J of Korean Tunn Undergr Sp Assoc 17(3)227-236(2015) elSSN: 2287-4747
http://dx.doi.org/10.9711/KTAJ.2015.17.3.227 pISSN: 2233-8292

1Y ZA0A EHE HIHE 2jo]'d FREA 0] #Tt

. XM xH

[ e

UM

=
e [= ]

oot

9|

Oklll

A study on the design of shield tunnel lining in high water pressure condition
Young-Joon Lee'*, Ki-Lim Kim', Keon-Woong Jeongl, Eui-Joon Hongl, Seon-Hong Kim', Duk-Chan Jun'

'Korea, Yooshin Engineering Co, 8, 4Gil, Yeoksam-ro, Gangnam-gu, Seoul

ABSTRACT: Inimpermeable ground, water pressure is applied due to discontinuity such as joint or fissure. Therefore, water
pressure should be considered in design regardless of ground condition. However, when the shape of segmental lining is
circular, water pressure may reduce the lining member force, so it is important to define the assumption and the concept of
design in case of high water pressure. This paper presents the concepts of design of the lining of shield tunnel at high water
pressure and in impermeable ground condition. In addition, the member forces in various load conditions were compared
in this study. (elastic equation, closed form solutions, beam-spring model).
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Table 1. Design models for segment lining and kinds of Loads

2.2 oAy

2.2.1 Elastic equation method

Elastic equation method (ITA, 2000)+= A|1HE
sjolido] RAjele Axtels 7 HOE Fig.
1-& Elastic equation methodo]] Z-8&= 3152 Kol
F AFSES( pess Gers Geo)=> Terzaghi 0124 55

Loads Elastic equation Closedv form T sty ekl F.in%'te e?ement /
method solutions Finite difference
Lining Self-weight v - v Y
Earth Pressure v N v v
?2215 Water pressure S v S \/
Surcharge S v S \
Subgrade Reaction S v S \/
Earthquake - - v N
Combination | Effects of adjacent tunnels - - v N
Load Effects of settlement - - \ V
Other loads - - v v
pe : Vertical earth pressure
{Water pressure Dwi T )
JEarth pressure De1 pw : Vertical water pressure
Ouy Get Ugt Gwn ge : Horizontal earth pressure
qw : Horizontal water pressure
Pk g pe : Lining self weight
§ ° px : Subgrade reaction
3 H : Overburden
G G Gz w2 D : Diameter of lining
g:; R. : Radius of controid of segment

Fig. 1. Loads condition of Elastic equation method
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Table 2. Elastic equations to calculate member forces

2.2.2 Closed form solutions

Duddeck and Erdmann (1982)0] A|Q13t Wl o =2
et At s xrg0] Hrke Bo et W)
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o (r,0) = %'yH(H—KO) +é7H(1 — K)cos(20)
oy(r,0) = %7H(1+KO) - %v[{(l —K,)cos(20) (2)

Duddeck and Erdmann analysis+ 2%}3F0]
of wisE PAjskRL Theslelgon e

Load Moment Axial Force Shear Force
1 . . .
De1 T D1 | M= 2(1725“"129)(]%1 + Dy )Rf N=(p., + P )RL-,'Slnze Q=(p,, +Pu‘1)Rn'Sln9'COSQ
1 . .
Q1 t Q| M= Z(l 2008°0)(q,, + 4,1 ) B N=(g,, +q,,) R, cos’0 Q= (g, +q,, )R- sind- cost
M= i(6 3cosf — 1200826 1 Q= i(sinf)+85iné‘-cosé‘
Gea T Quo 48 N= 1—6(c059+800529*4cos39) 16
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4 ™
< i KB
0<0< 1 <6< 4 0<0< 1
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K K << — Top< ™
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s
<< -
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TR+ Ky cos (8) — Ty R~ Ey)cos (36)

on= Kooy

(a) Loads condition of Duddeck and Erdmann model

00(r8) = 5y HO+ K) = 5 H( ~ K ) cos (20)

ivRﬁ+3K@am@)+%73H—A@am89)(Q

2.2.3 Beam spring model
Beam spring model®] 52 A1} A3 S Fig.
3] mABlIck QubHoR o] AAmYe etol

%, AskEt A4t 58 ERk are skl
ShEREls At 4= ol ol ik o Al
deflection or axial bending
force moment

deflected
shape

(b) Stress field, deflection and member forces

Fig. 2. Duddeck and Erdmann model

H

Earth pressure | Det |

D

(a) Loads condition of Beam spring model

(b) Spring force

Fig. 3. Beam spring model
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23t 4 Ik ok AIIHE Folde] o] gt %)
T= §]7§j/\3 © 2, 2-ring beam model (Japanese
Society of Civil Engineers, 2006, 2010){|4 =z}

o AdamgoR WA 4= glof WAl Ast
< efelel el W o AaKe A

HA ol
H1ou

water level

Hw

surcharge, Do

bed IR
Water pressure| 900 kN/~ for Case 1
T 300 KN/« for Case 2

o e
Earthpressure{  §
370 KN/ for Case 2

(a) Ground and load condition for analysis

293 T ol ge] gixe] M Ao WatE
zHete] ol&o] 4G nrh Y w4
oiet.

3. M|2HE =2jol'd9] sjxZ a1} vlw

3.1 BAxXA

Fig. 49} o] 8712] AITHE 9l key AlTIHER
T3 27 99 me| AITIRE ol Hiet HEE

(b) Cross-section for analysis

Fig. 4. Ground and load condition and Segmental lining cross-section for analysis

Table 3. Summary of lining and ground properties and symbols

Material symbol Unit Case 1 Case 2

Thickness t m 0.5 0.5

Segrr.lental Outside Diameter D m 9.9 9.9

lining

Young's Modulus E. MPa 37,000 37,000

Overburden H m 30 30

Water Level(to Ground Level) H, m 60 60

Surcharge Py KN/m’ 0 600

Ground Vertical Earth Pressure P, KN/m’ 98 370
Condition Unit weight Yy KN/m® 18 18
Poissons Ratio - 0.3 0.3

Lateral Pressure Coefficient Ky - 0.5 0.5

Elastic modulus E; MPa 100 100
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Fig. 5. Comparison of bending moment - Case 1
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Fig. 6. Comparison of bending moment -
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Case Elastic equation Duddeck and Erdmann Beam spring
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} A DuddeckandErdmann: case 1 A Duddeckand Erdmann: case 2
I
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Fig. 7. Moment-Thrust interaction curve
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Table 5. Load condition and subgrade reaction under high water pressure

Item Stage 1 Stage 2 Stage 3-1 Stage 3-2
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N /; \\\
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4 AN /
= N~ N //
Ky == e | \ e L
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} } : A 3/2Pw
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£ I I 1
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Fig. 8. Member forces of various water pressure
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