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Mathivat’s Paper (FIP Note,1988)

Recent developments in prestressed concrete bridges
’ by
Deviator (Co neer, SECOA, Framce)
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Span Length VS Average Depth of Concrete
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Span Length VS Tendon Weight
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Odawara Blueway Bridge (1994)

270 000
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Development of Saddle & Extradosed Cable System

v No saddle system was available.

v New saddle system fixed at both ends was developed.
v Epoxy coated strand was used as extradosed cables.

SADDLE AND ANCHORAGE

High Strength HDPE
Cement Grout

Polymer Cement Grout
FRP Sheathing
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Development of High Damping Rubber Damper

v’ After Odawara, HDR damper was widely used all over the world.
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Development of High Damping Rubber Damper
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Tsukuhara Bridge (1997)
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Fretting Fatigue Test of Saddle

ZE, 1000 ® : First observed wire fracture
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‘é AASHTO C ¥ : 5% of the wires in the tendon had fractured
8
g
7 N
én N> =
g 100 YX
£ o
Z
of] = T ar i -
g E 4:)\\'\ Regression line for first fracture of grouletm
s ]
) : Tie—
£ Proposed design formula for fretting fatigue strength 2
i 10t P ol A6 < 50N/mm
Z 10° 10° 10 10°

Number of loading cycles : N

540

2460

Presstressing strands

II.LI o vy Z L m J 'II.LI l.\.ll
_1000 | 4000 1000 _
Seminar in BUT / Budapest / 19 September 2019 a SUMITOMO MISTUI CONSTRUCTION

Ibigawa Bridge (2001)
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Construction of Ibigawa Bridge

Lifting of Stell Girder
2000
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Shin-Meisei Bridge (2004)

294 321
122 340
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Development of Steel Box Anchorage for Pylon

| Concrete after Completion |

AL
E )

Horizontal Tension  : Steel
Vertical Compression : Steel & Concrete
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Himi Bridge (2004, Corrugated Steel Web)
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Stay Cable Anchorage in Girder

Steel Diaphragm of Himi Bridge for Corrugated Steel Web
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Half Size Model Test

Extradosed Cable

Bearing Bram

10
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Test Results
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Fudo Bridge (2010, Composite Truss)
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Test for Truss Connection (Half Size)

Stay Cable Force

2873
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Perforated Dowell Connection
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Re-bar Connection
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EDB with Composite Truss Girder
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EDB with Composite Truss Girder

Seminar in BUT / Budapest / 19 September 2019 eﬂ} SUMITOMO MISTUI CONSTRUCTION

EDB with Composite Truss Girder
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Axial Forces in Truss

Bridge Type Axial Force

(A) Girder Bridge (max.span : 43m)

161000 10400
39500 43000 __ 43000 35500

Average thickness of concrete t=370mm

(B) Extradosed Bridge (max.span : 120m)

264000
72000 + 120000 + 72000 12300

%g

Average thickness of concrete t=440mm
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Axial Forces in Truss

Bridge Type Axial Force

(C) Extradosed Bridge (max.span : 250m)

§70000
160000 - 250000 - 160000 17000

T

Average] Composite truss can make
axial forces constant in all
span range!

160000 320000 160000 19700

Average thickness of concrete t=380mm

2500 2500

(D) Cabls
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Mukogawa Bridge (2016)
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Mukogawa Bridge (2016)
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Structural Behavior of Butterfly Web Bridge

v Structural Behavior of Butterfly Web = Double Warren Truss

Tension l Compression
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Construction of Mukogawa Bridge
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Effects of the Extradosed Structure with Butterfly Webs

Basic design (101 segments)

Pier head Closure
_ 14300 HS@#-OOOH 6@3500  6@3000 15000 _ S@3000  4@3500  5@4000 ;‘_1?03
o1
g gl
i { ot
@ e N
QZ/ [ 15 segments for cantilever erection ] [14 for cantilever erection
51000 49000
Jd l/P—4\ L J
N
Detail design (54 segments)
Pier head Closure
16360 _ 8@6040=48320 16240 8@6040 = 48320 5240

=3

(=]

=] S

O ]

[8 segments for cantilever erection]
48320

v" Number of days required for cantilever construction reduced.
v The weight of superstructure was reduced up to 20% from the basic design.
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Effects of the Extradosed Structure with Butterfly Webs

v" Total weight of super- and
sub-structures was reduced
by about 35%.

