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Reaction frame

(Segmental Lining)

L (Elastic Method)
(ElasticTheory)
(Deformation) Spring line Crown
Empirical Approach Einstein Method 1 AM. Muir
Wood Method, Morgan Method

2. (Approximate Method)
Japan Sewage Association (2001)
5
3. (Finite Element Method)

Einstein  Method
AM.Muir Wood Method JSCE Method
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L (

)
2
3
(Cast-Iron) (Reinforce concrete)
2.2
2
2.2
1. Primary Lining (Tall)
(segment)

2. Secondary Lining
Primary Lining

Secondary  Lining

21

21



segment

*  Normal segment ()
o Key segment (K

(
* Adjoining segment (A)
Key segment

Adjoining segment 2 2.2

2.2

Segment

21

Segment material ~ Segment type
Reinforced Box type

Concrete segment Plate type

Cast iron segment Box type

0=10m
50-60 cm
45-55 ¢m
35-40 ¢m

Primary Lining

Key segment

segment 3

Key segment 1

21

0=7

30-40 cm
30-35 ¢cm
25-30 cm

p=4m

10-20 ¢cm
10-20 cm



2.3

1 Croan 2.3
grouting Active pressure
2. Spring line Passive pressure
crown
3. INVERT
(crown) Crown
Crown

Spring line Spring line

2.3

24

241 Einstein Method

(Elastic)



(Homogenous) (Isotropic)
(Flexibility
Ring) (P
‘PR 24
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41ttt 44
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o V.
o TI1T1t1D1Y @
P
24 Einstein
i @ ()

b=
2411 Stiffness ground-support

ground-support

support

stiffness  support-ground 2.5



1A
f 5
Cc
Support

_ Ground
Y i ' Equilibrium 6
' |: l kg= Ground Stiffness @
kg = ESupporl -Ground 2
I :Stiﬁness Support
0 A i
2.5 tiffnessi  ground  support
24.12 e 2
J (Flexible)
(Nonuniform) ' ( iform)n ' '
0 (Rigid)
(Support®
(relative  stiffness)”
ground  support ground-support
interface 2 Full-Slip ( )
No-Slip ( )
2413 (Stiffness)?

»  Compressibility Ratio (C) :

( )

ERAL -0
ESAC1 -0

C (Compressibility Ratio) =



= E
P ] I/ &
4 4 =
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Flexibility Ratio (F)

F (Fleibility Retio) =

BN e
=
S L T

Medium

10

|1

|1

~N__.
ESS(1-v )
=/ \)
=—5  ,' “}'

Lining
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CF(l-v)
C+F+CF(\-v)

(F+6)(1-v)
2F(1- v)+6(5- 6v)

(F+6)C(L- V) +2Fv
3F+3C+2CF(I-v)

b2 CU@Q
ZICIT- V) +4v - 617 -3y0C{-V))
1. Full-Slip T = PRo2((1 +K)(1-a0)+(1 +K)(L-2a2)c0s20)
M = PRA2(1-K)(L-2a2)c0s20
2. No- Slip
T = PRE((1+K)(1-a0+(1-K)(1+2a2)c0s20)
M = PR4(1-K)(1-2a2+2b2 COSX)
o ; No-Slip  a2=/?
T =
M =
P = Spring-line
= 1
Es =

vs = Poisson’s ratio
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Poisson's ratio

<
11

0= ( Spring line, )

24.2  AM. Mir Wood Method

(Circular  lining)tn

(Deformation) (elastic ground)
Shear  stress Lining Elastic
ground (elastic analysis)
stress-strain Factor
(degree of
plastic deformation of the ground) time-dependent nature
concept

(Vertical overburden pressure)

28



(Anisotropic stress), (Isotropic  stress)

pressure)
1 (Anisotropic stress)
T, =-102.( nt25,)c0s20
M = 1®@6(25n+ 25c0s20
=-103 . (25n+ ) in20
2 (Isotropic stress)
T2= AP0
3 (Water pressure)
T3 = Pwro

= C+APtan()

3(3- 4v)P0/2- [2Q2+(4 - 6)\Ts
n 4Q2+5- bv

ol
I

Er0
2= Ea(l+v)l21

13

(Water



stress

Q =Er0/E,iN+v\r0-r))
PO=PV- p,

~p~P' +P*

Sl 1o

T = TI+TAT3

= (Compressibility Ratio)
Q2= (Flexibility Ratio)

= / Effect of anisotropic

D = lining

Ap = Effect of isotropic stress

Pv = crown

14



15

24.3 JSCE Method

1 Primary external force

11 Surface surcharge

12

13

14 (Vertical and lateral subgrade reaction)
2. Secondary external force

21

2.2
3. Other external force

Primary external force

1. Primary external force

11 Surface surcharge (Q0)
2
Effective
unit weight
111
(shallow tunnel) crown
2.9

Pl = YaH+Q



H crown Yo
Surcharge
Qo

PERTMRENEY
7
-

Pe1

2.9 (Vertical soil pressure)

2.10 Arching effect on the vertical stress

Arching
)

