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What types of damage do we have to urban
infrastructures?

®Damage resulted from ground motion effect

®Damage resulted from failure of soils
v'Slope failure and rock falls
vEffect of soil liquefaction
v'Effect of bearing capacity of loose clay

®Damage resulted from fault

®Damage resulted from tsunami

®Damage resulted from fire

1988 Armenia Earthquake

Damage Resulted from
Ground Motion

1992 Cairo, Egypt
Earthquake (M5.4)




1989 Loma Priest, USA, Earthquake

Damage Resulted from Ground Motion Effect

Damage Resulted from Ground Motion
1995 Kobe, Japan, Earthqujake

Damage Resulted from Ground Motion Effects

Collapse of Daikai Subway Station
1995 Kobe3, Japan, Earthquake
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Failure of a were shield
tunnel resulted from
torsion due to different
response of a tunnel and
a ventilation tower




Damage Resulted from Ground Motion Effect
2008 Wenchuan, China, Earthquake
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Failure of Water Pipes Resulted from Ground Motion
Effects
1994 Northridge, USA, Earthquake

Collapse of a Student
Dormitory

2009 La Aquila, Italy,
Earthquake

Failure of RC columns

Bricks
: “with poor concrete

Failure Resulted from
Slope Failure g
1984 Nagano-ken-seibu [
Earthquake, Japan

Damage Resulted from Failure of Mountains
2008 Iwate-Miyagi, Japan, Earthquake

2008 Wenchuan,
China, Earthquake




Collapse of bridges resulted from soil liquefaction
1964 Niigata, Japan, Earthquake

Unseating prevention system was

. firlst developed fr&r_nd hi mage

Showa Bridge

Damage Resulted from
Soil Liquefaction

1983 Nihon-kai-chubu,
Japan, Earthquake

Gomyoko bridge suffered
limited damage

Uplift of gas storage tank
Damage Resulted fr5om at a gas statio
Soil Liquefaction =
1983 Nihon-kai-chubu,
Japan, Earthquake

Settlement of an electric pole
.\._ J v :.'

Failure of road pavement resulted from land
movement due to soil liquefaction
1983 Nihon-kai-chubu, Japan, Ea

A large sand bulb developed at Nile River Delta
1992 Cairo, Egypt, Earthquake

Surface Fault Displacements

Midori Fault, 1888 Nobi,
Japan Earthquake

1906 San Francisco, USA,
Earthquake




Fault effect Failtre of a'water
1999 Bolu, Turkey earthquakdss 4 .
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Arifiye Overbridge
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Fault Dislocation around Bei-Fong Bridge

Fault

Fault
Affected
Ground
Movement




West
Downstream

Damage Resulted from Surface Fault Displacement

Shikang Dam
1999 Chi Chi, Taiwan, Earthquake

1999 Bolu Earthquake

Bearings already drifted
rom their pedestals

Several bridfies

Column Rotation|

Dislodgement of
bearifngs from pedestal




Damage resulted from Tsunami
1992 East Flores Island Earthquake, Indonesia

Damage of a tunnel
1999 Bolu, Turkey earthquake

Damage resulted from Fire after an Earthquake .
1923 Kanto, Japan Earthquake Damage resulted from fires

1906 San Francisco, USA, 1995 Kobe, Japan,
Earthquake Earthquake
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