
 
 

災に寄与する Web サイト構築のため、外国人への防災教育普及のための防災イベントを 2017 年

3 月に企画した。この企画を通じて、外国人を対象とした防災対策をすすめていく上での新たな

防災ネットワークを構築した。これにより、東三河地域で生活する外国人を含んだ防災教育の場

の提供が実現できるようになった（写真 3-8）。今後はこうした場において、より詳細に外国人

対応のあり方を検討していきたい。 

 

 

 

 

 

 

 

 

 

 

 

 

 

写真 3-8 新しい防災ネットワークによる外国人を含んだ防災教育の場の提供（2018/1） 
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4 Web サイト「つながる防災」の有効性の検討 

 

4.1「つながる防災」を通じて発信された記事 

    表 4-1 Web サイト「つながる防災」を通じて発信された記事一覧（2016/4-2018/2） 
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4.2 記事別閲覧数にみる効果 

Web サイト「つながる防災」を通じて発信された記事一覧（2016/4-2018/2）を、その内容か

ら「情報提供、情報発信支援」、「メディア掲載情報」、「自主企画」に分類して整理した（表 4-1）。

また、情報種別と閲覧数との関係をみるため、アクセスカウンターの閲覧数を記事ごとに整理し、

それをグラフ化した（図 4-1）。 

 これをみると、「☆熊本地震調査結果（速報）＆報告会」、2016 年度と 2017 年度に実施した「☆

東三河防災カレッジ」・「☆防災シンポジウム」などの自主企画イベントは、他の記事よりも総じ

て閲覧数が多い。ちらし配布や広報誌への情報掲載等、他メディアでの広報も行う「自主企画」

の取組は、他の「情報提供、情報発信支援」記事よりもアクセス数が多い傾向にある。また、記

事掲載の頻度が高くなると、その直後の記事のアクセス数も増える傾向にある。 

 Web サイト「つながる防災」は、「情報提供、情報発信支援」を通じて取組格差や情報格差の

解消に寄与する目的と「自主企画」の防災イベントを通じて防災意識啓発、ネットワーク構築等

に寄与する目的で情報発信を行っているが、今回のアクセスカウンターの記録を通じて、情報の

質 
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図 4-1 記事と閲覧数との関係 

 

が確保されていることは当然のことながらそれとは別に、Web サイト閲覧者を増やすためには、

その他メディアを通じた情報発信と当 Web サイトとの関連付け、そして記事掲載の頻度を高め

ることが重要であることがわかった。 

 

4.3 防災教育教材提供サービスの整備・公開 

 平成 27 年度までの Web サイトの利用者は工業団地の企業等を想定していたが、今年度からは

Web サイトの内容拡充を検討し利用者の拡大を図った。2016 年 4 月に発生した熊本地震の調査

速報を「つながる防災」に掲載したことで Web サイトの閲覧者が増加したことを受け、「つなが

る防災」の機能拡充を行った。 

また、本研究助成における外国人を対象とした情報提供のあり方に関する調査や防災教育イベ

ントの実施結果を踏まえ、SNS による情報提供の他、外国語翻訳した防災教育教材の提供につい

て次のように検討した。 

【SNS との関連付け】 

 本研究で把握した外国人が友人知人との交流を図る他、生活に必要な情報を得るために広く

SNS を利活用している状況を踏まえ、「つながる防災」の情報発信機能を増やし、ソーシャル・

ネットワーク・サービス（SNS）との関連付けを行った。「つながる防災」に掲載された記事情報 
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図 4-3 防災教育教材を提供する「つながる教材」ページ

（http://carm.tut.ac.jp/bousai_archives/textbook） 

 

をシェアして Facebook、Twitter、Instagram 等の SNS のタイムライン上にも掲載することで「つ

ながる防災」へのアクセス経路の改善を図った（図 4-2）。 

【防災教育教材を提供する「つながる教材」】 

 また、Web サイト「つながる防災」の機能のひとつとして、新たに様々なニーズに即して防災

教育教材を提供する「つながる教材」と名付けたページを設置した（図 4-3）。これまでに防災

教育プログラムとして開発したテキストの一部を誰もが自由にダウンロードして使えるよう公

開した他、多言語対応した防災教育テキスト（※）、防災に関する講演動画、2.3 にみた海外事

例の調査結果などもあわせて公開し、大学の知の普及を図った。 

 

※多言語翻訳したテキスト（一部）は、参考として本報告書の資料編に掲載した。 

図 4-2 「つながる防災」の SNS との関連づけ 
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5 成果のまとめ 

 

 5.1 得られた成果 

 本書冒頭にあげた５つの研究課題に即して、本研究テーマへの取り組みによって得られた成果

を述べる。 

 

1) 学校や地域の防災啓蒙・知識の普及に役立つ講義・教材等を Web サイトで公開し、大学 

の知の普及を図る。 

 東三河地域で生活する日本人のみならず、外国人の防災啓蒙と地域の普及にも役に立つよう、

多言語翻訳化した防災教育用テキストを作成し、Web サイト「つながる防災」上に設置した「つ

ながる教材」での公開をスタートした。また、視覚聴覚で学ぶ教材として、本学が主体的に実施

する「東三河防災カレッジ」の講義動画や防災シンポジウムの講演動画の公開もスタートした。 

（関連章：4章） 

 

 2) 東三河地域に住む外国人の防災ニーズを把握し、必要な情報を提供する外国語 Web サイト

を構築する。 

過去の災害発生時には、災害に対する理解や正しい知識がないために、冷静な対応をとること

ができない外国人が多くみられたことから、外国人向けの防災に関する情報提供や教育はこの東

三河地域においても重要な課題となっている。本研究では、Web サイト「つながる防災」を、外

国人を対象とした防災対策に活用することも視野に入れた基礎的な調査を行った。 

その結果、近年の SNS の普及にともない、平時災害時問わず SNS は外国人への情報提供上重要

なツールであることを確認した。一方、外国人の防災意識啓発・教育という点では、全国各地で

さまざまなツール開発を行っているものの未だ適切な情報提供ツールがないことを確認した。 

 この東三河地域の外国人を雇用している企業では、言語対応が困難であるという理由などから、

必ずしも日本人と同様の防災教育を行えていない現状があり、防災教育の場の提供が必要である

ことを把握した。そして以上の点を踏まえ、多言語翻訳した教材の作成・公開や Web サイトの

SNS 対応等を行った。 

（関連章：2章、4章） 

 

