DEVELOPMENT OF HIGH PERFORMANCE
DUCTILE SEGMENT AND ITS APPLICATION
TO SHIELD TUNNELING

2003 6



RC









SUMMARY









1955

10

30

10m

45

1.1)



1917

12 1939
m 725.8m
2 1.3)
1.1
1.4
2
20

1960

11



16 1973

1.7

1.8

3 10m

15

1969






25

10m

1980

1960
30

M30



1980

1988

1990

10

1.2 13

1.9



LV RN

7 AR 2

OREPRC T2 - D6

@ O A

Frtidr e
=

I} DifEal L0

L‘.

P L

T ROnRN

2 § - 7BE

@ T
Be—rw7
Héiﬁ}f%

A

0 b MR

FILRE

1.2
. REHHEES
EHE?E?L Fran—1
e .- .
i/ R | BN

FaA =R AL

Bl A

)Lk

bty it
F)

13



RC

RC

10

RC



14
1823
111 1869
1.12
1892
1.13
15

11

14

1.10

L/
F

N

REVTIL—F i~ N2

i

1902



15

1.14

The Tunnel was opened on 4g August 1902
i at 2 cost of £ 00,
7 ot

Q06

3 st e,

1948

50

11

1965

12



11

N/mm N/mm?
FCD450 450 280 10
FCD500 500 320
FCD900A 900 600 8
FC250 250
SM490A 490 610 325 16 17
RC
4m
4m 12m
RC 3 4m
Im 100 400
RC

13




RC

5m

14

RC

RC

1965

15



15



AS

Axial Slide Segment=AS

AS

16

AS



10

1002

17

24



1.1
p 3 1974

1.2

4 1995
1.3

7 1995
1.4 100 64 1990
1.5

p | 2000
1.6 () 1969
1.7
() 1973
1.8
I 2000

1.9

113 1995
1.10

() pp 31 32 1996

1.11 12 1981
1.12 6 1981
1.13 14 1981
1.14 1 1983

18



19



20



2003 3

96 m 21
2.1 78
1965 20
10
2.1
76,153 9,833 5,119 2,851 908 5,142 | 100,006
74,984 9,019 4,723 2,781 1,090 3,828 96,425
77.76 9.35 4.90 2.88 1.13 3.97 100.0
1965
4
2.1
15
2

21




2.1

10

1970

2.2

22



1980

2.3

2.3

23

2.4



1000

300 400 300
,C\D 5 700 SQ)|
0
N O O o O
8 110 120_ 270 270 120

P33% Y

110

1990

2.4

2.5

2.5

24



1995

DOT

2000

AS

2.6

1997
30

25

AS



2001

1300
86

2002

2.7

1990

2.2

26



2.2

1965 1975

JR

10

1977 1985

1986

12

1993

OBP

DOT

27




2.2

AS
6 AS AS
4
4
1997
7
4 4
2000
8 11
8
2001
9
2002

28




15

29



RC

RC
2.8 2.9 22
2.3
2.3 RC
RC
9500mm 9500
300 400
1100 1200
3214 4095
7 5
2 2
M30 60 M27 48
M30 6 M27 6
M27 65 M30 29
7 4
2 1
1036 5100
RC
880
15

30




t? AVhEER s=1/50

- AYETA b
g (&\C-C)

3214.1

§=1/10

IPU-}

1100

g {4 } j
‘ by}
. (2pHfe oMo 2 4T e

31

2.8



4116.6

— Ezrny WAL
'; -
(ﬁﬁ)

T Ay bﬁ%*ﬁ%(i\ﬂ) ) v T HFEED

E*:P

i@‘ EML 63. 5¢)) L ¥ =3(101.64) 5}

| i'[“ '£ MBEALL Jtaa&wssm

__ ﬁ iéEMML () -

i‘: T E"

F _
0

) El ! JQ AN ./f\JL*ﬂ?L";L

2.9 RC

1200

32



25

2.3

6600

33

1973

221

RC

RC

RC



2.4

11800

M27 8.8 36

250
A 3 B 2 K 1 6
M27 8.8 47

30
90
215
50
385

450
977

34

7.8

23.4
55.8

13.0
100

RC

2.10

27 109 36



2.5

2.10

35



15

36

56



2.1
2.2

2.3

2.4

25

50

pp 32 33 1973

37

2003

358 1994

pp 1242 1243 1995

pp 150 151 1999

(

)



38



39



40



56

41

35



1500kN

3.1

3.1

42

Im

1000kN



3.1

3.2

3.2

3.1

43



44



3.1

100 150mm

45

AS

50 100mm




AS

AS

3.3

90

AS

46

Axial Slide Segment AS



xial

lide Segment AS

a7



48



3.1 AS
55 pp 260 261 2000
3.2 AS
51 pp 278 279 1996
3.3

pp 1236 1237 1995

49



50



51



52






4.1

4.2

4.2

4.3

p I

54

4.2



EREIADB

Ol

3Rl

HutsnastIArAvb

4.3

RXEIADH

o

LN A

#utshseIAVb

4.4

4.4

55



AS

4.2

4.5

4.5

4.5

4.5

4.5

AS

AS

AS

4.5

e
lll\‘lll -

D

&

4.5

56



4.5

RC

AS AS

4.6

Axial Slide Joint=AS

4.2

57

AS

4.1

41 44

AS



AS
4.7 AS
K
20
AS
AS

4.6

AS

AS

AS

58

4.3



35

A
|

e
lo

|
I
S| .
5] ~ (0)]
Bl
O
4.7 AS
AS AS
FCD900A FCD500 AS
FCD900A AS
FCD500 FCD900A
FCD500
1.1
AS
M30 10.9 6 AS
AS 2 6 AS
3 AS
4.1
M30 5.606cm 16.98cm 3

