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1. Qe

| FUof| A= TBME 0]t 7| ASH Algo] B3]
A= gi71ell, = Hd71eAEo] 4= TBME AA
shedl 2golunl =&o] HCH shof 39 PCC
(Precast Concrete) A|JITHE gto|yd AAMEIH| dis) 2
3lof AA 27skn e o TolA oAkl
o3l afstarzt gk

* Grout Loading®l] thgt Y HE
+ Ovalization(squat)o]] i3t A&
* Ram Loading]] ti3t ¢4 HE
+ Segment Joint 34| (bursting)

* Handling & Stacking

2. Grout Loading®jl CjjSt oryHE

PCC AIZTRIE 2to]'d-2 = TBM oA 27

L e "1"1

& AR AFE7] Qo] AFHAEE PCCHIAE 2
ool G 3159 FH/A7I7t e FaFE
go|J = dj$- Aollct, 1 F PCCHIHE o9
Ao loix B oz HEE|oJoF 5= B 71| YA
31250l 9=, tEAQ Ao] Grout Load?} Ram
Loado|t} o] & & Ao X interaction diagramo] 2
3t YA EFE] SFEH= Grout Loado] et A
311, Ram Loado] T3t A2 segment jointdAo)
A AEHES S

AIHE Ag F +3=e 21ep99E A Primary
Grouting¥} Secondary Grouting 22 TLHE 4= 9lon
PCC NZHE gloly A A Zztoll dizt A& AlRAL
2 o3 gt

2.1 Primary Grouting

PCCA|ITHE glo|igo] 4= TBM YRolx 2H=H
U, tail skin ERES B34 Auk2abdd AaHE



Zholid Ate] o F7+& Juk9-d 1A Hr}. o1& Primary
Grouting®|2t1 221 Primary Groutmg—J zZx B3
< HEIAo g ek AgHs/ HEE 43 ok AT
SAOl, At} eold o] HEH S ?M\ﬂ stof Ako g
RE AYHe 35E glold Wl sk EEA7|E
2 8k Aol

Primary Grouting PCOHZIHE gfo]ydo] 4= TBM
4 TN 28 AF tail sking A FYE)
dizof, Agte] oJgt slgo] glodel HEE7| o]Fof

SHHCE AeHe shgon yPstel AAske Ao)

Bl

Primary Grouting2 Zho|d HA| FH{perimeter)S
uhel At A E AHgsAl 2R Primary Grouting®]
oJ3) Sjolidof WA= HHE: 0124 02 84 0(zero)

o} Wt} &, Primary Grouting 3150] )3t glolyd ¢H4
HE Nolle, T1ehpg R Qi) HAEE ol Fe]
hoop thrust(Y=5E)7} gfold ZA2|ES] ULSAAYS
=S HoluA] F=E sk Aol & 4= 93l

Primary Grouting®] €3] glojyde] HA%E hoop
thrust level:S oA &ollk] 2713t Duddeck & Erdmann
o) oled) FAL Featel A 2 5 UL, ol %S
interaction diagramAfoll 71214 HH, &4 interaction
diagram®] Y&A4to] solA H=ul(ZHET} 0(zero)o]
o), o] H(point)©| interaction diagram F2HAl Yl
of o)A HH ULS AAE vi&EsHA Hr},

AAE 9J8t Primary Grouting 3152] S E451A
olopr] B7]= of2}t, TBM A|¢o] of2] AA=A] ok
Aot 33/ TBM specificationo]] £745}7] Xﬂ*lﬂ‘ﬂ %“
3'11 3 710l Sl At @Ay + 1

ar' & A 27gko 2 B85 A4 et gls Ao ]‘:}

2.2 Secondary Grouting

Primary Grouting

ojFo SIS SR o

gloly wiw -2Eo| 3 TBM back—up traino| £
5| 238t Holl Secondary GroutingS 83to] vliH
T2 oA =Het thA] D3, Secondary Grouting©)
FEl AL ANk slFo] Zoldof AgE olgw}
1 B £ 9jt) o|AH, Secondary Grouting2 Al 5}
Fol efojgo]] AeH o|Fof| RHA O T FE7] white],
AA ) b)) A8sl= xJukslEol] 5712492 Secondary
Grouting 3}5-& YZ0] =355 gz n1Esled goly
of QM2 HESo{of Tt