Basic design

1 ] & 1 2
leemmm=m=-l _ ] ) e~ P P
X Bridg 42200 4 442200
= 10800 Longitudinal Transverse

(temporary) (temporary)

Natural period

Basic plan (s) 1.59 2.90
Detail design (] 2.29 3.82
] Detail design
14000
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Effects of the Extradosed Structure with Butterfly Webs

Improved seismic performance

9.0 2.5E+06
8.0 |+ m Basic design H Basic design
70 M Detail design 2 OE+06 - M Detail design
6.0 _
§ 5.0 ; 1.5E+06
L =
4.0 S 1.0E+06 -
3.0 A
2.0 4 5.0E+05
i
0.0 - 0.0E+00 -
P4 P3 P2 P1 P4 P3 P2 P1
Ratio of each pier with P3 as 1.0
Ratios of flexural rigidity (EI) Bending moment at the bottom
to height (h) of the piers of the piers
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Construction of Piers
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Construction of Superstructure
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Tower Detail

Steel plate
(t=100mm)
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i
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Mukogawa Bridge

Seminar in BUT / Budapest / 19 September 2019 é; SUMITOMO MISTUI CONSTRUCTION

Specifications for CSB & EDB by JPCI

(2009) (2012)

e

PCHI5RAS -
IOANSKE—XRR

PCIRMEU—X

Specifications for Design and
Construction of
Cable-Stayed Bridge and Extradosed Bridge

2012

L .
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Allowable Stress of Stay Cables
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EDBs have been extended after Odawara

22
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US Mission for EDB

=
Extradosed Bridge
Technology in Japan
and the New Pearl Harbor
Memorial Bridge
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Development of Cable Stay Anchorage (Concrete Type)
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Development of Cable Stay Anchorage (Single Steel Plate Type)

3400

Steel plate t=100mm

1450

Bar $32mm
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Development of Cable Stay Anchorage (Double Steel Plate Type)

Steel plate t=40mm
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Development of Cable Stay Anchorage (Advanced Steel Plate Type)

3590
Steel plate t=40mm 1365
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New Saddle (Chao Phraya River Crossing Bridge)
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Future Application of Butterfly Web Bridge

500m multi-span cable-stayed type
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Future Application of Butterfly Web Bridge

multi-span extradosed type

500000 500000 250000
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4000, F
20000,

v'30% Opening leads to good
performance in wind tunnel test.
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Wind Tunnel test

Girder Configuration

Cross Section Side View
, 30000 L /3000 3000,3000 3000
S E — - - - u X
e — i == —
. S 150 1ol
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e 7 # Ea
15000 (unit: mm) .
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Ea # # # ~
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Wind Tunnel Test Setup (1/100)

Photo *Kyoto University

- Girder Heaving 1°* Mode : 3.13 sec
- Girder Torsional 1t Mode : 1.47 sec
- Logarithmic Decrement : 0.004
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Flexural Vibration Test

2Ap 2Am 2Ap 2Am

[mm] fmm] [mm] fmm]

100010 : — 100010 - —

900 9 — With excitation Jl 900 9 —— With excitation

800 8 = Without excitatio 800 8 = Without excitation

700 7 700 7

600 6 600 6

500 5 500 5

400 4- 400 4

300 3 300 3

iR i

ooclttIIIII[ Um 00 -+ + s ¢33 3t 1 Un
01234567891011125“1'5] 0123456789101112[814’51
0 10 20 30 40 50 60 70 [Ys] 0 10 20 30 40 50 60 70 [mVs]
Conventional Web Butterfly Web

No vortex shedding
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Torsional Vibration Test

10 10
9 —— With excitation 9 - With excitation 'L
_8/ = Without excitation ? “* Without excitatio
& 6 H 2 6
T 5 i i z 3 ;
< 4 <
7 i 7 ;
0...)"5.! : : Um 0.&“..3:: Um
O123456789101112[Lr}1n’51 0123456789101112[{}#51
0 20 40 60 80 100 120 [mis] 0 20 40 60 80 100 120 [mis]
Conventional Web Butterfly Web
Torsional Vibration : 2 degrees Torsional Vibration : 1 degrees
25m-sec 25m-sec
Torsional Flutter : 60m-sec Torsional Flutter : 90m-sec
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Conventional Box Girder
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Butterfly Web Girder
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Stay Cable Stress Change due to Live Load

v Structural behavior can be simulated by NLFEM
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Comparison of Material Quantities

CSB EDB
Concrete Girder md® 48900 43700
Pylon m?3 18500 14400
Rebar ton 15960 13410
Prestressing steel ton 259 261
Stay calés ton [ 6030 6300 |
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Future Application of Butterfly Web Bridge

800m-span hybrid cable supported bridge (Extradosed + Suspension)

® 1300000 &
250000 L=800000 L 250000
/22244000 Len/2=244000 | &
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l 19712000=226000 Lﬁm_ 18212000=21600012000  25812000=300000 12000 18212000=216000 44000 1931200022800 J
i ‘

Effective width 30000

A 14000 (2000) 14000
Roadway Roadway

2050 30325010600 1260 (1250 343250=10500 2250

I T I

4 Structure gauge 1300 ‘ Structure gauge ly

\ 7
\ 150 /
1y 250} L
6250 5500 60|
Lm0 | 18000 1 0 |

250 6450 300
—
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Comparison of Material Quantities

Unit Case 1l Case 3

Stay Cable t 2,873 2,536
Main Cable t 11,170 5,639 i I A i
Hanger t 55 29 04 oo
PC tendon t 541 505 PP IS I
Total t 14639 8,709 ERCHS
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Concluding Remarks

» The extradosed bridge enables engineers to apply consistent design
principles to cable-stayed bridges and ordinary girder bridges.

» Proposed stay cable design method is effective in consistent design
approach.

» The extradosed bridge greatly increases the degree of freedom for
the design of cable-supported structures.
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