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—#— MN envelope
& Poor build deformation: Numin Mpb
O Distortion: Numin, Momax
= Secondary grouting

Bending Moment (kNm/m)

4 Duddeck and Erdmann: Nfmax,Mfmax
A Duddeck and Erdmann: Nfmin, Mfmax
s Primary grouting

2 1, Interaction DigramZ £t26t A4 oflAl

2.2 Interaction Diagram(M-N diagram)
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200mm thick section, M-N Diagram (Uhtimate lmit)
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The load on the lining is estimated
from Terzaghi's Theory as follows:
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18 4, Continuum analytical model{Duddeck & Erdmann, 1982)



1% 5ol 1) v 2} 74| Hoop Thrust(N) 2} Moment(M)
< gold e Aoy} SR o = Haghs 7HA
A EH, @4 AFHoR de 2olil 9l o] =
Duddeck&Erdmann®] 71&2] o[ siE Fol/ 48t
80 dTh Zgto) AT FASolTHEE 1 #2).

E 19 28l 218 Moment 2] ikt Hoop thrust2)
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13! 5, Plane Strain Continuum analytical modeiz} 2j0]<2] H9,
Hoo;): thrust, Moment 2Z EM(Duddeck & Erdmann,
1982

Interaction DiagramAle] plotdted 5 AlLHES] ULS
EZA YR SYEZRIET} FolA =Y ARtslEo] o3t
ULS AAE T ko & < Qi o, 5953 4
£ Hoop thrust levelo] W} 2}o]td 2] moment capacity
7} @i 22(Max hoop thrust, Max Moment)} (Min
Hoop thrust, Max moment) & 7}A] 2312 25 HES}
ook gt} Hoop thrust®] ZiZEE No + max (N_No),
#4352 No— max (N-Nojof] &Jafj Alabg <= glck,
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9} Tangential slip& &o]di} Aglk Alo}2] interaction
of thgt 18] ARE el 2SR, full bond®) H$-
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3 1. Hoop thrust, Moment, Radial displacement2| 0|=a}(Duddeck & Erdmann, 1982)
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N, = const. = ‘)+(1—K )—2(:&_ . @
¢ : = o' I—2v){(1+v) EA
1 1
o, (1-K )R o (1-K.)R g
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. . 0.5R*/EJ
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Uo = const. = -~1-——]::-“E~+-E-)}—\-R2+l
14v EJ )
4 4
o (1-K,) RY/E] : o (1-K.) RY/E]
max Upp = ot 3—2v ER 6(5—6v) 2 ER?
(1+v)(3—4v) EI 3~4v  (1+v)(3—4v) EJ
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Full second ha=b.dd/12
moment of area, lun
Effective second Ling = hint + fua X {4 / 0. of joints)?
moment of area, |ﬁng with ‘mg <t
Extrados Extrados
Chamter = 75 W, Gasket
fecess
detail .
Gasket by = bad/ 12 15(,;,“ = b;:’d/ 12
b
Where: )
b - thickness of fining Where: b; - thickness
d - unit thickness (1m) minus depth of gasket
R recess detail and depth of
Caulking caulking groove details
groove
detail T
intrados intrados
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alloF 3 AL zholid o] 2R H E(J)o|h

grek, gtolido] AAs FAE 201 joint7} Gl YA
ol dgFxEoldtal 5, AIHE g9 thuaau
HEE goldel ofF XAz dAe gk Zett
FAIgE, AA| PCCHIZHE H2 A 1HE Alojof E2}4
Q1 joint7t EAY3}7| njoll Al THE =] MA A E7F
Stiffnessi= YA Y] UF o A Hr} ZofA|A =
o, o|F nefsto] N|THE 9] 57} stiffnessE AAo|
2 gstolof FAA] glold AA7} o]Fo] A 4= gl

kel Duddeck&Erdmann®] #|QH4lef ols eholdof|
ISl momentE A4S of 2to]d o] A stiffness
()82 ARESHA HH, oo WA S = moment gk
e ddo R A Aktelo] glolde| FA7t oo
Fo B FAY A AeIe LR AR ke A
AREIRE THA @ A "ok

o Ba 2500 q‘i

=]

HIHE Ho) £7} stiffnesse] thefals Muir Weod
(1975)7} A|kEE A& 4lo] @A Bld AA AFolA g
AREE]SL QLo olF 1Y 6of Aesto] K,

Muir Woodol| 28]l Aot H o] 52412 joint9] 7H7}
47 ofst Y mofli= joint 2] EA)7}F 2tolid 9 stiffnessol
Aeke 2] a1, A|ZIHE 39 £7} stiffnessy joint
Azof whet 254 FejE Aagivhs 727 stollA
A g=4olc},

0] & Lombl AlTTHEAC|S] SEARE, 2to]d ¥
A jointHoA| A2l 7]tzHbirds mouthing angle) A&
of whet FA Hgsl7] wf2ol|, ofH AAAE LingdAFEA]
Lw® 50%E, AH dAAE [unE 09 M8l 5
7)ot shxtulcy Ao A-gsh= TR Ao
Aolatn, o2 Qlaf [iumAlte] & & 4= Sl YR
& 2710l k4 of#lgol vk 2 7] jointof A
o] Hdj HEHE 71202 AP LamdhE A7HRCY
Aol ZIsHA|71E BlRiTh

oiek, 2% o) 2708 AHEY LandhE AHE T BS
o= 2ol WA E= moment?] gho](I=091 ¢ &

) AdAe R 24 AL doe dE 95 F
A)l7] Bletd, 1% 60 Bl Luwgte]l AZHE F¢



stiffness 2 AASR=H) QlojA g4} AL 7Rs8F 224]0]
o0 LY 5 GOM, Lan(FE 1
o G, eoldel Al 75 ol Z3iof AAR
ol et 2 WS 4 28 Pl
ooz xuksigo] <)
thrust?} momentS AFYSH= dhgof Tigl 47 % U}i]
51, the oAl A% sl that AES |
off thefA ezt e,

AFTES {1998). The design, sizing and construction of
precast segments installed at the rear of a Tunnel Boring
Machine (TBM), Association Francaise des Travaux en
Souterrain, Paris.

Duddeck, H, and Erdmann, J, (1982), Structural design
models for tunnels, Proc. Tunnelling '82 Conf.,, IMM,
London, pp. 197-204.

Muir Wood, A M, (1975). The circular tunnel in elastic
ground, Geotechnique 25, Issue 1. Thomas Telford,
London, pp, 115~127,

Szechy, K. (1973). The Art of Tunneliing. Publishing
House of the Hungarian Academy of Sciences, Budapest,

Vol. 11, No.4