Secondary Grouting®) &3 sl =l 34| Agiut
ot o wag LR ¢ glon, SHAQ ke
o138} 2ol'd 9] punching shear® )&= wf§- =F @4
2 oA glon AIWE 3199 radial jointH-E wh
2} JhASE 2> Q= shear failure@A] df$ SR &AFo
2 o)—,—:-;] 7:} olq

Secondary Groutingol] 28t 258152 2042 hoop
thrustoli= 2 Fa& w4 gou, efoligde] F7b2Ql
SHEE YA A B2 Secondary Grouting® Jgt
Hoop Thrust — Moment ¥21E7} interaction diagram®]
2ebal Yol AR|ER=A] AAA A B91E e rf ik

Secondary Grouting®] &3l glo|ge| s7xez
sl BB 7hdst AHaha] gygalof s ALt
8pAY, beam—spring modelS &8 af A4 4= 3lr}.

3}AJ4k Secondary Grouting® &J3t 9482 1ak9E
F 5 gholdell o) A7t HAEd F42 08 Aof

l‘-{l:‘

7} 7Rt shgol i AATA M= gtold HiHe] EE
WAL &35l 57| g, Secondary Grouting©]]

gt HE Aike elold ] FA/ATHE AAske dE
7] Brhe A3 A7 AR Gisk)ol dieh A
HEFE 7Pk, HE 23 tigt AARL] 71e4
Ql moro] F a3t HAHER=ROIZIL & 4 ik,
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7|1&7|Ak
PCC Segment Lining2] AA|ID)

3. 20I'99 | Higo| gt oF
(Distortion Induced Loading)

HF PCC A|TLHE 2ol ido] ul5H| 3158 A =
H 2HES oo FEAIA HiL o] RHEE gjo]
3< EHA(Ova) FENR HHA|7|A] Hrt (Fhef o] ige)
EAE ¢lo] hoop thrust¥h EAJFITHA 2ho|id-& ¥

o] YT U Aolrk)

2oz, By PHE HUFEAAS 95 4
Yo oulg 2 W)L Solde] mulEe} A7
o ABVAZ 7T 97) o], Elde] WMo Yt
A g AP AR BEY 5 lcke A
F-ZA Lok o9 A o Z FHI 4~ 9l2-L oujsic)

o1 93, Ede) WERRE M (squat) B
o8 X513} g gk ovalizationo|2tal A oJste] AR
oA 2] ARgste, ofofl tigt g 27 14 Rt}

Morgan(1961)&. 4% Ele] folde] s mHlE
o} WPAREe) WSl(squat)ll it AATA °)2
4 131 2] ATt

M

omax (1)

= 3u
max ’I"2

L_

auiz o2 oA 9= Y3 gy i3t ovalization

HeRghE & 10 AAARE +EFGCE (F 1A RS
2 242t 1} ol AHSRE)

B A4 ARl FAA0R HYRAAETA)
7FH U B892 00%2 Mg A & JA=F AA = ojof
B 7]&E Design Standardol] AA[SH= Ao] BE
oltt, Bd &34k AR AE Bl WMol ¢t
o, E¢old, Aefe] L2 siFold Aol A
5o 7220 et 153 WY WAL AR AY

o2k & 4 9.

Diameter, D=2r

Lining before deformation (E,|
o g (E,h

. Lining after deformation (E,)

Radial displacement, Umax

’ ‘Ovalization =Umax/ ¥ = 2Umx/ D

22! 1. Ovalization2] &9f

I 1. AE EAEH0] i YYNQI ovalization MLI(BTS, 2004)

Stiff to hard clays, overconsolidation ratio > 2.5-3.0
Soft clays or silts, overconsolidation ratio < 2.5-3.0

Dense or cohesive sands, most residual soils
Loose sands

0.15-0.40%
0.25-0.75%
0.05—-0.25%
0.10—0.30%

4 2 E‘}V}_



AIHE glo]y A A] ovalization limit7} 2to|d 2
T, B 5& A%k 4449 99108 AEske=
AL} vinskA WAy wiiel ovalization limitghe
Ed AfAHRA) ek Fojof 95| edtrEe B4
4 AN BERXof g2 HAZ/ghe] 4 02 AA x| ofof 3}

