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1. INTRODUCTION

Japan has suffered from disasters caused by storm
surges and waves because she is surrounded by seas
and located on the tracks of typhoons. The
characteristics of storm surges in Japan are described in
the paper. The past countermeasure projects against
the storm surges are reviewed as an example of storm
surge projects in Osaka. Future countermeasures are
discussed through the recent storm surge disasters.

2. Past Storm surge disasters

The past major typhoons which caused big disasters in
Japan are listed up on Table 1. The table shows that the
big disasters took place in the three major bays of Tokyo,
Ise and Osaka, and in the seas of Ariake and Suou. It
also shows that the occurrence of these typhoons is
divided into two periods before 1961 and after 1999.

This concludes that the typhoons in the period between
1961 and 1999 have relatively small magnitude and
create calm sea. The most miserable disaster was
caused in the coastal area of Ise Bay by Typhoon No.15.
The typhoon has been called Ise-Wan Typhoon since the
disaster. After the disaster a permanent
countermeasure project was established for each major
bay. In the project storm surge barriers in each major
bay were designed under the assumption that a big
typhoon with the magnitude same as that of Ise-Wan
Typhoon passed through on the track of the typhoon
which caused the past highest storm surge in a bay of
interest.

Table 1 Past typhoons which much affected Japan

IName of typhoon Places IAnomaly (cm)|Death Inundated houses
[Taishou 6th (1917) [Tokyo Bay 230 1,127 302,917
Muroto (1934) [0saka Bay 310 2,703 401,157
[Sou-Nada (1942) [Sou-Nada 1160 891 132,204
Makurazaki (1945) Kagoshima Bay >200 2,076 217,326
bane (1950) |Osaka Bay 240 308 301,919
Ise-Wan (1959) (Ise Bay 1345 4,697 363,611
2nd Muroto  (1961) |Osaka Bay 241 194 384,120
[Typhoon 10  (1970)[Tosa Bay 235 12 40,293
fyphoon 18 (1999) ?:gu'\‘sﬁ?o&sea 211 3o 18,001
fyphoon 16 (2004) ﬁfr‘]‘; Emmu) 160 16 44,935
fyphoon 18 (2004) (sl_fi‘r% ;’ﬂfn’:g)sea 180 22

3. History of Countermeasure Projects for
Mitigation of Storm Surge Disasters in Osaka
The coastal area of Osaka bay was much damaged in
1934 by the attack of the storm surge and waves
generated by Muroto Typhoon. Though a project for
countermeasure was started after the disaster, the project
was not executed smoothly because of the plunge of
Japan into the world war and the ground subsidence due
to pumping-up of underground water.
In the waste state by the war Jane typhoon attacked
Osaka and generated a large storm surge though the
storm surge was smaller than that by Muroto Typhoon.
Figure 1 shows the inundation area which reached to
30% of Osaka. A recovery project from the damage was
established and seawalls were constructed along the sea
front. However, the crowns of the seawalls went down

by 0.4 to 0.8m from their original levels because of the
ground subsidence. The reduced potential of the seawall
protection enlarged the inundation damage in the
following storm surge induced by Second Muroto
Typhoon in 1961. However, fortunately the loss of
human lives could be avoided because the fear of storm
surge forced people in Osaka to refuge to safety places.
Information of the storm surge reminded the people of the
miserable storm surge disaster in Nagoya by Ise-Wan
Typhoon of just two years before.

Fig.1 Inundation area due to Jane Typhoon in 1950

After the second Muroto Typhoon, more compulsory
enforcement of the law which prohibited pumping-up of
the underground water could stop the subsidence of the
ground. The permanent countermeasure project against
storm surge for Osaka was established in 1967, and has
almost been completed. However, it is disclosed that the
barriers constructed in early stage of the project have
become old for work and have not been designed with
sufficient quake-resistance.

4. Future Measure against Storm Surges

Storm surge disasters were much reduced in the three
major bays by the execution of the permanent
countermeasure project. However, storm surge disasters
have recently occurred in different bays from them.
Though these bays also have some storm surge barriers,
the disasters were caused by the collapsing of the
barriers. If the barriers had stood with the storm surge,
the disaster would have been reduced. The water
overflow rate is more than ten times increased by
collapse of the barriers. Therefore storm surge barriers
should not be easily broken even in the condition over the
design.