3) Web サイトを通じた様々な防災情報の発信、防災イベント等を企画する。 

防災に関わる人材の育成を行う「東三河防災カレッジ」の他、防災シンポジウムや研究調査報

告会など、防災意識啓発、知の普及活動を行った。また、課題 2）との関連から、東三河地域の

外国人市民も対象とした防災教育の場の提供も行った。その際、外国人市民の地域での暮らし方

がリーマン・ショック前後に大きく変化し、これに対応した外国人防災のあり方を検討する必要

があることを把握すると同時に、災害への危機意識をもった外国人市民が増加しており、災害弱
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者としてではなく災害時に他の外国人市民を支え得る高い防災意識をもった頼もしい外国人の

存在も把握した。 

（関連章：3章） 

 

 4) 大学・企業・自治体・市民をつないだ防災ネットワークを構築する。 

 上記に関連し、外国人の生活支援や防災対応を行う行政担当課、国際交流団体、学校教育施設

運営者等と新たにネットワークを構築した。これにより、災害弱者とみなされがちな外国人を含

んだ市民の自助・共助の力を促進する機会が増え、そのための情報提供等のツール開発が大きく

前進した。 

（関連章：3章） 

 

5) Web サイトを通じた防災コミュニティ形成の在り方を探る。 

Web サイト「つながる防災」では、「情報提供、情報発信支援」を通じて取組格差や情報格差

の解消に寄与する目的と、本学の「自主企画」の防災イベントを通じて防災意識啓発、ネットワ

ーク構築等に寄与する目的で情報発信を行った。その結果、情報を単に集約する場としてだけな

く、防災啓発、知の普及を図る活動と連動した利用の場とすることで、よりよいコミュニティ形

成につながることが確認できた。 

（関連章：4章） 

 

5.2 Web サイトを通じた防災コミュニティ形成の可能性 

 以上の成果から、今回の Web サイト「つながる防災」のような Web サイトを利用して情報の集

約・発信を行う場合、さまざまな場所で公開されている情報をひろい集め、それらをみんなで広

く共有できるようにするやり方は、一見「情報のひろば」のようなものとして、ネットワークづ

くりに寄与するかのようにみえるが、実際のコミュニティ形成とは全く異なるものであることが

実証的な取り組みから把握された。 

Web サイトによる情報の集約・発信は、情報を右から左に流すのではなく、あくまで一次情報

を中心に取り扱う場であるという認識のもとで運用しなければ、ツールは十分に機能しないだろ

う。そして一次情報を中心に発信していくためには、一次情報を生む実際の地域コミュニティを

相手にした防災活動を絶やさず行うことが重要である。それを持続的に行っていくことによって、

それまでに見なかった多様なアクターと結びつき、新たな活動が生成され、災害を克服しうる重

層的なコミュニティが形成されていくのだ。Web サイトを通じた防災コミュニティ形成の可能性

はそこにあるといってよいだろう。 
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豊橋技術科学大学安全安心地域共創リサーチセンター

Why earthquake happens?

Let’s look back on the history of Japan. At the end of 

the Edo period, Western countries came to colonize 

Asia. In 1840, Opium war broke out between China 

and the UK. In 1853 American Matthew Calbraith 

Perry of America came to  Japan boarding on a black 

ship. At that time, Great Ansei Earthquake occurred. 

Eventually Edo Shogunate was destroyed. Japan was 

forced to open the country to foreigners. 

In order to catch up with western countries, Japanese 

traditional wooden houses have been replaced by 

Western style brick buildings. Topknot and clothing 

are also changed to Western style.  

In that time in Japan, there was a common superstition 

that earthquake occurs because of Catfish living 

underground. People used to believe if you put a 

Nishiki-e (Wood block painting) of Catfish at home, 

that home would not be crushed by an Earthquake. In 

this catfish picture, God puts a big stone called ‘key 

stone’ on the head of the catfish and holds on to it so 

that it can’t cause earthquake.

64



多文化のまちで暮らす　豊橋の防災

The first scientific analysis of the earthquake mechanism is done by 

German scientist Alfred Wegener. 

He noticed that the terrain of South America’s east matches the shape of 

the terrain of Africa’s west like a Jigsaw puzzle.  

He thought that the two continents that are presently far apart were 

connected in the past. He presented it as continental movement theory at 

the conference, but from the scientists he was accused of lying. He believed 

that there must be traces of animals moved from continent to continent, if 

the continents were connected and for that he examined fossils. 

Then apparently the fossils of the same animal were found 

on different continents. He thought that was the evidence 

that the continents were connected. But other scholars didn’t 

agree with him. 

Key stone is enshrined in the premise of Kashima Shrine in 

Ibaraki prefecture. You can see the stone head about 10 cm on 

the ground above. Legend says- Shogun ordered his servants to 

dig the soil for 7 days but even after that they could not reach 

the bottom of the stone. 
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豊橋技術科学大学安全安心地域共創リサーチセンター

Wegener believed that there was only one continent 

on the Earth at the beginning. That got divided and 

moved to become each current continent. He named 

the first continent as Pangea, a word derived from 

Greek meaning for ‘all land’. According to plate 

tectonics, the place where Pangea split corresponds 

to the current mid-ocean ridge. It’s thought that the 

divided continents will continue repeating  the  cycle 

of merging and breaking up in hundreds of millions 

years to come by. 

Because among the scholars of that time there was a 

belief that there was a presence of phantom continent 

in the present sea location and that all continents 

were connected. You must have heard of the legend 

of the phantom continent that is said to exist in the 

ocean, such as Atlantis Continent (Atlantic Ocean), 

Mu Continent (Pacific Ocean), Lemuria Continent 

(Indian Ocean) and so on. As a scientific explanation 

- because of the cooling of the earth, the surface 

wrinkled. So the land connected to the continent sunk 

and became sea.

Wrinkles made on the existing land become mountains. This was believed for a long time. This is called the ‘Earth  Contraction 

Theory’.

After all, Wegener’s continental Contraction theory was too innovative to be admitted that time.  

According to Wegener, the attraction of the moon and the centrifugal force due to the rotation of the earth are the driving force 

for the heavy continents movement. Now we know that the moving of the continent is a convectional phenomenon occurred 

inside the Earth. Like the heating of cold miso soup, I think you’ve seen how miso gathered below gets boiled and comes up like 

volcano eruption and sink down again. If you warm liquid, it gets lighter and goes up and gets cool. Cool liquid is heavier and 

goes down. It creates a cyclic flow. This process called convection.   