16

2.10
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K K
Lateral subgrade reaction K
active (K§  Lateral subgrade reaction
K ' 1 («0
2.2
2.11 gel= KPd : ge2=qel+ Kyaz 0
Do
2.2 K
Type of soi K
Dense sand
Stiff clay 0.45-0.55
Medium clay
Loose sand 0.50-0.60
Soft clay 0.55-0.65
Very soft clay 0.65-0.75

B

AR
)

9
Frrrrnrn

lll‘
|
\

Nal
o
e}

211 ( Lateral earth pressure)

17
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12 ,

212
Pwi=YWHw : P =Pwt+YwD0

4 -
LEIETIE T Pw2
2.12
13
Invert 2.13
Po=Tig :g=/(itDo)
g segment  ring segment



N 1IN Pg

2.13
14 (Subgrade reaction )
Deformation
(Subgrade reaction” Subgrade reaction

Vertical and Lateral Subgrade reaction.

141 (Vertical Subgrade reaction
Vertical Subgrade reaction
2.14
R2= R+ Pl - R2-y
Pe2 Vertical subgrade reaction

P2 Pel

19
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2.15

Pwl
[TITTHH w Pel

TR RN

[l Pl
fITTTTITt L per

2.14 (Vertical subgrade reaction)

2 (Lateral subgrade reaction )
Lateral subgrade reaction
Spring line (8) (Tt4) < 0 < (71/4)
Lateral subgrade reaction
qR=kO(L-(sin0/sin(3))
k Lateral subgrade reaction (kg/cmdcm) PSr T4
Spring line
= /Q
P=Ri2p- q+Tty)
Q=24( B +0.0454 kRe)
P =Pe +Rl
q =Pel + &2+ On + Qw2
E = Elasticity of segment ring
= Joint stiffness reduction factor
= (4N)2 ; N segment
Re=

20

5



™ D(l’

| = Mass moment of inertia of segment ring (RUll 1= bt312 , T =1)

b segment
t segment

2.15

2.3 Very soft clay

2.3 k
Type of sail
Very dense sand
Very stiff clay
Dense sand
Stiff clay
Medium clay
Loose sand
Soft clay
Very soft clay

i

q = ko

(Lateral subgrade reaction)

k (kg/em2cm)
3.0-5.0

0-1.0
0-0.5
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L
I YYYVYYY
7z
L7
LTI Pe
Hc Hw B
R, PRSI N S * Ca Puw1

2.16

2431

24



24

1. Vertical

stress

(Pe, + Pwl)

2. Horizontal

Stress

(qel+Pwi)

3. Triangular

Loading
(Pe2+ Pw2' Pel'
q ]

4.Subgrade

reaction

qR= kb

5. Seffweight

o= *rg
g= T

Bending Moment

0 <0<
M= % (1-2sin%)
(Pel+ Pwl)Rc2

0 <0<
M % (1-2cos2)
(Pel+Pwl)Rc2

0<i<
M= 1/48 (6-3cos#-
12cos2+4c0s3)(qe2 que
Pe,-Pw,)Rc2

0 <0< /4

M= (0.2346 -
0.3536¢08#)k<5 Re2

4 <§<m2

M= (-0.3487+40.5
sin24+0.2357 cos3#)kERc2

0 <0 < P2

M= (3/87T-#sin#-5/6
cos0) gRc2

<6 <

M=(-1/8 + (TT-#)sin# -5/6
cos#-van sin) gRe2

Axial Force

0 <0<

T = (Pel+Pwl)RcSin20

0 <0<
T=

(Pes+C )Rccos'#

0 <0<
iP(=

1/16(cos#+8cos-
4C0S2t)(qe2t quiqer

Pw,)Rc
0<0< /4

——
k(5Re
4 <6< N2

T =(-0.7071 cosd +
COS% -0.7071 sin2

#cos#) k(BRe

0 <d < R

T = (#sin# - 1/6

COSH#) gRc¢
R <d <

T=(-Trsin#+#sin4-
Trsin2#-1/6¢os#) gRe

0.3536COS#

JSCE

Shear Force

0 < 6><

= -(Pel+Pwl)RcSin0
COSH

0 <0<

= (Pel+ Pwl)RcSin0
COSH

0 <0<
5= w16
(sin#+8sin#cos4-
4sin#cos2)(qe+ qu-qel-
Pwi)Re
0 <6>< /4

= 0.3536c0s#k<5R¢

4 <#< 12
= (sin#cos#-
0.07071 cos24sink) koRe

0 <0 <2
= -(#cos#+1/6sin#)

9RC

<o <
S—(7T-#)cos#-Trsin#cos#
-1/6sin#] gRc

23
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2.5 ( Effect of staggered of segment )

Segment  Bolt ring
(AM)I ring
2.17
(Max. Bending Moment )

M) = Max. Bending moment using reduced |

ML = Max. Bending moment using full |

M = Segment Bolt staggered
= 2MOML

AM =N, -M2

M =
= AM+M

full I=10 = Moment of inertia (Ring = full-ring L = 1)
reduce | = 1= Moment of inertia (Segment = reduce-ring , <)
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Segment Bolt

~ = Ring Bolt
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