5. Concluding Remarks

The permanent countermeasure project against storm
surge was executed for three major bays. Consequently
storm surge disasters were much reduced in the bays,
but the storm surge barriers in the bays have become old
for work. Furthermore, recent storm surge disasters have
occurred in different bays from the major ones and have
been enlarged due to the destruction of the barriers.
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Past Typhoons which much affected Japan 1917 1961
Name of typhoon | Places 2;::)"“” Death Lr:]uﬂi:sted 1960 1990
Taishou 6th_(1917) | Tokyo Bay 20| 1127 302917
Muroto  (1984) | Osaka Bay 30| 2708 401,157
Sou-Nada _ (1942) | Sou-Nada 160 891 132,204
Malurazaki _(1945) | Kagoshima Bay >200| 2076 217326
Jane (1950) | Osaka Bay 240 398 301,919
Ise-Wan _ (1959) | Ise Bay us| 4697 363,611
2nd Muroto_(1961) | Osaka Bay 241 194 384,120
Typhoon 10 (1970) | Tosa Bay 235 12 40293
Typhoon 18 (1909) | Juo-Madad - a1 2 18001
Seto Inland Sea
Typhoon 16 (2004) | 10 o 160 16 44,935
Seto Inland Sea
Typhoon 18 (2004) | (oo i 180 2
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Past disasters due to three biggest storm surges

1. Highest storm surge generated by Muroto Typhoon in
1934

Anomaly : 310cm Highest sea level : T.P. +3.2m
2. Storm surge by Jane Typhoon in 1950
Anomaly : 240cm Highest sea level : T.P. +2.6m
3. Storm surge by 2™ Muroto Typhoon in 1961
Anomaly : 241cm Highest sea level : T.P. +2.8m
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Time history of ground subsidence in Osaka
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1. No loss of human lives by direct affection of storm
surge because people took refuge sufficiently before
the storm surge

2. Ground subsidence reduces the effect of storm surge
barriers. Therefore, it was inevitable to prohibit
pumping-up of underground water by a law.

3. The crown heights should be increased up to T.P.
+4.9m

[N

. Ise-Wan Typhoon, which was assumed to pass on the track of Muroto
Typhoon, was employed for the design of storm surge barriers and water
gates in Osaka.

N

. The crown height of storm surge barrier Hc was estimated by the following
formula:Hc O.P. A C

where O.P.: Osaka pale, A: Mean high tide in a typhoon season,

B: Anomaly of storm surge(3.0m), C: wave height or rise of water level due to
water gate

w

. Seismic intensity: 0.2

I

. Countermeasures against tsunami
Sea level at tsunami=0.P.+Mean high tide+ Chilean tsunami+ground
subsidence
=0.P. + 2.1m + about 0.7m +about 0.7m
=0.P. +3.5m
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A sliding gate at Tenpo-Zan

Sluice gate at Sanjikken Horikawa
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Arch type water gate at Aji River

RUSUgs,

57

Eelay, ganotaess

23



0.25

0.2

0.25

2004

18

16

18

16

18

Kure

T

L

[NTERGMA T

I
E e
]

E B ] v i

Takamatsu

2 o =

004000 JO0VEIS000  OOA/E/3000 IOAR/000 300K/ 000

24



25



Wave overtopping rate  H,;=2.8m T,,,=6.6s

g=0.1(m3/s/m) before damage and nearly 1.0 (m3/s/m) after damage

Damaged sea wall

Concrete sea wall

Back fill stones
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Foundation sand

1. Disasters caused by storm surges have occurred in semi-closed bays in
Japan.

2. Big storm surges did not take place between 1960 to 1990. This period was
relatively calm. However recently big typhoons have attacked and generated
storm surge disasters.

3. The disasters have been occumred in the bays or seas different from major
three bays of Tokyo, Ise and Osaka.

4. Big damages are caused by the destruction of the barriers which have the
function of protection from the storm surges.

5. Evaluation technology should be developed soon to know the performance of
old existing barriers.

6. It may be possible to design the storm surge barriers under different
conditions between their crown height and resistant strength in order to construct
the barmriers which are hard to be yield.
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