In the center of the earth, there is a mass of iron core at a high temperature , approximately 6000°C and the (outer rock) mantle 

is believed to be convective like a fluid over a long period of time. Outer side of the mantle, there is a thin rock  layer (crust) 

surrounding the earth. Again, on the upper part of the earth just like a peeled orange, there are also many thin plates loaded 

with crust. They move at a speed of about several centimeters a year with the mantle convection. So it can be said the mantle 

convection inside the Earth moves the continents. 
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多文化のまちで暮らす　豊橋の防災

Not only the continents are moving by the mantle 

convection, but even the ocean above the plate are moving 

because of it. Continental plates are made of granite with 

small specific gravity but the oceanic plates are made of 

large specific gravity basalt. So when these two different 

form of plates collides, the oceanic plate goes underneath 

and sinks into the mantle. To compensate for it, on the other 

side of the subductive plate, new plates are being produced 

one by one from the cracks of the Ocean floor. The valley 

at the sea bottom where the plate sinks is called a trench

Off the coast of South America in the East Pacific Ocean, there 

is a mid ocean ridge that runs north to south. This is where 

the Pacific plate is born and it is moving northwest at a rate of 

about 8 cm per year and goes beneath the Eurasian plate. This 

is a typical example of a continental plate colliding with an 

oceanic plate. 

Once India was an independent small continent. By the 

movement of the plate, it gradually shifted northward and 

collided with the Eurasian Continent. By that pressure the sea 

floor got lifted and the present Himalayas were completed. 

Everest, the world’s highest peak, is also here. In fact, fossil 

shells were also discovered from the rocks of the Himalayas. 

There is similar place in Japan too. The Izu Peninsula was an 

island floating in the ocean. It moved to the north above the 

Philippine sea plate, collided with the Japanese archipelago 

and become the Izu Peninsula. It is thought that Tanzawa 

mountains were made by this pushing force. 

and the mountain range of the ocean floor where a plate is born is called ridge. The theory that explains the movement of plates 

is called plate tectonics and it is a standard theory of geophysics. Currently, it is possible to accurately measure the movement of 

plates with satellite. 
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豊橋技術科学大学安全安心地域共創リサーチセンター

Iceland has a ridge in the middle of the country. So the 

area of the country gradually increases. Also, because it’s a 

country of volcano, it has world’s largest open air bath.

Japan is near the trench where plate sinks. Even though it is 

not a ridge, why are there so many volcanoes? Actually, the 

subducted plate melts and becomes magma. Then it rises to the 

surface and becomes volcano. Therefore, the position of the 

volcano is parallel to the trench where the plate sinks, which is 

called the volcanic front. After the great east Japan Earthquake 

of Magnitude 9, Mt. Ontake erupted three years later, Mt. 

Aso and Mt. Kuchierabujima four years later,  and Mt. 

Sakurajima five years later. Also, in April 2016, an earthquake 

of Magnitude 7 occurred in Kumamoto prefecture.  It seems 

that along with mega earthquake, volcanic activity and seismic 

activity are increasing. 

Actually, the same thing happened about 1000 years ago. 

Two years after the 869 Johgan Earthquake in Tohoku 

Region, Nigata’s Mt. Choukai erupted, and nine years after 

that a huge earthquake occurred in Kanto region. A further 

nine years later, the Nankai Trough Mega earthquake 

occurred. Again, Mt. Fuji erupted five years before the 

Johgan Earthquake. In other words, the current Japan is 

considered to be in the same seismic activity period like it 

was about 1000 years ago.  

In the southern hemisphere of the earth, there are dispersed 

ridges where plates are born. So many of the plates 

originated from there move to the north and subduct under 

another plate. Because many of the ridges are at the bottom 

of the deep ocean, the eruption activity is suppressed by 

hydraulic pressure. However, there are places where the 

ridge is on the surface of the earth. 
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多文化のまちで暮らす　豊橋の防災

The figure above shows the positions of plates & the figure below 

is the distribution chart of earthquake occurrence. You can see 

many earthquake occurs at the boundary of plates. Also, there are 

more earthquakes in the trench where the plate submerges under 

another plate than the ridge where the plate generates. 

There are many earthquakes in Japan because the Japanese archipelago is situated in a very unique place in the world where four 

plates  collide one another. 

To the east of the Japanese archipelago is the Japan trench and to the south is the Nankai trough. On the trenches where the 

oceanic plate sinks, those with a depth of less than 6000 m are called troughs. It is understood that earthquake mainly occurs 

along the trench and trough. 

When a plate slips into another one, the opposite plate 

resists and strains accumulate. When the limit is reached, 

the boundary (fault) of the plate is destroyed and a backward 

push occurs. The shock waves that originates at that time is 

called Earthquake. 

In the Great East Japan Earthquake, the distortion constituted 

by  strain  was released at once and the Japanese archipelago 

moved up to the east by about 5m. Again, there are even places 

where the ground sank more than 1m. Such ground motion 

can be accurately obtained from the GPS observation by the 

electronic reference point stretched all over the country.  
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If the earth shakes violently due to Earthquake, it’s difficult to stand, 

also may lose balance and fall down. But it’s rare to occur serious 

injury. On the other hand, buildings that are supposed to be stronger 

than humans may collapse due to earthquake. Why is human Ok but not 

the building? For this, let’s think about the forces acting on the building 

in case of earthquake. 

Why building is weaker than human?

If there is no floor, this human body will fall down. This is because of 

the attraction of earth. The falling speed will gradually increase. The 

acceleration behind it, is the gravitational acceleration due to earth’s 

gravity.  

Your weight represents the scale of attraction force of the earth working on your body. The value is expressed as the product of 

mass and gravitational acceleration. 

Mass is unique to things and the value of gravitational acceleration is different between the earth and the moon. If your weigh 

your weight on moon which got less gravity, the value will be much smaller. Since the gravitational acceleration of the moon is 

one sixth of the earth, the weight will be also one sixth of earth’s.

Since it is on the same planet, the downward gravitational acceleration 

is the same but the mass is different. Therefore, the downward force is 

larger for Sumo wrestler than of a child.  

On the other hand, there is the Nankai Trough in the south 

of West Japan. The Philippine Sea plate is subducting 

with a speed of about several centimeters per year into 

Japanese archipelago and pushing it northwest. As no big 

earthquake has occurred in the past 70 years, it has pushed 

more than 2m by a simple calculation. The distortion has 

not been released yet. It’s a matter of time that distortion 

accumulated by strains will release all at once by means of 

Earthquakes.
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多文化のまちで暮らす　豊橋の防災

Acceleration is not always downward. When bus stops suddenly, the body is likely to fall forward. At this time, the force product 

of mass and acceleration works on the body. This force is called inertia force. Acceleration of the inertia force is opposite to the 

acceleration trying to stop the bus. 