59



380N

16.98cm?x 380N mm? 645.2 3
4.1 AS
AS FCD900A FCD500
N 200 190
645.2 645.2
cm 32.3 34.0
15 215 15 227
20 162 20 170
25 129 25 136
FCD900A AS
1 3
AS
AS 4.2
AS
AS AS
AS
AS
AS
AS 15 150
20 AS
4.8 AS AS AS
2
4.9

60




AS

4.8 AS

L

L

L

L

300

250

200

150

100

()

50

2000

1500

1000

500

49 AS

1)

y  tan@

61



AS
AS

AS
80

p o 0.17

AS

50

AS
411

AS

AS

1
tan6 —
10
P F=23
150
AS
4.2
AS
AS
225kN
4.11
5

62

0.2 44
4.10
FCD900A
AS
6
AS
235y



AS

2000kN

410 AS

-200 -100 0 100 200 300 400

411 AS

AS 1.75 MN

85

63



AS 4.5
AS

AS AS

AS

AS

AS

4.12

AS

412 AS

64



412

L,

1)

)

®)

4.13

+ 0.5 mm

1

L+ O

L 08

L 0.8

A

e

i E e S 1

N 57~ SRR B

AS

4.13

2

AS

L, AS
+ 0.4mm AS
AS
L, L+ 0.8mm AS L LxO05mm
AS 1 20
AS AS

L+ O AS
, L 05 AS

AS 13mm
, L 05 AS

AS 13mm

J]

it & e T~
SRS

13

——— e i

£
.

AS

13mm

AS

65

—-F===n.
IR B

e YA

AS 13mm




AS

AS
AS
AS
AS
AS
AS
AS
AS
414
414 AS
13 mm
AS AS
AS
AS
AS
AS

4.7

AS

AS

66

AS

AS
AS

AS + 13 mm

4.6
AS

AS
AS
4.6 AS
AS

AS



4.14

AS

4.14

AS

4.8

AS

AS

67

13

4.14

AS



AS

4.6 AS
AS
4.15
4.15 AS

AS 13

30mm

AS

AS

AS

4.15 AS

68



AS

4.16

AS

AS

AS

69

4.15

AS



T -
44— AS

416 AS

70



4.9

4.10

AS

AS
AS
AS
AS
4.17 AS
AS

4.17 AS

71



Pe N cosB p sin@

Pe cos O p sin6 )
1 sin20
Pe AS
AS
AS
g AS
6 AS 0
(2) AS Pe P

[V 0.17 © 0.05
Pe 98P

AS 15mm 150mm 80
37kN
AS A 15x 15 22.5¢cm
Pe 04X 0.8x A 200N mm x 0.8x 2250mm

360 kN
p € 360kN
9.8 9.8
37 kN
411
JIS H 4000
5052
4.18
10 kN 13 mm 100 kN

72



183mm AS 4.19
AS
20 kN 30 kN 36 kN

2.5
2.5 11.5 11.5 (4
|l ol |«

l [

£
=
E

50 (- T T T 1T T T T
N )
g 30 ;— ............................................ Frossomsneseasseees —;
20 :— ........................................................ —:

O —

0 e

0 5 10 15 20

[mm]
418 100 N

4.19 AS

73



AS
AS

Axial Slide Joint=AS

AS
AS
AS
FCD900 FCD500 2
AS
AS AS AS
AS
FCD900A AS
4 AS
AS
AS
AS
AS AS
AS AS
AS
AS
AS AS

74

AS



4.1

115 1991
4.2

pp 1236 1237 1995
43

115 1991

4.4

45

4.6

47

1 1998
4.8

49

410

pp 601 604 1988

411

0 41 1998

p 24 24 1969

No 721 VI

No 721 VI

No 721 VI

No 721 VI

75

pp 113

pp 113

57 p 180 2002

57 pp 180 181 2002

8 6 pp 40

57 pp 180 181 2002

57 pp 181 182 2002



76



77



78



5.1

79



— 53

51

— 51

70mm

80

— 5.2



mm

52

60mm

81

36mm

3.5



BRI AT B

M24 3sh

1

D

M24(8.8)
FES /

SOl

53

66mm

5mm

30mm

20mm 1.5

82

mY iAok AUl AU
ho—
NIIDT
— v o M22(10.9)
! I
. -—
~ N N M22 7o
60
| RO )% il
)55l AOf —_
60mm
6mm 90mm
3mm
30 30mm



5.4

55

54

83



BRI A b AUfEIXAD B

N

Jnof SR
5.5
—5.1
51
FCD 600 4
SCM 435 8.8
8
22H
SCM 435 10.9
10
22H
5.1
— 53

84



— 5.7

120 kN

28mm

85

60mm

28mm



300 r
250 |
= 200 |
150 | "\
100 : fgé@nyQng%dvi
50 |
0 (; llllllllllllllllllllllllllllllllllllll [ | [ |
60 50 30 20 10 0
5.7
—5.8
—5.9
2 170kN
1.7mm 1200mm
15
84kN 0.3mm
10
3 254kN
8.8

