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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-
corrosion measure

1.

2.

B

Fatigue cracks observed
In steel bridges

~atigue tests and physical
pehavior of fatigue crack
propagation

~atigue design
Evaluation of fatigue life
Fracture mechanics

analysis of fatigue crack
propagation




Fatigue tests

Large scale fatigue tests

Actual structural components =

Model tests

Small scale fatigue tests

Fatigue tests in plate bending




of cable-stayed girder
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Fatigue tests of bas

Removed from sign poles




Moving-wheﬂﬂmﬂ ading tests




Measurement of fatigue crack growth

-----

Fracture mechanics analysis



Fracture surface

race of fatigue crack propagation
e Beach marks by visual inspection
e Striation by SEM




Ircular crack emanating from blowhole




iracks emanating from combined attachment
' Out-of-plan gusset and fillet welded ribs

Fillet welded ribs
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Tensile fatigue testing machine (1971 2005

Tensile plate with fillet welded
pipes



Mechanism of Crack Detection Paint
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Fatigue crack

Specimen

Size of micro capsules 80 ~ 120pm

Micro capsules are broken when cracks initiate and propagate.
Dye in micro capsules make cracks visible.




Crack detection paint and beach marking

33% N;
N= 374 (=<103cycles) N/N;=33% P165N

Cracks initiate from multiple locations at weld
toe and propagate to the thickness direction

g . Crack

* B |
Yamada and Nakano, 2005
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Fracture surface

Crack propagation direction




Base of fatigue of weldments

Three factors in fatigue of weldments
e Structural Detall

e Stress Range
« Number of Cycle
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Structural Detalls
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Structural Detalls

Stress Range [MPa]
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Fatiqu_Dm.iﬂ.n_fm’ CA
| Stress range : 30 MPa
30C

Number of cycles : 1000 cycle/day

¥
S

;
I

N
o
()

— s

Fatigue life : 4.5x106 cycles for H
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10d Life : 4. 5x106 /1000/365=12 years
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Stress range : 22 MPa 3 Reduce
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Faﬂgue_Dmm.n_fnLCA _
Stress range : 30 MPa 3 Modify

Number of cycles : 1000 cycle/day Detall
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Improving fatigue strength by rounding
gussetends
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Fatigue strength improvement
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Fatigue Design Procedure

Give loading

Give truck type, their weight and volume.
Alternatively use an equivalent truck.

. Analyze to determine stress ranges at point
where fatigue life Is assessed.

Determine detail category, A-H’, for the detail.
Check If computed life is over design life.

If life Is less than design life, modify detalil to
meet fatigue design requirement.
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Typical details used for box girder W
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Classification of joint

BS5400 Part 10 Fatigue 1985
AASHTO

Fatigue design recommendation for
welded structures, JSSC 1993

HW
Eurocode3

Fatigue design recommendation of
steel highway bridges, JRA 2002
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Fatigue Design Recommendation of Highway Bridge, 2002
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