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Introduction

Bridge Management
system

Inspection, evaluation
and maintenance

Fatigue of steel members
Stress measurement and
Bridge Weigh-in-Motion
Retrofitting, example

of orthotropic steel
deck

Corrosion and anti-
COorrosion measure
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Retrofitting

Arch Bridge

Pier and girders
Orthotropic Steel Deck
Other




Meishin Expressway: Nagoya to Kobe

rne TIrst express
Econornical struciu
Flnanced frorn tn

Tunnel in both sides.
NR1 and train trucks underneath.
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Arch Bridge with skew of 62 degree
ADT: 83,000 vehicles.
Minimum disturbance to traffics.
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Modification was made in 13 nights.




Deterioration

1. Concrete deck

16 cm thick concrete slab
Reinforced with steel plates

2. Fatigue crack

Cross beams, stringers, short
vertical members and others



Shimo-ueno Viaduct, 1963
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Left route | Rehabilitated Shimo-ueno

AR N5 Eh M Viaduct

Old Shimo-ueno Viaduct

Tanaka Prize, 2005
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Fatig'ue test at T, U {DEIft, Tihe Netherlands
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Typical fatigue cracks observed in Japan
Vertical Stiffener to deck plate Butt weld of trough rib

\ [

Deck Plat¥

Type-1
Trough Rib to Deck
Plate Connection

Type-5
Vertical Stiffene
to Deck Plate ‘

\\\‘\,\ ] \ =
Y \
Vertical Stiffener Cross-Beary

in Girder Web

Q

Type-6
Cross-Beam to Main
Girder Web Connection

Type-2

Butt Joint of Trough Rib/ \Lersection of Trough

Rib and Cross-Beam

Trough rib to deck plate

Courtesy MPE Fillet weld of trough rib
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Courtesy HEX




Crack from trough rib to deck plate

Deck Plate ~ Type-1
Type-s | SN NN Trough Rib to Deck

to Deck Plate i Gl Plate Connection

1PN Pt
Vertical ﬁner Mdingggier Web Cross-Beary
)

Type T 5 Type-3
Cross-Beam Main Butt Joi ty??l: h Rib Intersection of Trough
Girder Web Connection utt Joint ot 1roudn RID- oy and Cross-Beam

Difficult to inspect, damage to asphalt pavement,
and danger to traffics.
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June, 2004




FEM Analytical Model of Full Scale Test Specimen

472043 Nodes

Solid Model 376866 Elements
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Moving wheel testsiof OSD without




Tenpaku Bridge

.~ Constructed in 1984

2003 deterioration of
asphalt pavement, then
fatigue crack was found

Courtesy of Nagoya City




FaijejLe el frorr rogi i0)6lele plaf

R .\,'gll G
.
r?{\': = ."; L R

A S







GVW measured by BWIM
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Ya Samol Fatigue frracture surface of crack from root




: - Relf;abllltatlon of deck crack
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Courtesy Nagoya City




Case 2: Fatigue cracks in butt weld of ribs

Crack 1n butt weld with
backing bar

Deck Plate Type-1
Trough Rib to Deck

Plate Connection

Type-5
Vertical Stiffener
to Deck Plate NP

Cross-Beay(

Type-2
Butt Joint of Trouah Rib

Type-3
Intersection of Trough
Rib and Cross-Beam

Courtesy of MEX



AK Bridge: Fatigue crack in butt weld of ribs
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Truss 1958

Box girder 1978




Fatigue crack: at butt,weld of trough rib




Repair and rehabilitation (plan)

Plate attached with one-side bolts. 'j J
Ishikari Kako Bridge e < -

Gauging and re-welding
( Honshu-Shikoku B.A. )
(Fatigue test data

Replace whole cracked part with
new members.




Fatigue tests of butt weld of trough rib
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Gauging and re-welding cracked part

S Bucking bar

I o

Arc air gauging

Overhead position

~ 49 . g>5mm

A

Check root gap, g




Gauging and re-welding cracked part
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CO2 welding with Ar
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Two or three passes
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ere re-welded.

Importance of
Information transfer and
training of welders

Steps

1. Gauging

2. Check of root gaps.
3. Re-welding

4. NDT



Case 3: The upper end of vertical stiffeners

Vertical stiffener end

Deck Plate Type-1
Trough Rib to Deck

Plate Connection

Type-5
Vertical Stiffene
to Deck Plate

Vertical ﬁner

Type-6
Cross-Beam to Main
Girder Web Connection

Main Girder Web \

Q)

Courtesy of MEX
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Repair with high strength bolted splices
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Fatigue tests

Circular cut out to ease Kt

3 il

Courtesy Topy
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Proposed repair method with circular hole

Ease stress concentration
with circular hole. Hole
saw was used.




Proposed repair method

No crack - Circular hole
Small crack — Circular hole

Medium crack - Circular hole
+CFRP sheet?
Large crack - Circular hole
+CFRP sheet?
Penetrated crack - splice plate
Asphalt pavement to SFRC




To reduce overloaded trucks, warning system

BWIM to measure GV\W,

then to warning system

—)

Reduce illegally
overloaded trucks
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Courtesy Aichi Pref. and PC




Nagoya Expressway under construction




New approach to strengthen pavement

Nagoya Expressways used SFRC with asphalt
pavement in 1980s in experimental bases.

The SFRC was placed on a new orthotropic steel decks
under construction in 2007.




'Stall studs weldea







Basic fatigue test for orthotropic steel deck

Shear connectors

1 N FAE N 1.




