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Eurasian plate

Indo-Australian plate
Rupture zone

(JAMSTEC)

SUMATRA

FAULT MOVEMENT THAT 
GENERATED

THE 2004 TSUNAMI.



TYPE OF FAULTS

DIP SLIP FAULT

NORMAL REVERSE

LATERAL STRIKE
SLIP FAULT

LEFT RIGHT

UPPER

UPPER

LOWER LOWER
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THE MAX. RUNUP OF 
THE 2004 TSUNAMI as high as 49m

(Photo by Okayasu)

(Photo by Sasaki)
The two photos are from HP of Coastal 
Eng. Lab., Yokohama National U.



THE 1946 ALEUTIAN TSUNAMI 30mHIGH



THE LIGHT HOUSE WAS WASHED 
AWAY.

The light house 
was 18 m high.

It stood on the 
ground 10 m 
high above sea
level.



THE 1946 ALEUTIAN TSUNAMI 
SPREAD OVER THE PACIFIC OCEAN

For a tsunami,several 100 km
long, 
the ocean 4 km deep is quite 



THE TSUNAMI ARRIVED AT 
HAWAII.

School children saw  a precedent abnormal tide 
and warned.
No one listened to this warning.

It was on April 1 st .



FAILED TO EVACUATE. 
��� DEATHS in Hawaii.

A waterside worker at the Hilo Harbor.



THREE TYPES OF 
TSUNAMI IN THE 

SHALLOW SEA

IN DEEP SEARAPID TIDE

BREAKING BORE

SOLITONS

Original tsunami height



BREAKING 
BORE 

FRONT 

���� Aleutian Tsunami

1983 Nihonkai-Chubu Earthquake Tsunami
Wind waves decrease its 
height after breaking, 
but…



AN UNDULANT 
BORE,SOLITON, DEVELOPING 

IN THE SEA

The 1983 Nihonkai-Chubu 
Earthquake Tsunami, off 
Oga Peninsula.

A train of short period waves
develops at the front.



Reflection of the first 
wave=Solitons

The second wave= Breaking bore

Second wave

Reflected first wave



Photo by Defense Force

Brea
king bore

Soli
ton

s

A breaking bore and solitons
in the Tokachi River in 2003.
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Focusing due to Refraction



Only two waves.

Seven waves experienced here.

Return toward the 
shore, 

due to refraction 
after reflected from 

the shore.

Turn again.

Wave ray



SHOALING
EFFECT



FOCUSING 
EFFECT



RESONANCE EFFECT

INITIAL WATER SURFACE

FALLING DOWN

WATER SURFACE JUST AFTER 

OCSILLATION BEGINS.

BAY BOTTOM ENTRANCE



TSUNAMI HEIGHT
LOCALLY QUITE DIFFERENT

7.2m
6.1m
4.5m
4.0m

500m
Measured in 1933.



A REASON OF LOCAL 
DIFFERENCE IN TSUNAMI 

HEIGHT (UNIC, FUJITU)



DAMAGED BY WIND, IN 
1993

Water depth: 25cm above the 1st floor.



DAMAGE TO WOODEN JAPANESE 
HOUSES

Destroyed: No structure at all.
Heavily damaged: Major portion of pillars and walls are destroyed or lost.
Half damaged: Pillars remain. A portion of walls is destroyed.
Slightly damaged: Walls are not damaged. Windows are broken.
Inundated: No mechanical damage.

Half damaged Slightly damaged



A ROUGH ESTIMATE OF
DAMAGE TO WOODEN HOUSE

DAMAGE BEGINS AT
V = �� /�� or Force = 1.1t/m

Half damaged
Heavily damaged

Water depth:�� Half damaged
Water depth:�� Heavily damaged



IMPACT OF SOLITONS





SOLITON-LIKE TSUNAMI 
FRONT

(Tokyo Electric Power Company)



PRESSURE DISTRIBUTION FOR 
SOLITON-FRONT



FLOATED MATERIALS:
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A boat “BETTER FORTUNE”
brought misfortune.

