P Remark
(KN/mr’) (kPa) ©) ratio (mm)
(MPa)
case 4 Wef;}c‘lired 21.0 260 33 240 0.34 7.02 applied
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