86

M22

252kN



5.10

——

7 LASL Bt

U

59

87

5.8
M)—O—O—O—O—Og
84 kN
2 4 6 8 10
[ ]



3 \z fi &t
N " : L:-“ (18
Y
) )
_ 320
— 5.10
— 511
3 300kN
3mm
89MN m

88



[mm]

89



51

51

pp 270 271 1996

90



91



92



6.1

6.2

6.1

350mm
1200mm 1
125mm
LU _IL\.
HE
1750 1750
3500
Lo
[qV]
N

6.1

93

AS

1200

350



OOOOO



6.1

300

o | o
W | ™ | ©
P
8
o
— | 0O
pje] -
Tlgl 8
z —
o
8
o | ©
AR
1
P4
3
o
™M | O
ISR
8
S| & | 8
Wl?_
©l | o
0| ©
N12
o
S
S
S~ «
S|«
™| ©
2
2| z

6.5

95



(1)

6.6 6.7
350
_ 30 e
2 250 pe
//
200
/

150 /
100

e

vt )

50f e
0 e

0.0000 0.0005 0.0010 0.0015 0.0020
6.6
350
300
E ,./‘
= 250
X7
4/t/,//"////‘/’//
200 —
150 {/
100
50
0
0 0.002 0.006
6.7

96

A D

nl BN

1000

100

300

1000

100

300



1 MN 2
Ko ,
6 6.1
8.2
60.5MN m rad
6.2
N KO K6 KO KO
1000 688 67.4 211 11.5
0 63.8 14.7
100 87.5 15.8
300 64.6 15.6
rad
100 kN AS
6.8 AS

6.8 AS

97




6.9

6.10
4 3
4 M22 8.8
2 608 KN 1 152 kN
Ln
A
Kol
o o
I
n
)
600 1200 600
2400
6.9
600 1200 800
j |
| ‘ 5
! [Te]
| )
[l
TR TR T T LT [ T b
EARE LML) bR
6.10

98



6.11

2mm
2 2mm 66mm
69mm
6.11
700 ‘ ‘
=313.70 190.3
600 i
500
ks.=78.4
400 = 128.85 + 161.4 /D‘% ;

= 613.75 ‘ %

300 ‘
&/ ks,=24.3
200
ks,=131.6
kN100
O &
0.0 0.5 1.0 1.5 2.0 2.5 3.0
5§ mm
() MN
6.11
K6 60 80MN m rad
AS Ko

99



100

M22 8.8
2 608kN

100



6.1

6.2

()

pp 80 81 199

No 721 VI

101

57 p 184 2002



102



103



104



AS

7.1

AS

80mm

105

100 150 mm



Rad(r e

/

HES v

a

74

=

&rh

7.1 AS

106



1)
7.1

7.1
350mm 350mm 350mm
1200mm 1200mm 1200mm
1650mm 800mm 600x 800mm
AS 2 4 4
2 1
3
20mm 20mm 20mm
2mm 2mm 2mm
2
300kNx 2
10kNx 6

107




mm

AS

20mm
72 7.3 74 7.5
ZL—4A
i HIH
AtIdAr
oD 4
FL—A
HH
| | BT
ZL—4A Tﬂﬂﬂﬂﬂlﬂ ZL—4
KEdAsb
L]f] f i
7.3 K K

108

80



-

7.4

5

109



7.1

7.1
300kNx 2
600kN
1 2 3mm
3mm
150kNx 2
300kN
150kNx 2
300kN
A 1 2
532 N
M27 10.9 80 172kNx 0.8 138kN
AS 138 N 2.3 60kN
2 AS 60kNx 2 120kN
1 120kN
120kNx 2 240kN
3 2mmx 20mmx 330cm
35 2.6MP
2.6 x 2 x 330 172kN
120kN 240kN 172kN 532kN
300kN 532kN 600kN

110




89
2 4000kN
15

7.1

AS

1)

6600mm 250mm 1200mm

111



M27 8.8 36
M27 8.8 47
7.6

Al—18E2 I AUk s=1/60

S q
T H | ] ! — | H
=, 294
7.6
2
AS
FCD900A
AS 22mm 86mm
30kN
AS 200N mm x 22mmx 86mm 378kN
2
AS 3 6
3
FCD600 SCM345

112



5.3

100kN
(4)
3
3.5mm 20mm 2
7.7
A 1
1 1 2 1
AT AV
I AL
m M rmM M
11 11 11 11
AT AR LY 0 N O M
o1/2
AIAVB

7
Ji}
7.7

7.8

113

t 4 ¢
T O O

7.9




7.8

& e BRIt (08,
N (500KNX5 % 15° ¢ of) ,

2050

£33

5000 ERES Yy (4F)

7.9

500kNx 5

150kNx 4
150kNx 2

114



AS

AS
120mm 20mm
7.10
2
70 80mm
20mm 2 4

7.10

115



7.2

3mm 70

mm 3mm
1.2MN
15
0.1 0.2mm
AS 7.11 AS
50mm 10mm
338kN
273kN AS
89 72
10 4
2
5mm
AS
10
5
AS AS
7.12
20kN
30kN AS 80
7.13

116



AS

1800

1600
— 1400
=1

1200

1000 —

800

600

400

200

0-

(=23
o

1800

1600

— 1400

1200

1000

800

600

400

200

I
—A—Gagel
—0—Gage2
—1—Gage3
—A— Gage4
—o—Gage5
——Gageb

5

50

40 30 20 10 0
[mm]