Lumbers, once floated,
changed to missiles.
DOMINO EFFECT



IMPACT OF FLOATED 
MATERIALS

Water pressure of bore

Impact of lumber

D & L: diameter & 
length of a lumber

hr: water depth at the
rear-wall



++++++++++++++++

A wooden house 
partially 

damaged by 
boat.

Water depth = 
1.5m



+,- �. �/ 01 23 45 67 87 9
1 :- ;+<= >= ?7 9@ �5 	

AN RC BUILDING LEFT 
AFTER THE 1933 

TSUNAMI

++++ : ++++++ 47++++++

( The Journal of The Institute of Japanese Architects)



TSUNAMI-RESISTANT BUILDING

Messina, Italy in 1908.
Tsunami height=2.9�



TWO BUILDINGS 
IN AONAE, 

1993

Before

After

��������

During



THE TWO 
BUILDINGS 

THAT REMAINED.

This building stopped a house and boats.

Tsunami trace



AFTER THE 1896 TSUNAMI

A large quantity of 
tsunami deposit.

They are xcavating
the buried bodies.

The slide was sold 
in 1896.



Sand deposit above the red line

A SANDY HIL 8 m HIGH built by 
THE 1853 TSUNAMI

Iruma, Minami Izu.



DISASTERS BY TSUNAMIS IN THE 
PAST

• HUMAN LIFE
• BUILDINGS
• STRUCTURES SCOURING, OVERTURNED

• TRAFICS RAILWAYS, ROADS, HARBORS

• LIFELINES WATER SUPPY, ELECTRICITY, 
TELEPHONE, SEWAGE

• FISHERIES BOATS, AQUACULTURE

• COM. & INDUSRTY DETRACTION DUE TO SOAKAGE

• AGRICULTURE PRODUCTS, FARM LAND, 
IRRIGATION CHANNEL

• FOREST PHYSICAL, PHYSIOLOGICAL

• FIRE KITCHEN, HEATING, 
ELECTRIC LEAKAGE

• OIL SPILL SPREAD OF FIRE, POLLUTION
• TOPOGRAPHY EROSION, DEPOSITION



TSUNAMI INTENSITY, PHENOMENA AND DAMAGE



DAMAGE TO 
FISHING BOAT

(1983 TSUNAMI)



++++ TSUNAMI



A LARGE EDDY OF
THE 1968 TOKACHI-OKI 

TSUNAMI



COASTAL DIKE

Funakoshi, Iwate, 1960

SCOUR AT THE REAR-TOE 
BY OVERFLOW OF WATER

Overflow depth

Height of dike



DESTRUCTION OF QUAY WALLS, 
BY RECEDING TSUNAMI

SCORING DUE TO 
FALLING WATER 
THAT HITS THE 
TOE OF 
STRUCTURES, 
EXPOSED ON AIR 
OR COVERED WITH 
VERY THIN WATER.

Water fall of the receding tsunami, in 19690.



SCORING CAUSED BY TSUNAMI 
CURRENT

Max. ebb velocity:13m/s. Max. flood velocity:8m/s.
The toe of a quay wall  -3m was scoured to -9m. 

Hachinohe Harbor hit by the 1960 
Tsunami



The quay wall 
slowly subsided.
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SCOUR DUE TO
THE 1960
TSUNAMI



CURRENT INDUCED BY THE 1960 
TSUNAMI, IN KESEN-NUMA BAY



8 m DEEP 
SCOUR



Protection 
is needed at 
the place of 

current 
concentratio

n.

A reinforced concrete  
bridge remained but 
the road made of soil 
without cover was 
scoured by the 1960 
tsunami.

An underpass of 
railroad damaged by 
the 1933 tsunami.



FIRE caused by TSUNAMI 



TSUNAMI and FIRE assisted by 
IMFLAMABLE MATERIALS

Whittier in 1964

Seward
Whittier
Valdez
In Alaska

Crescent City
In California

Niigata 
In Japan



NIIGATA CASE

Flooded areaBurnt area



FIRST FIRE OUTSIDE 
THE TSUNAMI-AFFECTED 

AREA



Flooded area 
covered by 

the leaked oil



Five hours after the earthquake,
the second fire started from 

unknown origin.



This was the result.



A tsunami has its individuality.

Disaster evolves.