£ groleh AA9) A8ElE= ovalization 3 HHHL
g ofopy) 3}7‘ o BEAR O PCC AIHE

2ol o] A9- 0.5%~1.0%%919 3he& Yutdos A4
of A&sl= o] Yurdolrt, d #2, PCC AIIHE
oldog /\H_)'— %519 CTRL(Channel Tunnel Rail
Link) 9] A% 1%2] ovalizationd]| 29 = QYEE A1H
E 3}01‘6‘% AR Aow O}B?W ek,

AAZQ) Abel] 9L Froizl A o setro of

3 At so A ,_} Duddeck & Erdmann®] o|Za}o]
olef A L &4 hoop thrustE AARE ol Morgan
o) FAE &a3le] AA E3F ovalizationd] H-83h=
RWES Al interaction diagramo]| 1B}
{plot) XA o2 HAAE Hiksl= Aol Yyt
A Aol

4. Segment Jointoj 3t HE

PCC H|ZHE 2lo]'d2 &
HE Ha-E oA 2Ee] tizol, Als g F

3 &
2o R A Jﬁ Atojol] joint7} A 4= Hhofl {1
2, ofelet B402 ol sl 1, ol 2 5
9] EAI= Segmemt J01nt°ﬂ/\1 e Ao oo

&, PCC AIHE gold2 o] daetd 2AE
2ho]d-& MA|8HA) ok PCCEAE golyd 7} o
FAEAR AMgEE 2lo] 3 0)7) me] AmE
2ol joint7} Al BH/ W% TRA LT SAER ¢
52 MAsl: AL oS- 2Q5)

Segment joint2] FFAQ A= joint HFH F4

{convex—convex, convex—concave, plane contact, bossed
=), BE &4 v (curved bolt, straight bolt,
inclined bolt, plastic dowel, no bolt 5), W< gasket
Al So| z8kzA, TBM B4, Eldel AMg 5 St
3 Batz oz s Elofof 617] o] joint A X
T ARRS Qs 3] AwAte] A7l ofetgol
ok,

ojof of7]ofl Al segment joint®] F2A2A A A
g 2 71 29810kl 8 4 9l joint burstings 54
O & joint A B AR AR sHAlt

plane

4.1 Joint Bursting0fl LHSt O}=X HiA

o

HZHE joint 9] 24 Q) AAE S8l AFolAl g
AEE T Qe o]BL ZIYAEHAE Hl(prestressed
beam)®] end block®] tJ8F bursting TH o]&EEo|t,

o), AIHE glo]d2 BAH R jointo] A 2] &
Hajo] AlIHE Folte] £A 2ot 7] giEeld|, 11
¥ 20 Bl ‘:‘}9} Zo], & d, FA bl 22 E Aad
E jointo] Z athE9) 3HYE 7ol 5l5 Vb 287t
thal 7pYs, jointEHORRE Q] Z)o] x7} F7FstH
A FE3Ee I 29) 71y BA R Kl viel o
BARA ek, 7ol x=dQl YR AR
S0l A NIHE Z qof W3 53 BAtEE A
o2 74AsH) B, 24E x<d?] G904 453t
Zo] BAE A ZAUEQL Yol Sl WE
rlis ‘x%o]d('

a8 29] 7hed] 39S thA] BH, Y50l 1~6
line—f—_’.: whe} EAE| WA} Poisson’s ratiod] thg-8k= T

W= SHER Bk & WAPAF|AL, of W9 u,

2 2321 gAud IS He)S TAAIA .
o] QRgo] EAEL] A & % g st
A H9 gEgeo] AutEr] g F9(ad 29 1t
64 line®] v}Z )9 F3E E‘%O oA YA

1
t rE

e afe

_EL
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PCC Segment Lining®} A1)

\

H
. /H
1 2
g Z
! A 3
24
4 s
7
7 5
L.
z Ozed=75°%

8 2. End block loading0l] 28t 2iE22] BA 5 OIEHNHY u, WA JEE(Leonhardt, 1964)

fransrerse fension Oy

Fransverse compresseen

O3 3. End block loading0lf 2igt 215228 B5(] eonhardt, 1964)

=4 o]& BEAA O R bursting failureghil B Ex}

End block loadingol] 2J8] Z3g]Eo] sl QA
o] 27k joint BHOZHE Q] Zo) xo wpet A ¥
shat=dl], ofof ofdt d¥HAQl MYEE 19 3o E
th, 39 3994 & 5= Sl= et Zol A JsEHe
joint EHol oftjet M ITHE WFolA HAHH= e
& 4= 3tk Segment joint®] T2 HAA] jointel thgt
AT i AAe Fd e EA ARE st
bursting stresso] )&l 85 <14 A3telL 2B A
Asforgict,