—A— Gagel
b |—0— Gage2
— 1+ Gage3
—&— Gage4
r |—&—Gageb
—l— Gage6

7

K

D
o
al
o

7.11

N
o
w
o

10 0

117



2000

1500

1000

500

7.12

T T T T T T T T T T
= O -
i o e
= / -
le—— 0.80 4
- +—— 7
i i i

1 1 1 1 1 1 1 1 . 1 1
0 100 200 300 400 500

kN
AS

7.13 AS

118

2.0

15

1.0

0.5

0.0



AS

AS

72

AS

200kN

AS

AS

AS

119

80

15

80
89

300kN



7.1

7.2

52

AS
pp 240 241 1997

No 721 VI 57 p 187 2002

120



121



122



AS

AS
(1) AS
AS 8.1)
10 8.1
Hi= 0.4H~0.6H H 1
J—  [H
— H2
8.1 AS
(2) AS
AS 3
8.1 8.2) FCD900A
3
8.1 AS
mm?
mm? mm?
FCD500 500 320 7 190 130
FCD900A 900 600 8 200

123



3 AS

AS (€ 5

(M N)

25mm 30mm

FCD900A
FCD500
15mm 20mm
AS
82 AS
L
A=tx L
r
8.2 AS
AS 8.3)
AS
8.4)
8.3
1)
2kb kpu
K 2Ky,
Zkb kpu
2kb kpu
K
2k, ko,

124

M ex N

Lx 0,

AS
8.4



Kou
Ko
1
2
Kz
(2) AS
E
Ko
A AS
AS
3) Kpu
A, (B: ©)B;
E A,
Kou T
8.3
Ay
T
T AS
B AS
B, AS
C

125

AS

AS



7§}

7o

@ N BT AT 389
B [EREABED T HES

8.3

Li Lz Lz ° | L;

126



B, L x 2
6
L AS
(4) Ky
D, D,
E
D: 1 v?
B, t E
D,
12(1 v ?
E
| 2
v
S
P, L2 L2
o,
3D, (L +L2)3
- P2 Lg
3D,
5, P2 LS
3D,
P,,P, L, L, L L, 8.5 8.6

L® L,° D
a
(Li+Ly)° LS° D,
L13 I—Z3 D2
(Li+Ly)* L2 D,

127



o
1 P1
8.5
N
TP P, (I a)P P, T
1+a
AS 5
5 L® L, T T
3D; (Li+Ly)° (1+a) K
0 ,
T
N
I Ls
\'
X > P> K
L4 L4
N Y
0,
8.6
T AS
K, 2

128



g D,(L;+L,)° (1+a )K

Kru
K L® L2+3Dy(Li+Ly)°%( +a)
) Ke
8.7
8.8
@ IDHFDEH W (h) 2k hE
8.7 AS
T
C
@) DD FHn (b) 2SR e
8.8 AS
M T 28 0 T .5
2
M Kn d 0
2
K, d?
SNG)
0 2
K., d?
0 ()
8 2

129



(6)

Mmax
K8 (+)
Mmax

Ko (-)

H,

130

d=H,

rad



85
FCD900A

4

131

2.5

200N mm?

120kN



132



8.1
AS 2 51
pp 280 281 1996
82 ()
pp 60 67 1996
8.3
No 721 VI 57 p 185 186 2002
8.4

82 1978

133



134



135



136



3 9.1
9.1
_ _ _9a
B
v JVv JV
1997 11 1999 4 1999 9
320mR
2.4 37m 50mR
6600mm 7600mm 7560mm
250mm 300mm 280mm
1100mm 1200mm 600mm
24 45 41
3
92 93) 94)

137




9.1

7 B
1997 11
31m
202 401m 2.4
1008
275 26.4m
RC 733m
11 11, 2
6750mm
2000 kNx 24
450 kN
499 5Im
51m
24
20
AS 6600mm 250mm
47

138

24

224m RC

1100mm

M27



120m000

L=111.0m

b F(250)8

BiER

[

L=5Lig

991 bhk o5y

HiwE

TEa
1008m000
#E 1008m00O0
EREHEBLE
FRTAERR

BRSBHIE HE
BAEEBHEIER

TSR EBRIE TR T HRREH

#2258 (18D)

T

EREIL

[ILHGED

B iS5
174m000

EF@@ B=1:2000

000m6651¢

g
174m000
o

FO508
L=11%0m

'

YK
L=51.0m

L=416.0m

L=33i.0n

I92{1RR0S0Y




AS

21

9.4

140

AS
9.2

9.3



(ved)

AT
v ¥

*
=

L]

CFOILCF L AW LLINHZ
CFREEILCLEY ORI RETRERG WS T
CRERREYY MR IR
TFLNER LA LAE (D) Ve ss THRPLETDE

IEIRAGINEACCATIA B

Tk
; =
il \ i . El—
1 _ b t—fuls
: d-.,.vn ”__..J “.ﬂ_m
T oy
1]
| _l (L] .W__L”.Tm
[ 2 [%E
05 [ 3]
dort
O /TS T
“Tes
L
\ _ g i
Y e
- ]
008 Tz
W [ B OTw
[ €M
oOET
OT/ =8 TRy

