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Does a Catfish Develop an Earthquake?

1. What Types of Damage of Urban

Infrastructures Did We Have in Past?

1.1 Damage resulting from ground vibration

1.2 Damage resulting from ground deformation
and failure of soils

1.2.1 ground deformation

1.2.2 Slope failure and rock falls

1.2.3 Effect of soil liquefaction & lateral

spreading

1.2.4 Insufficient bearing capacity of loose clay
1.3 Damage resulting from fault displacement
1.4 Damage resulting from tsunami
1.5 Damage resulting from fire

Old Japanese believed that an
earthquake happens to take
place when a large catfish in

Shrine

Knowing what damage we had
in the past is the best way to
mitigate the similar damage in
the future.

We need a good insight to
avoid damage which we have
not yet experienced.

Kazuhiko Kawashima, 1995

1.1 Damage Resulting from Ground

Vibration

®Damage resulting from the direct effect of inertia
force

®Most common type of damage due to an
earthquake

®Extensive research has been conducted to
mitigate this type of damage.
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1989 Loma Priest, USA, Earthquake
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1.2 Damage Resulting from
Deformation and Failure of Soils

1.2.1 Damage Resulting from Ground
Deformation

oGround deformation in this section implies the
deformation due to seismic response of ground.
Ground deformation due to surface ruptures of
ground is treated separately.

e®Since foundations and underground structures
are subjected to earthquake ground deformation,
this effect is important for foundations and
underground structures.

Collapse of Daikai Subway Station
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Subsidence of
Road Surface

Failure Mechanism

Failure of a sewer shield
tunnel was resulted from
_torsion due to different

. response of a tunnel and
~a ventilation tower

1.2.2 Damage resulting from
Slope Failure and Rock Falls

Failure of Water Pipes Resulting from Ground Motion
Effects

Failure Resulting from
Slope Failure




Damage Resulting from Failure of Mountains

A atozawa

(1) 1964 Niigata, Japan, Earthquake

Showa Bridge

Gomyoko bridge suffered
limited damage

1.2.3 Damage Resulting from

Soil Liquefaction

Uplift of a gas storage tank
1983 Nihon-kai-chubu, at a gas station
Japan, Earthquake (2) 1=

Settlement of an electric pole




Failure of road pavement resulting from lateral spreading (3) 1992 Cairo, Egypt, Earthquake

1983 Nihon-kai-chubu, Japan, Earthquake

A large sand bulb developed at Nile River Delta

1.3 Damage Resulting from
Fault Displacement

(1) 1888 Nobi, Japan Earthquake (3) 1999 Dutze, Turkey

Earthquake

(2) 1906 San Francisco Earthquake,
USA

Midori Fault




Collapse of Arifiye (4) 1999 Chi Chi Earthquake, Taiwan
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Fault Dislocation around Bei-Fong Bridge
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Shikang Dam
1999 Chi Chi, Taiwan, Earthquake

Damage of a tunnel
1999 Bolu, Turkey earthquake

(5) 1999 Bolu Earthquake, Turkey
Bearings already drifted

1.4 Damage Resulted from Tsunami




(1) 1992 East Flores Island Earthquake, Indonesia -

Damage Resulted from Fire After
an Earthquake

San Francisco, (2) 1923 Kanto Earthquake, Japan

Fire tornado
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Summary of Chapter 1

1. Seismic effects include at least 1) ground
vibration, 2) ground deformation, 3) fault
displacement ( ), 4) tsunami and 5) fire.

2. In addition to the above five effects, there are
many other effects, such as 1) generation and
propagation of functional damage, economical
effects, and mental damage.

3. Because the five effects in 1. results in various

damage in 2. it is essential to mitigate damage in 1.

4. Seismic isolation and response modification
technology aim of mitigating damage due to ground
vibration.
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