Bursting stressol] tigh Zd] =7] & Zojo wl&
E+ end block loading®] 2H4 ¢4 ¥ A, AavE

- q\i

T 2. Design bursting tensile force{rearranged from BS 8110-
1:1997, Table 4.7)

Yool Yo | 0.2 03 0.4 0.5
Fe/ £, | 0.23 | 023 | 0.20 | 0.17

NOTE Intermediate values may be interpolated.

v, s half the side of the end block:
Ypo 18 half the side of the loaded area;
P, s the tendon jacking force.

0.6
0.14

0.7
0.1

Circular bearing plates should be treated as square plates of
equivalent area.

o] FAlo| wzh HlsiA| =lH, olof thdt A|FARE: design
code, BEAfo] ule} A& Afolsirt,

BS codeolA Aj¢tdh= design bursting stressol ]
U8 & 29 Y,

Design code 9lof FAAoR de| 2oz o]E2
Leonhardt(1964)2F Guyon(1957)2] AJgt2jolH, Leonhardt
(1964)9} Guyon(1957)0] 2J3]] A2t= bursting stressol]
thet £ diagram 1Y 49} 50 22 B},

o] F Guyon(1957)9] A|Qt4le] AME WaEof thdt
Aolg 19 69 Ao Hrh, U#9] symbol 1f
2 PES BAR FY3 E2=o] AL coded]] whEt A
2 Agolgt symbol 2 FEHE|0] §lgol S8} it

A1HE 20|49l bursting failure of 3t &=
bursting failure”} AJIHE. jointol] A SAAREEE A
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13 4. Leonhardt(1964)7} MICKSt bursting stress &

i
Where:  a=smallest distance from CL of axial load to edge of bearing width
Zay= the distance over which the force is spread
¥ =2af2ay (also expressed as a/d)
o = applied force/total cross sectional area

3
EH

s

L
8 6. Guyon(1957)2) 44101 AKRE symbol0l] th8t Xels = p)

IHE gtoly FxBo| HiEl: g Quisids ¢k

o2 BAPR O R Serviceability Limit State(SLS) A

2 Hi= Aof dtAolct

4.2 Ram Loading0fl st ZE(Circumferential
Joint)

%

GripperE o]&5o] HIARIO 25 FAnrE e
ofUiE TBM H4& AeJgicttd, di¥ie] TBMES &
Fol 2YE= e AIHUE ringS FUNHAR AME
8}A Itk Ram LoadingS Ram®| E4-Hof B2lrlof ¢}
£ ShoeE B8 HIAHE #o]d 9] circumferential joint
Yol ARA R S5-Z A HW, AIHE ol
o Fxrt SEHA & %9, Ram loading®] &J3f

o w

2 5, Guyon(1957)0] M[2I5t bursting stress X%

bursting failure7} BHE 4= ok (A 2HE jointo] ¥
uhE Rl Aol izt Aol 1Y 7o Hitt)

Ram lcad®) #17]9} ram shoe®| 91%], hoe® WAL
g ok, A AEE bursting olEL 28310 Al
IHE joint7} Al 2% ram loadingol] 93 &R o
ZZ jointo] et F2H HAE ST 4= ik

Ram Load9) 7)== TBM type, TBM 2|74, 2kt
24, £% 5 g3z w2t tokstA Wdtsing,
MAGA A 43t Ram Loaddhs A sk A2 i
£ o™} TBMY specificationo]| 24 E]7] o}4 2] 7|
BAA oA oA FAIZRAESY Algg 27] A4
oz ggah= Aol Bgolth Ram loade I8k
o] ofUEE Load factors YABIE] &8h= 32 &
4 #8510 S, W} Ram Loadingo] eholg] 7]
£ AAshs 79 sh5o] B Aol joint F2of &

71A9) QAETS WpBR o] Lurdolut,

4.3 Hoop Thrustoil th3t ZE(Radial Joint)

HIHE H(ring)oll A== hoop thrust= A1
E9)] radial jointE F3 A3 AIHER HALEA =
=), AZHE jointoA] AIREZS] FEAR(SK
g HA)L FAH R AIHES] FAHTE A7 it
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7|1E7|Ak
PCC Segment Lining®] AA) (1)