AS

9.2

141



[ e T
% 15| GULG BREY
'SAEICEL LT OGSV GATMER SR (F
EN#H LEFAST
HIGIA AR HNR . Eu.ﬂ;_'u
! B T bonia - I il 1
Y
KY
h¥
[ k¥
: kv
Bl q
L -6l Ql_
B R N | R o
b
&/F=S FHEHCRIASH
e e ] 4 & [ 3 L ]
EEET Y ' EY ] aouunmq Gt oog | #WD [- N ]
e 0 |eEr e |2 1A f 43 Kea I
- = = wooa|iT 1 e0e | tua) | .
¥2E' 7 |Bor 0 [E [EEFENCTEIAR M THE LT TSI S 1 1Y -
AE5TAT | RBE-AR | B A& ¥ T LRI B L L

oo
5
5ot W5 0 [BR1S+ ATRUAFB ar _
C] 0Fé 3 | REY RS
(& [LIEhar] _m.n».m.\:nhm_uuﬂ\rm
et N ooElrdd 5 4145 )F 0 55y *
ofey |9 % | =
®ir [ F 005004 _[(1AFLaBg- 2 ¥ | 2 f Mo
ooer [ % Q0S003 [14¥£3A5-H18 |g - 2| " = 5[5 [ Gl s
mE |t E AT LY LI ! " .
A aoemd 1AFSi@e—158 |V _./ iy aalll
oE1T | ¥ ooemd AFhiGc= 2 ¥ Ll &
£L1T T ooeind R ELdET-F ¥ 5 o #
¥ L 5 O T \h _ M| NI
R L
F3:10 wa) i
\m 2/1-5 TZHH eTS EougY
i 3 -
3
o 1 _
B
SR S , =l
e o Ry ¥ M
1 -
o .{h b & } —_ “
s . WER
b : !
TIF | (14

el 1021 #5 FIas+3 . o VS NS

142

9.3



143



9
11 18 11 19 11 20 11 21 11 22 11 25 6
2 5 5 6 2 4 24
2
8
9 5 9 8

144




9.5

145



150mm

146



20mm

9.7

147



9.8 3

148



9.9

149



®3)

4 3
(4)
9.10
9.10
22
22 AS 28 AS
37
24 22
4
5 20 15
25
12 32
21
4

150



(5)

1.3

1.8MN

151

23



ON 47 (i
LGS 96G agg

T T T
N o o *e
) .-- (L |
o e

oo .l e
¢ o o s s
oy AL Y
A W oo
e o1 4

[ A

o e

X e

. o0 A
X e

o e

. lne

Ll -—

.

o e
N "
.
.y
oo
I
e

(]
' -..- M
loed 0

@02

¥ L8 bk

00:00

00:01

00:0¢

00:0¢

00:0%

00:06

(€=1) B&TH
AL RE N

(&2) BlHn D 7UH¥

ON 47 (1
166 65 LG GG 66 T¥G 669 L€9  GeS  €EG  TES

T ] I _\_ _\_ _.\_ I _\_ T T I | T T I 1

NV 0999999997 ANAAL AR 1
7

7 %

||||||||| \| |l VNV NV NV N YN YNV Nt SV il el N/ bt /]
Y Y

) - " 1 47 “
VA i -

7R \

) \_ BELk Sk 4B —

I @YLQY bk 4/ (F — \ \-
BLOGTE ek TR G08HPE Gek 44 (8 z

(20=10) BELTH 2 ¥ 42 SY

00:00

00:01

00:0

00:0€

00207

00:06

(L5) [FIfH D 7IVH¥

9.10

152



(6)
AS

AS

AS

AS 7 25

9.11

82

AS £ 103

B om (F-vsmw21)

—

AS & T 7 E TR A=86 X 22=1892mm*
FCAD900-8 #if:£## E=170 kN/mm*

O A4 —27 FLA-6-11-03LE

(B2 A MEIREFO R AT) = (BT 0, 81 =124

AS

omM(r—UxEya,)) 22%

T2 AL METFAR LM E R A=459.4mm®

MR E=210 kN/mm?
44— BTM6C ‘

(e A MEIRE RO EAT) X (A, AMERD =12 K

9.11 AS

153



AS

9.12

185N mm

160N mm

1

11

9.12

AS

AS 80

AS

AS

20

154

65



s/l

Le/cL

9c/2L

+) =]
12/21 91L/2Z1L LL/2)

9/21

L/21L

92/ 1L
Q00

T

T

0g0

or'o

isa

090

og8'c

zisa—w—
o159 —e—
esg —e—
S8 —n—

289 ~—e—

oo'L

os8

1s8

oz

or'L

09'L

SZ/C4

| BB
eL/CL eL/eL L/2h

L/et

se/L L

6L/11L
ozo

ov'o

09’0

080

oot

oze’L

LHW/NES L B BTz 06 SUTTBE— ov1

09°L

M27

AS

9.12

155



20 9.13

20

9.13

BADEANR

/

Pl

LT TRF S

9.13

1)

9.14

9.15

156



B AL T AN AIE

R — R
L— VR HNE

9.14
9.15 AS
AS 2mm
AS
10 15mm
AS

157



O

L i L
L L

$8E (mm)

=0

-30 25 ~20 ~5m-10
L

o,

30 T .
[ AT A BAEAS o AL

_— FHRE
B 5 Q0 15 20 25 30

AP

-1 '5 ,4-'"-".“'
. o .
o = O
= 2§ -
~30
AS

~30 ~25 ~20 ~15 ~10 -§ _{

Mot

#BE Gom)