When the bus starts suddenly, the body will fall backward. Also this time, inertia force which is a product of mass and 

acceleration works on the body. 

When a fat and a thin persons are on the same bus, at that time if the 

bus suddenly starts from stoppage, which person will have larger 

inertia force? Since the acceleration is same, the inertia force will be 

larger for fat person as the mass is larger. 

Well, let’s go back to the first question. When the earth shakes due to 

an earthquake,  as the building got much larger mass than the person 

standing on the ground, there will be larger inertia force working on 

the building accordingly. In other words, the fact that the building 

collapses due to earthquake even though it doesn’t affect person 

is because the building can’t support the inertia force. Generally 

buildings are built strong enough top to bottom so that they can 

support against gravitational forces but weak against inertia force due 

to earthquake which works left to right and vise versa.  

As a result, structures built with stones and bricks (commonly known as masonry) is likely to collapse due to earthquake which 

is not suitable for earthquake prone countries like Japan. But there are lots of masonry building overseas, and as a result, there 

are lots of fatalities due to building collapse during earthquake. 

After the Meiji restoration, a number of western style brick buildings were built. After the incident in which  a building  in Ginza 

street in Tokyo was destroyed by fire, it was rebuilt by brick construction. Also in Asakusa of Tokyo, there was the tallest brick 

tower in Asia of that time. 

1891 Nobi Earthquake (M8.0)/ 1923 Great Kanto Earthquake(M7.9)

However, brick buildings suffered great damage in the Nobi earthquake of 1891 and the Great Kanto earthquake  of 1913. 

Therefore, after that, masonry buildings were strictly regulated by law and disappeared from Japan. 
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Which building is safer?

Which building is safer in earthquake, the high rise one or 

the low rise one? Considering the inertial force which works 

due to the shake of earth, larger mass of high rise building 

seems to be a disadvantage for it. However, since the inertial 

force is the product of mass and acceleration, you must also 

consider the magnitude of the acceleration caused by the 

shaking of the building.

Let’s shake these models in real. If you shake swiftly, the low 

rise building will vibrate but if you shake slowly, the high rise 

one will vibrate. Why does this phenomenon occur? 

Actually, the building has it’s own vibration speed and the time 

taken to complete one vibration is called natural period. When 

the period of the vibration of earth coincides with the natural 

period of the building, the inertia force works with good timing 

and the shaking of the building of that natural period gets 

amplified. This is called resonance.  

The rough value of natural period of a building is found by multiplying 0.1 to the number of stories. It is 0.8 second for 8 stories 

and 0.2 second for 2 stories approximately. 

A graph plotted with the maximum acceleration of building’s shaking at each natural period is called the ‘acceleration response 

spectrum’. Let’s calculate the acceleration response spectrum for various earthquake motions. 

From the graph, we get that the mountain of the spectrum covers roughly 1 second or less of the natural period and the middle 

and low rise buildings with shorter natural period shakes heavily, on the other hand, if the natural period goes beyond 1 second 

like that of high rise and base isolated buildings, the shaking gets gentle. 

With the increase of number of floors, the buildings may shake like 

wriggle in the middle. Since the shape of the shaking is unique to the 

building, it is called natural vibration mode. From the order of long 

oscillation period, we have first mode, second mode, third mode to till 

equal to the number of stories, that amount of mode. 

In a skyscraper, roughly the shape of the natural vibration mode is a sine 

function. The ratio of the next natural period to the first natural period 

is the ratio of the wavelengths (1, 1/3, 1/5, ... in order). Namely, in a 

skyscraper with a natural period of 2 second of 1st mode, the natural 
period of 2nd mode will be approximately 0.7 second (1/3 of 2 seconds), the natural period of the 3rd mode will be around 0.4 

second (1/5 of 2 seconds). In a rattling like oscillation, the higher modes of the shorter natural period are excited and the building 

shakes. On the other hand, in a gentle oscillation, first mode of long natural period gets active and the higher floors shake greatly. 
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How to make the building strong against 

What kind of construction is suitable to prevent buildings 

from collapsing due to earthquake?  One way is to make 

the columns and the beams stronger so that even if an 

earthquake comes, it stays well composed. But it is 

uneconomical to make it too strong only for the earthquake 

that rarely comes. So at the time of an earthquake, 

considering the building to be broken somewhat, but not 

enough to fall over , the columns and the beams are made 

ductile. Specifically, we use metal fittings at wooden joints 

or densely put reinforcing bars in the reinforced concrete 

members. In this way, the basic of earthquake resistant 

Strong types will be able to withstand large horizontal force, but not too much deformation. On the other hand, the soft type can 

only withstand a little force, but it will deform considerably

To tell you the truth, soft type is not good against wind and snow which put force for a long time. Since the deformation 

progresses gradually with time, after some time it will collapse. So it’s not good enough.  

During earthquake, shakes will change to the opposite direction before getting too large deformation, therefore, it’s fine to accept 

ductile behavior. This is the reason behind soft type building being good against Earthquake. 

To construct earthquake resisting building, we have learned that 

there are two types. Strength type (Solid type) that makes the 

building sturdy and ductile type (soft type) that deforms without 

collapsing even if it breaks somewhat. At this time, if the area 

(which is called potential energy) of the force vs deformation 

graph is same for two buildings, the seismic performance can 

be considered to be equivalent. 

For example, how can we retrofit when the seismic 

performance of the original building is small, that is, when 

the potential energy that can be absorbed by the building is 

small?

One way is to increase the walls and strengthen them. 

Another way is to roll carbon fiber around the column so 

that it doesn’t collapse but can deform. Both of these process 

can increase potential energy. 

structure is a mechanism to withstand earthquakes by combining strength and ductility.
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Now let me explain the traditional method of seismic retrofitting technology of the buildings. 

As a way to increase the strength, openings are closed completely with reinforced concrete wall. This is very common. As a 

method to increase the deformability (ductility) , there is a method of covering the columns with iron plate or carbon fiber. In 

addition, there is a method of putting steel brace (called brace) which is an intermediate method of the former two. In particular, 

this method is often used when you want to let in external light in a south facing window like a classroom of a school. 

This building of Toyohashi University of Technology is reinforced by using brace on the outside. 