Circumferential

Lifting point

Balt poakew

j().iri \‘”su
o B

%DQ ?

|

&
®
o

A
0 &t
9

= Ragfial joint

arsctor socket

Grout hole / Limné point

8l 7. Segment joint & S0 2l

2 8. Ram Loading0l] 2I8t Joint Failure(AFTES, 1998)

9 hoop thrustol] J$} bursting stress7} A|1HES] Q1A+
Agke Bk AxA 9 radial jointo)) bursting failure
7H A=A Heh

2 7P d] AREEE jointe] FE= plane contact
el & 4= 9Jed|, o] 9 gasket groove$} caulking
grooveZ A% Aol jointo] & FEWHo] Hrt
Gasket Groove®} Caulking Groove?] #jlo] AR =],
Duddeck & Erdmann®] o]Esfjo]] &Ja] 1Ml X Hoop
thrustghE AL IThH o] 4o] A3t burstingo| 2] 2J3)
radial jointo]] et 22U FHHES 3T + Sl

1Y 2 q\z

it H&modified from BTS, 2004)

Radial jointo]) thdt SFAAEA| 3714 5ol Folok
& A2 ATHEY 3R QY AIHES AlFeA)t
£ AAF L2 radial jointd] YEHAHE F2A7)7] 0
Boll, 3 ZRAEA 3§33k MIUES] AlFA}
£ 1efste] A2 joint FF HAZ AL radial
jointo]l THZk bursting QPYHAEE 8sH= Zlo] ddHy
ojch,

5. Erecting, StackingPj Ljjot HE

A IHEZ} AlFerecting), HA(stacking)Fol &4
EcH, g AlTHEE S5 42 A THER 4
A A 5= 7] dZol, A1HE fojd e x5t AF
(erecting), AA(stacking)ol] Tidl IHFE= ULS &
£ SLS AR ®rle Pt

SEAGE, A ZHE zZto]d-2 Gels #u ofz} 4
[NE/BAF B 5 e YA it S&
gt P2 SFE 7HAIL Qlojof 817] digoll, 2KH/A]
+/A8AF DA szl tigt IBHEZL A IHE HA
oA =g x]ofof et



©

] ] Poor stacking
:.:.::.‘::l%
::::::.:ﬁé
i
ot meusenm— —
—ed B
Stacking of units Stacking of units Stacking of units Btacking of units
on sides on backs on fronts on backs showing
other straps or

chains for lifting

21 9. Segment stacking®| EE{BTS, 2004)

AZHES] Ao gt TS HIHES] FA
HpAlo]| whel AL At ko] x| ok Al aHE
AR AL AR 2R (work site) @] @A ARl wh
et AR A =], S5 (side stacking) 2} A (back
stacking)7} 7P dibdolkal & 4 I3+ 9).

HATHE ZAof tet A AAEE BAK o2 AlaHE
o} 7] AAjge] 274 o]7) wiite] NIHE olds
2A A0l ofsl A== HeE g 7}ste] A A 7}
S AHE M-S HESA AN ringS 74
Sk AIIHIESC] 34 188 ARjE]olof gitt)

AITRES] erecting®] g QHEE TBMUIE-2)
segment erector WAlo] whal AliEARg o] EEiX|A H
t}, F o= vacuum erector7t LRI 02 AREE7| of
ol AZTHET} erectingZol] £4EE A9 28|
Bk A ZIHMEZ} erector socket®) 2J3)] handling®l&= 4
Loll= A|IHE erector socketo] A IHEQ] A=2of o]
3 A/ aSol dal] 3] Ad 4 J=E A=
of gitt,

A IHES] erectingo] et FIAREAO=, AJZLH
Eo] ZRLEL impact loading, erecting%9] AIHE
49 5 4 o) UE SEEE 19
ol BTS(2004)0l4= 24 A e
308 H8T A4S WD

o4

o 23lo) A pCC AITUE eholde] gt
A AFRE 27 sl #5 Wigol 22l A
off gg=lo] 2ol PCC HTHE tolide] Aol i
AIEARE ARE A7) o) =R EEEY)E offA
7, PCC A1 RIER Y 9] 247 7S |85k
2goluht o] Hglow g

Mo

)
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