GO-T
[(m #5205 A BRAEAE o EABEH |

20 T /
15 /

oy BatmmE
§4+ N [ESEEEREEN ﬁﬁl‘#ﬁ%

m5 10 15 20 25 %0

g 4% KT (o)

9.15

158




)

9.16
6
9.17 9.18
9.16

.
E 100
% ® e
B 050 B EiANH#E
" DiEHEEA
g 0.00 1 A FAY = i ~

$AITTEy | 002 | 000 | 001 | 00O | 00O | OO

EiAs& [ 001 | 000 | 000 | 000 | 001 | 000

$#h®s| 000 [ 000 | 000 | 000 | 000 | 000

AS

E
£ 1.50
% 1.00 B AT
B mEANE
w CHREN
& 0.00
m

[$xrcps | 042 | 034 | 081 [ 020 [ 073 | ca2

N2t | 005 [ o000 foa0 | ooz | 025 | 041

A% 003 | 000 | 015 | oM 021 | 0.1

9.17

159




E

%E M THE
T BEAHE
s O#EHEEn

AS

B BA&E (mm)

1 @k
BEADE
, _ QAR

9.18

AS

AS

0.2mm

AS

®3)
AS

160




AS

AS

AS

9.5)

AS

1)

6.3km

7

2002

9.19

161



2 4

4 4 1235m
2001 4 2002 7 50m
10.87m
16m

DRC Ductile and Reinforced Concrete
2 AS 1 4

1 4

9.20 DRC

9.20 DRC

162



@)
DRC

2000 7

8 2004

1235m

51 54m

DRC
(1) DRC

DRC

9.22

FCD500

11.8m

751lm 61

DRC

4000mm

1002

484m 39 250m
23
20
2
9.21
450mm
120mm 2
430mm
90

163



2

AS

FCD500

SD345 D13
30

N mm

(2) DRC

DRC

DRC

DS

DRC

DRC

50mm

135mm

SD345

450 450mm

9.22

164

4mm

125mm

D29 4

D16

9.23

AS



Ini1 G2eonn

i,
—
|
T
il
51
f‘ﬁ+
are A_'

=y

S

FEEER

[ [

¥

(hREA N

T-rEN

E

T H

AL

G

BREK]

TR

[EFLTETY

R S—
El iy
(143
—_

R v ] ¥ ] - e
956 1 | BE6 0 [ HOE=11[ (& W1 Hidd =
FEE 1 3 HO[=¥9p| ¢& 3] HA+ M
Uy 18 LILNRER 1 [] NOE=43D| (@ w1 H@dw il i
gL en I igETaL ) - T Moﬂ_“w_m
T H ropAdd T BTN E -
7 |1UG/00KeS LFVEE
B - JriEE_und
_ (SR RFEY
LM & ¥ K %
4 4 o
L wsad| A rrsage A
I ET
I ET TN
IEEF T L
L I EY K]
I EY I
feYgsaREY | SESEMOEYTALA
“ CEGATLY 'VEFERN T4 DO A,

=

Cisl=F

Bt

(2-28%)

ALY

{1 dlosa)
VSOSS HEEIAE LT

IE

9.21 DRC

165



00C
[74 00T v BT 0zl | D6
=
NT S
" (5¥20s) 910 (5 O
”MM“M M”“% _\._l | E ﬁ“u“m ”,“ w UiNTAsaTT ..,: RHN T T Ly e,h .-“« ] ST
N i) AL (s¥eas) sza m:% A" X LY 5 /
(&¥e0s) £10 (3) _ £ / / \ / AL MO - F
L o o N ~ Mm
WO - WER 8 g
, . 3
oS 810 ®i e 0Lt [ uel | oet (53 G oo o8 Greas) 510 @.— oo oer u—: Jn 1} “dWﬂ W
©+£08) 620 ()L (6rE08) 620 ()L ¥ .y i
e O A e Y // p VAVAVARVERVARY // . - = = ~
© wan WER
/ W% \l\ N ke o/1=s " V- V&% u/l=s V=vVHZ
M i} ﬁ, T. il I;i W
(&ve0s) 10 () u r_\ "EEIRBOEYRIB A
- - - - - - g e “CEARBOUNINDA |E
TR W \« QY
[ R WUT BEE N
ol/1=s S=NEE /1= T-OHE % ® ® W
(&¥ias) 620 () Tvios) 810 (y) _[(5ve0s) 910 () (S¥605) 10 (1) \1\ /X
= N Nl / ° \
M , ® ® "\
S i b )
”mvnnm“ £10 @ ___r..!_ E | 4. +
(S¥E0S) €40 | :
© = ﬂ ol h 2 T T k
(Gve0s) €10 () ’ @ = G Ry & T A
Tveos) £10 (3 M r .h
A 7N VRV \ iy F
L \
TGP
TR
// ® & — "\ @ o,
- 5% " /.,\/ @ x\\t\
g /!.FL. \4\. 4
i A —— —r—
] _
% £ LY TEoF
Bi 8. T 4+ __ _— + W_
% T & f
T i
(0-oux) (2 cwmmice)