There is also method to absorb energy by putting special equipment inside the building. This device is called response control 

damper. The seismic performance of a building retrofitted with damper improves as the absorbed energy by the damper adds up 

to the potential energy of the building.

Oil damper is widely used as viscous damper. When the piston moves inside a cylinder filled with oil at a velocity, it generates a 

resistance force proportional to the velocity. It’s mechanism is almost same as the shock absorber that suppresses vibration in a 

car. 

For example, oil dampers are often used to reinforce high rise buildings. In this example, 288 oil dampers were installed in the 

middle floors of a high rise building after construction was finished.

For example, if you don’t want braces or dampers to be attached on buildings for retrofitting  such as of historical preserved 

buildings, you can put rubber foundation under the building and reduce the inertial force caused by the earthquake to make it 

same. This structure is called seismic isolated structure. 

Tokyo station is restored to the appearance about 100 years ago. Supported by 352 seismic isolation rubbers, it was 

possible to make it safe, even the structure at that time.
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What is base-isolation?

Let’s try to understand the mechanism of seismic isolation 

while conducting a simple hypothesis. First of all, let us 

consider various ways in which the building won’t shake 

during an earthquake. 

Perhaps the ultimate way would be floating the building in 

the air. With current technology, like a linear motor car, you 

can even float a train with the power of magnetism. So it’

s not a dreamlike tale. But if a building floats in the air, it 

should be hard to get in or out. Besides, if the wind blows, it 

may be blown far away.  

For now, let’s just give up on floating buildings and think about another way. 

For example, how about laying rollers under the building? Or how about putting the building on a sliding table and slide it in 

case of an earthquake? In either case, when the earthquake occurs, the building rolls and slides. So the lateral force transmitted to 

the building can be reduced. 

Weather forecast informs you in advance if typhoon comes. So when a typhoon comes in, you should fix the building with 

a stopper and then remove it after typhoon leaves. While sliding a building, there may be a method of adjusting the friction 

coefficient so that the building doesn’t move with the force of the typhoon and moves only in the case of slightly big earthquake. 

The Great Buddha of Kamakura has a stainless steel plate laid between the Buddha statue and the pedestal so that the Buddha 

statue slides at the time of an earthquake.

In the method of rolling or sliding a building, the building may deviate greatly from its original position after the earthquake. So, 

what kind of device can you make the building remain in its original position, even after the earthquake?

For example, how about connecting the building and the foundation with a spring and returning it to its original position by the 

force of the spring when the building moves? A soft rubber base looks good as it supports the weight of the building and deforms 

in the horizontal direction. Alternatively, there is a method of placing the building on a concave surface and slide it over it. Even 

if the building slides, it returns to its original position with the force of its own weight.
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To bring it back by using spring method, the natural period 

will be proportional to the square root of the weight. In other 

words, the heavier the building gets, the longer will be its 

natural period. It is also inversely proportional to the square 

root of the spring stiffness. In other words, you can prolong 

the natural period, by supporting the building with (soft) 

spring of less stiffness. 

On the other hand, in the method of sliding on a  concave 

surface, the natural period is proportional to the square root 

of the concave curvature radius. In other words, the more 

concave the surface is, the longer will be natural period of

In addition, let’s add a damper that will attenuate the sway of 

building quickly. As already explained, the damper is a device 

that absorbs energy of vibration depending on the amplitude of 

the vibration. By using a damper, you can gradually reduce the 

sway of the building. 

As described above, with the base isolation structure, by 

using the isolator that supports the weight of the building and 

prolongs the natural period of the building and the damper that 

damps the shaking effectively, the sway of the building at the 

time of the earthquake can be effectively reduced.In 1969, the first base-isolated building in the world using 

rubber foundation was built in Skopje, the capital of 

Macedonia. Since the mass of soft rubber deforms not only 

in the horizontal direction but also in the vertical direction, 

when the earthquake occurred, there was a problem that the 

building was tilted due to the combination of the horizontal 

swing and the vertical swing. That is why laminated rubber 

bearings were invented as rubber bearing, which is hard on 

the vertical direction but soft in the horizontal direction. 

The laminated rubber has a structure in which thin rubber 

layers of several millimeters and thick steel plates are 

laminated alternately and bonded. By doing this, the steel 

plate constrains the lateral bulging of rubber along with the 

vertical deformation, and the vertical deformation due 

Damper used in the seismic isolation system has various shapes 

which makes it possible to cover relatively large deformation 

and to deform in any direction.

the building. Since it doesn’t relate to weight, it is suitable for base isolation of light houses. It is also common to use both 

methods at the same time. 

to the weight of the building can be kept small. On the other hand, it does not restrain the shear deformation of the rubber against 

the horizontal force, so it deforms smoothly in horizontal direction. By the invention of this laminated rubber, a seismic isolation 

structure that can be used practically, is made possible. 
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In the seismic isolation structure, it is necessary to provide 

an obstacle-free space (horizontal clearance) around the 

building so that the base isolation layer can deform. Because 

there are seismic isolation pits in the basement of a base 

isolation building, usually by setting railings and plantation 

around the building, prevents people from falling into the 

pits. Also, at the entrance and the exit, we set up a cover 

(expansion) to move with the building.

Let’s look at the base isolation buildings in foreign countries.

In the northern part of Iran, an earthquake prone country, there 

is a elevated-floor building with a foundation that combines 

logs side by side vertically and horizontally. It is said that this 

construction dates back a few hundred years ago. So in the 

event of an earthquake the log will roll and reduce the shaking 

of the building. Therefore, it is a splendid seismic isolation 

structure. Similar devices are also found in Algeria, another 

earthquake prone country. Wooden logs are inserted between 

brick arch and pillars in the 18th century temple in Kasbah, in 

the capital city of Algiers, to reduce the seismic force.

Even base isolation is a splendid system,  there are some 

concerning points.

Since the isolation device is underneath the building, after 

the earthquake the device may be broken. If left untouched, 

the seismic isolation device will not work at the event of 

next earthquake and it is dangerous. After a earthquake of 

mid or large scale, let the manufacturer check the state of the 

equipment.

Let’s change the subject about tsunami after an earthquake.

In the Great East Japan Earthquake, about 90% of nearly 20,000 

victims died because of the tsunami. The speed of the tsunami 

is determined by the water depth and wave height. The average 

depth of the Pacific Ocean is about 4000 meters, and the speed 

of the tsunami traveling through this depth is about the same as 

the jet plane speed of about 713km/h. While approaching land, 

the depth of the tsunami becomes shallow and the speed slows 

down. But as the back tsunamis catch up, as a whole it gets 

How to prepare against Tsunami

swelled. In addition, waves are overlapped from left and right in the infiltrated bay and the wave height increases. 

