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Damage of steel bridges Damage of steel bridges 
in the earthquakein the earthquake

Outline of Outline of damagedamage in the Kobe in the Kobe 
EarthquakeEarthquake
 Classification of damage of steel piers of Classification of damage of steel piers of 

Hanshin ExpresswayHanshin Expressway

Ref [Nishikawa et al. : AN EXPERIMENTAL STUDY ON SEISMIC RETROFIT OF STEEL 
BRIDGE PIERS, US-JAPAN BRIDGE WORKSHOP] 

Outline of Outline of damagedamage in the Kobe in the Kobe 
EarthquakeEarthquake
 Classification of damage of superstructures of Classification of damage of superstructures of 

Hanshin ExpresswayHanshin Expressway

Ref [K. KAWASHIMA and S. UNJOU :INPACT OF HANSHIN/AWAJI EARTHQUAKE ON SEISMIC 
DESIGN AND SEISMIC STERNGHENING OF HIGHWAY BRIDGES, J. Struct. Mech. / Earthquake 
Engrg., JSCE, No.556/I-38, pp.1-30] 

Damage of steel bridges Damage of steel bridges 
piers piers (Rectangular section)(Rectangular section)

Collapse of steel bridge Collapse of steel bridge 
pierspiers

 IwayaIwaya crossingcrossing  TateishiTateishi

Failure mechanism of highway Failure mechanism of highway 
bridges at bridges at TateishiTateishi
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Failure mechanism of highway Failure mechanism of highway 
bridges at bridges at TateishiTateishi

Ref [. Ministry of Construction:: Report on the damage of Highway Bridges by 
the Hyogo ken Nanbu Earthquake, Committee for Investigation on the 
Damage of Highway Bridges caused by the Hyogo-ken Nanbu Earthquake]

Failure mechanism of highway Failure mechanism of highway 
bridges at bridges at IwayaIwaya

Ref [. Ministry of Construction:: Report on the damage of Highway Bridges by 
the Hyogo ken Nanbu Earthquake, Committee for Investigation on the 
Damage of Highway Bridges caused by the Hyogo-ken Nanbu Earthquake]

Damage of steel bridges Damage of steel bridges 
piers piers (Circular section)(Circular section)

Damage of steel beiges Damage of steel beiges 
piers piers (Circular section)(Circular section)

 Elephant foot bucklingElephant foot buckling

Beam-to-Column Connection (Kobe Harbor Highway)

Brittle Fracture

Brittle Fracture

Damage Cases in HyogoDamage Cases in Hyogo--ken ken NanbuNanbu
EarthquakeEarthquake

P75 Pier
3.  Circular Pier

Local 
Buckling and 
Crack

thickness 
changing point

Local 
Buckling

Material Tests

Damage Cases in HyogoDamage Cases in Hyogo--ken ken NanbuNanbu
EarthquakeEarthquake
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Shear Buckling of beam Shear Buckling of beam 
membersmembers

 Steel rigid frame pierSteel rigid frame pier

Damage of anchor boltsDamage of anchor bolts

Damage of jointsDamage of joints Damage of superstructuresDamage of superstructures

Damage of superstructuresDamage of superstructures Damage of superstructuresDamage of superstructures

 Buckling of lateral bracingBuckling of lateral bracing
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Damage of superstructuresDamage of superstructures

 Buckling of upper lateral bracingBuckling of upper lateral bracing

 RokouRokou--Island BridgeIsland Bridge

Damage of superstructuresDamage of superstructures

 Damage of surroundings of bearingsDamage of surroundings of bearings

Damage of bearing supportsDamage of bearing supports

 Damage of bearingsDamage of bearings

Damage of superstructuresDamage of superstructures

 Plastic deformation of steel cablePlastic deformation of steel cable

Damage of bearing supportsDamage of bearing supports

 Steel rigid frame pier Steel rigid frame pier 
of railway bridgesof railway bridges

Damage of bearing supportsDamage of bearing supports
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Brittle failure of beamBrittle failure of beam--toto--
column connectioncolumn connection

 Steel rigid frame pier of harbor highway bridgesSteel rigid frame pier of harbor highway bridges

NiigataNiigata--ken Chuetsuken Chuetsu--okioki
EarthquakeEarthquake

Ref [National Institute for Land and Infrastructure Management: 
Report on Damage to Infrastructure and Buildings by the 2007 
Niigata-ken Chuetsu-oki Earthquake, Technical Note of National 
Institute for Land and Infrastructure Management, No.439, 2008.]