S1/1=s I X agv~&Iv

05/1=5 BEBAILKLD

9.22 DRC

166



9.23 DRC

4000
<3000 empm =T 7]
H?ﬂ BAGE 5N |
122000 T © 22.4mm ]
& 4954 HATHE
rrl [L&HBRRICES —
1000 -o- Ehig —
—— 1371 (DRC)
: -—- B 0-S) [T
e I
0 5 10 15 20 25 30
9.24 DRC

167



9.24

DRC

DRC

(1)

DRC

11.8m
DRC AS
1000
DRC
2
9.3 DRC

168

FEM

110



9.3 DRC

CCD

AS

169

2 90
3
4
5 AS
(3) DRC
DRC AS AS
DRC AS
2 3mm




AS

1200

{EF 32 mm

+ 2mm
+ 1mm
+ 1mm
+ 1mm
9.25
k=) B
m nl ‘ )
[ I
X t?_ﬂmm.
| N |
i I ‘ 1
i\ N\
10 RS £1.0mm
(PFETELE 1mm)
/\> '''''''''''' e
‘\’ l
i1 284 1 |
< 3 l 8l 3 ZL l
N |
! / -J.‘.‘.‘:_:tﬁT:‘:_ ----
f -
9.25 DRC

170

f#i812.0mm



(4) DRC
DRC 9.26 9.29

AS

0.6mm 10

3 4 AS

9 AS 119mm

171



()
HANHE
BY-~cUW T S

FHO
LLOEHR

(B
BHO N
BY—GWU §eT "G

HiBd Y < ) B SV EdALS

AN EYHE  ¢dALS

SYHE  1dALS

(TG TEGI7Y 4 a5V
HIETWI < ¥ &a

9.26 DRC

172



i

11 T

[RYEErd ARTLALTE] -

iy
@ILLNER

LL] T

(i WL GF PdHLS)
ZEsggY i A pEa - L DdELS

(el WoIT) § 3 PIELS)
THETY s < P EC— AL

DEM HAY — 2 @ T A BV PAULS

— 77T TROTTEATSY

9.27 DRC

173



et |

L

O .

1T}

} .E:ﬁ

1

WERL L=

(i wwkgl § T FAALS)
UgpgEEE < b E4 SV 6dALS

(F WWEg (4 F PAALS)
e B L OV BdHLS

(I8 WHSL, G F vIALS)
cHipdYe S VB - L LdALS

SRS VLAY

9.28 DRC

174



'
-

BABLE LG Eyr

)

(F Wwwg( § F pdeLs)
JauHmy 2 L EASY T1dILS

(Fh Wwwg Tl @ F PdALS)
g 2 ) EG SV 0TJALS

10 11

9.29 DRC

175



39

™
(o]
R T
© T :
9 ™ o E ¥1S
— =r
1 o 18
N o~ 5 [ rA%Y
- — ”M_.u § LiG O
z
¥ < o II \
© ~ o EEREETEERT e 608 -}
o N~ o 5 ] -
2
b T
o aF
o
N
™
™
2
: o )
o e %
(ce}
m © % 3 N
0 (G 78&) RS2 IO
) gV
~ —

9.30 DRC

176



DRC

(1)

AS
AS
AS
712y
926y 30
448y 37
(2) AS
AS

9.31 9.32

9.7

I+

30

+ 30

160N mm?

177

50



LBR{E 926 u

BR{E 7124
TBR{H 498 u

9.31 AS

841u LBR{E 926 u

TBR{E 448 u

774 u

6971

9.32 AS 50

178



(3) AS

DRC 1002 AS
9.4 AS
AS
AS
9.4 DRC
926 498y
AS 4 1002 AS
926 448y
AS
AS + 15mm
840 p 1560
(P KkN)
1710 p 3170

179




1)

)

®3)

(4)

(5)

(6)

(@)

60

24

1002

180

67

+ 2mm

AS

AS



(8)

181



9.1

9.2

9.3

9.4

9.5

9.6

9.7

55

53

6 p 40 2002

no 6 pp 38 39 2002

AS
pp 260 261 2000
AS
pp 284 285 1998
AS
pp 286 287 1998

No 721 VI 57 p 188 190 2002

pp 1 2 2002

182



183



184



1980

AS
AS

11.8m

185



AS

AS

AS

AS

Axial Slide Segment=AS

186

AS

AS
AS

AS AS



24

AS

AS

AS

11.8m

187

AS

AS

AS

6.6m

1002

1/2 2/3

AS



AS

188



1992

1997

189

2001

2003

6

10



1980

190



AS

AS
AS

AS
AS

191

Axial Slide Segment=AS

AS
AS

AS

AS



.
AS
8
9 2
24
4
AS
10

AS
2
2
AS
11.8m
AS
2/3 1/2
1

192

AS

AS

AS

6.6m

1002



SUMMARY

DEVELOPMENT OF HIGH PERFORMANCE DUCTILE SEGMENT
AND ITS APPLICATION TO SHIELD TUNNELING

Shidd tunndling method has been increasing and remarkably developed in its technology to
apply to dl the ground condition and to maintain the sability of the work facein the shield tunneling as
the indispensable method of the tunndl congtruction for urban infrastructure. This development was
due to the development of the shield machine. On the other hand, its seemed that the segment whichis
another important element in the shidd tunneling has not notable developed. The cause are follows.
Generdly saying, the segments were standardized and the concept of the segment was fixed for
effectively carrying out many shield tunneling congtructions.