If the height of the tsunami on the land is assumed to be 10m, the speed will be 36km/h, and the tsunami will approach at a speed 

comparable to that of the athletes of 100m Olympic race. 

How should we prepare for the tsunami?
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An effective way to eliminate the damage caused by the tsunami is to relocate the residence to a higher ground where the 

tsunami does not reach. However, for those who are engaged in the fishing industry, it is necessary to develop transportation 

routes to the seaside, embankments and tall tsunami evacuation building. 

In plain areas without high ground, multiple defensive steps that attenuates the tsunami force are necessary such as coastal 

embankments, sand dune, tidal forest, road embankments, etc. along with limited land use. 

Japan obliges municipalities to announce the flood area and depth of water for the largest class tsunami. The tsunami hazard map 

created there, is the basis for maintenance of evacuation places, evacuation routes etc. Do you know whether the area where you 

live could be flooded by the tsunami or not?

When a major earthquake occurs, a wide range of  area suffers at one time. If you can not use the lifeline such as water, 

electricity and gas, it will hinder living. With the stoppage of public transportation, people won’t be able to go back to their home 

and if the roads get congested, there will be times when fire fighters and ambulance won’t be able to reach to the spot in time. To 

prepare for earthquake disasters, it is important to take three actions. [Self help] to protect yourself and your family, [Co-aid] to 

help each other in the region and [Public assistance] to receive rescue and support from the country and local governments. 

Toyohashi city is at the risk of  Tokai and Tonankai earthquake for a long time and disaster prevention activities have been 

carried out enthusiastically. Let's introduce the activity with the slide borrowed from Prof. Hisada of Kogakuin University. 

Toyohashi University of Technology also participates in this activity.

In ordinary disaster prevention drills, it is required to act in an orderly manner as an organization in accordance with preset 

scenarios. However, with the implementation of earthquake, it is rare to go according to the scenario. Everyone needs to respond 

flexibly according to situations that change from moment to moment.

Therefore, in disaster drills conducted in Yamada Town in Toyohashi City in 2006, a method was adopted in which damage signs 

were installed randomly in the city without notifying the residents and they made response according to the damage sign. This 

method is called Emergency response training. 
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For example, participants in disaster prevention drills will immediately execute initial fire fighting actions when they find a 

fire sign in the city. At the same time, the situation of the damage is reported to the residence association and the residence 

association creates a disaster map by summarizing the report. The summary includes the spot of fire occurrence, which buildings 

has collapsed. In the end, this information is kept preserved at the disaster prevention center in Toyohashi city. 

This kind of fabulous training has been done in the past but unfortunately it is not continued since then. I would like to discuss 

with everyone  about how these activities can be continued in near future.  
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Let's see this video.

2 wooden houses built before 1981, one 

house with reinforcement [left] and the other 

one without reinforcement [right] which were 

relocated. 

Building without reinforcement collapse, 

housing with reinforcement does not collapse.

　The law concerning the promotion of 

seismic retrofitting of buildings which is called 

earthquake-proof repair promotion law, was 

established and enforced on the occasion of 

the  Kobe Earthquake of 1995, when structures 

including buildings suffered severe damage.

The purpose of this law is to improve the safety 

of buildings against earthquakes by taking 

measures to promote seismic retrofitting of 

buildings in order to protect the life, body 

and property of citizens from damage such as 

therefore,  assisting in securing public welfare.

　The seismic safety standard was revised in 

1981. From the result of damage investigation, 

it was revealed that the buildings built before 1981 were more damaged than the buildings built after 1981. As a 

result, the necessity for seismic diagnosis and retrofitting of existing buildings, especially buildings built with old 

earthquake resistance standards before 1981, has increased.

　This video is about how building collapses on 

occasion of an earthquake.

It is a seismic experiment of a 6-story reinforced 

concrete building.

Video：

National Research Institute for Earth Science and Disaster resilience

 　　  http://www.bosai.go.jp/hyogo/index.html (2014.10)

Video：

National Research Institute for Earth Science and Disaster Resilience

             http://www.bosai.go.jp/hyogo/index.html (2014.10)　
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　In the Seismic Retrofitting Promotion Act 

of December 1995, buildings built with old 

earthquake resistance standards used by a large 

number of people are designated as "specific 

buildings". The owners of such buildings must 

take all reasonable endeavors to perform seismic 

diagnosis (checking earthquake resistance), 

and if necessary, in case the earthquake 

resistance performance does not satisfy the new 

earthquake resistance criteria, must implement 

seismic retrofitting; as an obligation.

　Subsequently, the Seismic Retrofitt ing 

Promotion Act was revised in December 2006.

　In addition to the expansion of the range of specific buildings, incentives related to seismic diagnosis and retrofitting 

were added.

　In the expansion of the range of specific buildings, elementary school, nursing home, office building, storage 

facilities for dangerous goods were added. In addition, buildings that might collapse and  block the emergency 

transportation and evacuation roads due to earthquake were added. As shown in the figure, when the width of the 

road exceeds 12 m, then buildings with height equal to or greater than the distance from the center of the road to the 

building, and when the width of the road is 12 m or less, buildings with height greater than or equal to 6 m will be 

subject to specific buildings.　

　This figure shows Emergency Transportation 

Road in Toyohashi City.

　An emergency transportation road is a road 

on which emergency vehicles such as rescue, 

emergency, medical treatment, fire fighting 

activity and goods transport preferentially 

pass when the declaration of warning of the 

earthquake or any disaster occur, and it is 

based on uniform selection criteria for country, 

prefectures and cities.

　 T h e r e  a r e  f o u r  k i n d s  o f  e m e r g e n c y 

transportation roads, for example, the primary 

emergency transportation road is a road 

that communicates important ports, airports, wide-area logistics bases, etc. and carries out wide-area emergency 

transportation. 

　The second emergency transportation road is a road that links the primary emergency transportation road, 

municipal government office, major disaster prevention base (government agency, public agency, police station, fire 

department etc).

　The evacuation centers are also shown in the figure. In Toyohashi City, there are  primary designated evacuation 

shelter and secondary designated evacuation shelter. The primary designated evacuation shelter is set as a place to 

evacuate in the event of loss of one’s own home, like when it is damaged so badly that unsuitable for living in the 

event of a disaster or in case when there is a risk of being damaged. 70 school district city halls  are specified as 

primary designated evacuation shelter.