http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn0439.htm

Damage at Damage at YonahimeYonahime bridgebridge Damage at Damage at YonahimeYonahime bridgebridge

Damage at Damage at AgewaAgewa bridgebridge Damage at Damage at YoneyamaYoneyama bridgebridge
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Damage at Damage at YoneyamaYoneyama bridgebridge Damage at Toyoda bridgeDamage at Toyoda bridge

Cause Identification of Fracture in Cause Identification of Fracture in 
Steel Pipe Column of Pedestrian Steel Pipe Column of Pedestrian 
BridgeBridge

Fractured Pedestrian BridgeFractured Pedestrian Bridge

P1

Location of FractureLocation of Fracture

 

Cracks and Damage in Cracks and Damage in ‘‘P1P1’’
ColumnColumn

 

  

E-rib W-rib 



7

Damage in SuperstructureDamage in Superstructure
Examinations for Cause Identification of Examinations for Cause Identification of 

FractureFracture

 

Luder’s Bands

Damage in Superstructure

The possibility that the fracture may 
have been caused by Car Crash

Following examinations were 
conducted

･Observation of crack surfaces

･Chemical analysis, Charpy V-notch 

impact tests, Vickers hardness tests

･Stress (Strain) measurements

Visual Observation ( EVisual Observation ( E--rib )rib )

Origin of fracture 

Outside

Inside

 
E-rib 

Origin of fracture 

SEM Observation ( ESEM Observation ( E--rib )rib )

 

(×3,000)

Visual Observation ( WVisual Observation ( W--
rib )rib )

 
W-rib

Crack 

Crack surface

SEM Observation ( WSEM Observation ( W--rib )rib )

(×3,000)
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Chemical AnalysisChemical Analysis

 C Si Mn P S

Base Metal 0.20 0.009 0.49 0.010 0.015

SS400 (JIS) - - - <0.050 <0.050

STK400 (JIS) <0.25 - - <0.040 <0.040

･Chemical components of the fractured pipe column 
satisfied those specified in JIS at that time  

Vickers Hardness TestsVickers Hardness Tests

･The tensile strength estimated form 158 HV was 
510MPa that satisfied the tensile strength of 
SS400 at that time.  

 Average Value

146 151 160 173 162 158

Measured Value (HV)

CharpyCharpy VV--notch Impact notch Impact 
TestsTests

 Temperature
Absorbed

energy
Percentage

brittle failure
(°C) (J) (%)

0 10 95

0 6 95

0 4 100

0 6 100

Direction that test
specimens were
removed from

Perpendicular to
circumference

Circumference

 

Stress ( Strain ) Stress ( Strain ) 
MeasurementsMeasurements

E-rib W-rib
 

 

10mm

E-ribW-rib

Cases of strain measurements

･Case 1: Traffic of vehicles

･Case 2: 1 pedestrian’s walking

or running

･Case 3: 3 pedestrians’ walking 

or running

Measuring point 
of strain

Strain Response and Stress Range Strain Response and Stress Range 
Histogram by BusHistogram by Bus

Strain Response Stress Range Histogram

Strain Response and Stress Strain Response and Stress 
Range Histogram by 1 PedestrianRange Histogram by 1 Pedestrian

Strain Response Stress Range Histogram
( Running )

( Walking )
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Strain Response and Stress Range Strain Response and Stress Range 
Histogram by 3 PedestriansHistogram by 3 Pedestrians

Strain Response Stress Range Histogram

( Walking )

( Running )

Strain Response and Stress Range Strain Response and Stress Range 
Histogram by 5 PedestriansHistogram by 5 Pedestrians’’
JumpingJumping

Strain Response Stress Range Histogram

 

Center Side A Side B 

Strain (μ) 

Time (Number of measured data)
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Estimated Mechanism of Estimated Mechanism of 
FractureFracture

 Fatigue cracks originated form welding Fatigue cracks originated form welding 
cracks at poor welding.cracks at poor welding.

 Fatigue cracks propagated by the Fatigue cracks propagated by the 
stress under the service condition and stress under the service condition and 
crack length reached a certain length.crack length reached a certain length.

 The serious fracture was caused by The serious fracture was caused by 
car crash.car crash.

Retrofit for FractureRetrofit for Fracture

  E-rib W-rib Stop hole Stop hole 

Removed pieces in cracked area 

Fracture Fracture 

 
E-rib W-rib 

Pedestrian Bridge after Retrofitting and Pedestrian Bridge after Retrofitting and 
RepaintingRepainting
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