The congructions for public and aso shidd tunneling were reexamined in their effect or cost
reduction depend on the going down of Japanese economy after the burgting of babble economy’ . In
the congruction of shidd tunneling the better performance of cost , productivity and safety in the
condruction have been severdy required. The most effective and redizable method for the
improvement of the productivity in the shield tunneling congtruction is increasing of efficiency in the
erection of the segment. In the later half period of 1980 years the automated erection of the segment
were tried but there were not remarkable effects. It seemed that the cause of the failure were the
technological difficulty of automated erection of the segment or economica absurdity depend on the
segment with bolted joints.

The am of this research and development is to improve remarkably the productivity in the
erection of the segment made by the spheroidd graphite cast iron (following described as ductile
segment) in the shidd tunneling congtruction by reduction of erection time. And its congdered that
these improvement redlize the reduction of the congruction period and the total cost and advance of
safety. The basic concept in this research is the development of the new segment which have the new
joints with equa performance to the bolt joint method and by this segment the remarkable
improvement in the erection of the segment isredlized.

This paper are composed from ten chapters. Generd outline of these cheptersare asfollows.

Chapter 1 describes the am, the outline and the compositions of this paper. Theam of the paper
is shown as the development of the new ductile segment with high performance in the economy,
productivity and safety .

Chapter 2 introduces the sSituations of the ductile segment in the shield tunneling with its history,
character and the usng examples. The ductile segment has not being developed due to the specid
segment in the shied tunneling .The ductile segment had the short-coming with many bolts for the
longitudind joint, there-fore this segment has low performance of productivity in the erection of the
segment. It seemed that the segment with bolted joints has limit to improve the productivity in the
shied tunneling construction.

In chapter 3, the idea of the new erection method being developed is proposed. Thisideais as
follows. Firgt, the ssgment is rotated with erector and removed to the erection position and second, the
posture of the segment is controlled and then, the segment is removed to the direction of the shaft by
the shidd jack and the erection of the segment is over. This erection method is so cdled ‘one path
erection.” Thissegment isaso cadled as‘ Axid Side Segment = AS segment’. And it isaso described
that the method of pre-setting the joint hardware is absolute condition to improve the performance of
productivity in the erection of the segment .But another Sde, there is technologica problem based on
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the method of pre-setting the joint hardware. The solution of the problem is the main theme of this
research.

Chapter 4 describes about the structure of the circumferentid joint and its performance and dso
above that there is problem by the method of the circumferentid joint built in the segment and its
solution. The joint structure of the circumferentid joint is the wedge shaped as a section of an iron
dumbbell and the wedge is beforehand attached to the circumferentiod joint of the segment. In the
erection of the segment the hole with gradient and dit is inserted to the wedge. This structure of the
circumferentid joint iscaled as*ASjoint’ and wedge iscdled as*AShardware . Next, theinsarting
and tendle test of the AS joint are performed to certify the basic performance of this joint structure.
And based on these test, the method to decide the materid, figure and dimensions are indicated.
Further, in the case of the fixed pre-setting the joint hardware, the problem in the fastening action is
described in detall. Following solutions are shown. A kind of hardware is atached to AS hardware in
order to introduce and optionaly control the prestress for AS hardware and AS hardware is removed
but isfixed. Thishardwareiscaledas * back up hardware * .

In chapter 5 the Structure of the longitudind joint is shown and the result that performance is
satisfied by the basic sructurd test is shown. This joint is fastened by the moving of the segment to
tunnd axia direction. Thejoint of thelongitudind joint iscaled as* Anchor joint’.

Chapter 6 describes the results of the test for the srength and rigidity of the joints. The
circumferetid joint is certified that it has the constant of rotating spring equally to that of the bolt joint
and the longitudind joint is aso confirmed that it has practicd congtant of shearing spring and
expected strength.

Chapter 7 describes about the test of the erection for the segment in the test room. In the test
using the actual segment with AS joints and Anchor joints, AS segment is erected like the concept of
the erection and the aimed prestressisintroduced to AS hardware.

In chapter 8 the method of the design for the joints is described. Congtant of rotating Spring
which is required for caculaion of the cross sectiond force in the circumferentid joint is calculated
with calculating method based on * Murakami-Koizumi 'smethod' .

Chapter 9 describes about two example of the congtruction on the Ste. One was the fird test
congtruction and it was adopted to the shield tunnel for Sngle subway in Teito Rapid Trangt Authority.
Out diameter of the segment is 6600 mm and 24 rings were congructed. Another one was the firgt
actud condruction and it was used to the underground river tunnel in the project 4 of the outer
metropolitan flood control channel. Out diameter of its segment is 11800 mm and 1002 rings were
condructed. In these two congtructions followings were certified about AS segment.

The segment was erected according to the concept of the erection.

The time of the erection was approximatdy 2/3 1/2 compared with the erection time of the
segment with bolted joint.

In the manud erection of the segment, the AS segment were erected with one worker less than the
erection of the segment with bolted joint or in the automated erection of the segment it were erected
without workers of the erection of the segment .

The expected prestress was introduced to the circumferentid joint in the AS segment at the same
time of the end of the segment erection and the prestress has been held long period.

Chapter 10is conclusion. The mgor results of each chapter are described.

As above mentioned, in this study the development of the new joints with high performance in
productivity of the segment erection are shown and its rigidity and strength were certified and
practicdity in desgn of jointsor the erection of the segment were dso clarified.
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