　The secondary designated evacuation site is set as a shelter to be opened when the first designated evacuation 

shelter exceeds the capacity, and 90 facilities such as elementary and junior high schools are designated in Toyohashi 

city.
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　It has been 20 years since the establishment 

of the renovation promotion law, and conversion 

of buildings to earthquake resistance has made 

good progress.

　The table shows the ratio of earthquake 

resistant buildings in Toyohashi City. The 

number of buildings which are seismically 

diagnosed or statistically estimated that they 

have earthquake resistance (meets earthquake 

resistance criteria)is divided by the total number 

of buildings, is building conversion rate to 

earthquake resistant. As of 2003, the building 

conversion rate to earthquake resistant was 

78.8%, but  rate has improved to 88.8% as of 

April, 2013. So it can be said that conversion of buildings to earthquake resistant has made good progress. Moreover, 

the target  until the fiscal year 2025 is assumed to be 90%, and the figure is almost likely to be achieved. Incidentally, 

in fiscal year 2020, the goal is to reach the rate of 95%.

　If we breakdown the conversion rate to earthquake resistance, then we get about 14,500 new buildings, about 

9,900 renovated buildings,  about 1000 buildings with earthquake resistance facilities.10% of these buildings had 

government subsidies.

　Existing ineligible specific buildings are decreasing as well, so far there are only 8 public buildings and 330 private 

buildings left.

　Due to the occurrence of a huge earthquake 

such as the Great East Japan Earthquake, the 

imminence of the Nankai Trough's massive 

earthquake and the Epicentric earthquake 

of Tokyo is obvious. Steady proceeding with 

earthquake resistance of buildings, and reducing 

human and economic damage as much as 

possible is now an urgent necessity. 

　Therefore, the Seismic Retrofitting Promotion 

Act was further revised in November 2013. 

　Here, we expanded the range of the specific 

building. Buildings that were built according 

to the old earthquake resistance standard & 

do not meet the current earthquake resistance 

standards, are subject to the seismic diagnosis & retrofitting obligation. In addition, it is mandatory to do  seismic 

diagnosis of the specific buildings such as large-scale facilities used by general people and specific buildings used by 

vulnerable people. It's an regulation to publish that result. 

　Meanwhile, as measure for smooth promotion of earthquake resistance, restrictions can be relaxed on constructions 

subject to the approval of the retrofitting such as the regulation on the volume ratio and building coverage can be 

eased for the qualified buildings.

　In addition, the subsidy is introduced for seismic diagnosis & retrofitting, and income tax deduction for retrofitted 

buildings are being expanded.
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　It is very important to ensure earthquake 

resistance of people's residence in order to 

preserve human lives at the time of earthquake 

and secure residents after the earthquake. For 

that purpose, each municipality is preparing 

a subsidy system in order to conduct seismic 

diagnosis, confirm safety, and promote seismic 

retrofitting.

　As an example of the subsidy system related 

to seismic diagnosis & retrofitting, partly 

excerpted subsidy system in Toyohashi city is 

shown.

　There are subsidy for seismic diagnosis, 

retrofitting & disassemble work etc. As for seismic diagnosis assistance, seismic diagnosis of wooden houses built 

before new earthquake resistance law can be implemented free of charge, which is considered to lead to promotion of 

seismic retrofitting towards the target value of earthquake resistance rate.

　Depends on the  scale of construction but anyway Seismic diagnosis cost of general wooden houses is about 15 to 

25 thousand yen.

　While seismic diagnosis, seismic performance 

of buildings depends on  four factors: strength 

of building, tenacity, shape, and degree of  

deterioration age.

　Here, important part is “strength” which is the 

strength of the building and “toughness” which 

is tenacious strength against deformation.  

　When earthquake occurs,  the inert ial 

force due to the earthquake motion acts as a 

horizontal seismic force to buildings causing 

deformation.

　In the figure on right, it’s assumed that 

buildings collapse when they are deformed 

up to the x mark. The earthquake energy absorbed is represented by the relation between the force (strength) & the 

deformation (toughness) and it’s the colored area under the curve.86
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　In the case of a reinforced concrete structure, 

I will show the seismic performance of buildings 

judged by seismic diagnosis.

　First, the structural seismic index Is value is 

used as an indicator of seismic resistance of 

the building. The Is value is calculated from the 

above equation, where the strength index C is 

the strength of the building, the toughness index 

F is an index showing the tenaciousness of the 

building, and Is is obtained by multiplying them. 

In addition, apart from these indexes, correction 

coefficient , shape index which is a reduction 

coefficient considering the irregularity of the 

building (if the building is rectangular, L-shaped, 

or the wall is biased on one side of the building) , and  there are time deterioration index which is an aging indicator 

(building years and the presence or absence of cracks) which are reduction factors considering aging of the building. 

These will also be multiplied.

　This Is value is a numerical value of the performance up to the point where the building is broken as shown in 

the figure on the right, and this value evaluates whether the building will collapse or not. In other words, when an 

earthquake of certain size occurs, building may not collapse but it could be damaged. 

　The figure on the right compares the secondary diagnosis results of the existing reinforced concrete buildings 

that have not yet experienced the earthquake, with the building that suffered beyond medium damage in the 1968 

Tokachi-offshore earthquake and in the 1978 Miyagi prefecture offshore earthquake. It can be seen that the building 

with the Is value of 0.6 or more is not damaged beyond medium damage. If the Is value gets lower the possibility of 

damage increases, and you can also notice that there are variations in the diagnosis result when the value is below 0.6.

　For these reasons, the Is value, required by the building, is 0.6 or more as one of the guidelines.

　For example, assuming that the area of the colored portion of the building A with larger strength but smaller 

toughness and the colored portion of the building B with lower strength and  higher toughness are same, which 

means the energy absorbing capacity of both these buildings are the same. Therefore, the seismic performance of the 

two buildings can be regarded as the same. Based on this viewpoint, the seismic performance of the building can be 

represented by a simple index called Is value.

 　Based on the Is  value in the seismic 

diagnosis, unless the earthquake resistance 

performance required by existing buildings is 

satisfied, we will consider seismic retrofitting / 

reinforcement. 

　There are four ways to improve the seismic 

performance of existing buildings. These are 

strength type, toughness type, damping type 

and base isolation type. 

　Strength type is a way to increase the strength 

of the existing building as shown in the figure.

Toughness type is a method to increase the 

toughness of existing building as shown in the 

figure. In this way we can have the necessary earthquake resistance performance.
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　Based on the above concept of seismic 

retrofitting, what kind of seismic retrofitting 

will be suitable for a certain building depends 

on various considerations.

　First of all, how far to improve seismic 

performance. It is necessary to make it larger 

than the structural seismic judgment index 

Iso, which is the target Is value of building 

after earthquake repair work. Generally, the 

structural earthquake resistance judgment 

index is set to 0.6, etc. However, the school 

facilities should be set at 0.7, evacuation 

centers and earthquake countermeasures bases 

will be increased by 1.25 times or 1.5 times taking the importance of facilities into account. 

　To do so, probably the most annoying problem is cost. It is also an option to choose an inexpensive construction 

method to reinforce at least against collapse. If the target service period is long, one option is to improve seismic 

performance so that it can be used continuously even after the earthquake.

　Next is the usability during construction. Even during retrofitting work, it is often troublesome if you can not 

use it as a residence or office. In that case, if there is too much noise, dust and vibration, the living qualities will be 

impaired. So it is desirable to keep construction as small as possible. In addition, it is better to implement a shorter 

construction term , as temporary relocation is sometimes necessary. For this reason, there is  a construction method 

that carries out seismic retrofitting only on the outside of the building.

　Furthermore, the seismic isolation type 

is a method of weakening the seismic force 

transmitted from the ground by installing a 

seismic isolation device between the ground and 

the building. 

　A typical seismic isolation system consists 

of "isolator" and "damper", and "isolator" has 

the role of changing a shorter periodic seismic 

motion  to a longer periodic seismic motion. On 

the other hand, "damper" is an energy absorbing 

device which has the role of stopping the 

deformation of the buildings.

　The damping reinforcement is a method of 

increasing the energy absorption performance 

of buildings by using seismic dampers.

　As shown in the figure, the idea is to improve 

seismic performance by increasing the area 

obtained from the relationship between strength 

and toughness.

　The seismic damper is installed with brace or 

frame.

INDEX: 日本免震構造協会

          http://www.jssi.or.jp/menshin/m_kenchiku.html（2014.10)
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　Here, we summarized the method of seismic retrofitting for buildings other than wooden houses such as RC 

structures and Steel structures.

　Since each construction method has its features, the construction method to be adopted based on  advantages & 

disadvantages.

　Finally usability, functionality must be insured. For example, the reinforcement method like to add walls can 

improve strength at a relatively low price, but it will close the opening. As a result, the function as a passageway 

and lighting  are disturbed. That's why, we've to consider selecting other construction methods.

　From here on, we will discuss compactly 

about seismic retrofitting method.

　This is the reinforcement method by adding 

the RC wall. In this method we increase the 

stiffness and strength by adding RC wall in 

the existing frame as shown in the picture. 

Compared with other construction methods, it is 

characterized by being able to secure strength 

at a relatively low price. There are several 

types of this construction method. In general, in 

the seismic retrofitted wall with post installed 

anchor, existing frame is  joined by using 

anchor. The wall part is cast in the site. In this 

case, problems such as vibration and noise due to connecting anchor to the wall will emerge. 

　As a construction method to mitigate the problem, there is a non-anchor seismic reinforced wall construction 

method. As a replacement of anchor,adhesive bonding such as  epoxy resin etc. are used.  In addition, there is a precast 

reinforced wall reinforcement, which is a method of manufacturing wall panels at the factory and then attaching them 

to existing frames. There is no need to cast concrete at the site. there is also a  merit, and that is the construction 

period can be shortened.

　This is brace reinforcement. By attaching steel 

brace and concrete brace to existing frame, it 

is possible to improve stiffness, strength and 

toughness. Additionally, it is possible to secure 

lighting and ventilation characteristics unlike 

the addition of RC walls which completely block 

the opening. The shape of the brace is X, V, etc. 

The mansard type brace can secure a passage 

through it as shown in the figure below on the 

left. 

　Also, with the addition of RC walls, there are 

anchor installed RC walls and non anchor RC 

walls.  
Photo：文部科学省　耐震補強工法事例集
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　As the name suggests external reinforcement 

refers to a construction method that reinforces 

by attaching a reinforcing member to the 

outside of the building .

　The main characteristic is that construction 

can be done while using the interior because of 

the method of attaching the reinforcing member 

to the outside of the building. There are types 

of reinforcing elements such as wall, brace, 

frame, and in the case of retrofitting by frame 

, the window space can be secured as shown 

in the lower left figure. Residence area such as 

housing complex or apartment, where lighting 

and ventilation is very important, in such places 

this retrofitting by frame is recommended. In addition, there are methods  such as attaching directly to the structural 

frame, installing via a balcony or an external corridor and by attaching through  installment of floor slab.　

　This is retrofitting by fiber sheet winding 

& steel plate winding. Unlike the retrofitting 

methods that raise the strength shown up 

to now, it is a construction method aimed at 

improving toughness, in particular.

　As shown in the photograph, winding 

the fiber sheet or steel sheet around the RC 

column with an adhesive such as epoxy resin 

to bond it.  If an excessive force (deformation) 

is applied to the column, there is a possibility 

that brittle shear failure may occur and support 

to the upper floor may fail. It is a method for 

improving toughness by winding a fiber sheet 

around column and restraining it from being 

damaged. As this material is lightweight, it can be carried in without heavy machinery and construction can be done 

manually. 

　So it can be said that  construction is easy and inexpensive compared to other construction methods.

　As mentioned above, seismic retrofitting by 

the seismic isolation system is a method of 

absorbing energy by a damping control 

system such as a damper and reducing shaking 

of the entire building during the earthquake.

　Dampers are installed in mid columns or 

incorporated with braces as shown in the 

figures, and they can be attached inside or 

outside the building.

Figure：飛島建設　

　https://www.tobishima.co.jp/technology/architecture/

　seishin_index.html（2014.10)

Photo：繊維補修補強協会：http://www.fir-st.com/index.html（2014.10)

Photo：文部科学省　耐震補強工法事例集
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　Seismic retrofitting using a seismic isolation 

device is a method of weakening the seismic 

force transmitted from the ground by installing 

a seismic isolation device between the ground 

and the building.

　A typical seismic isolation system consists of 

"isolator" and "damper", and the "isolator" has 

the role of changing a short period of seismic 

shake to a long period. And the "damper" is an 

energy absorbing device which works swiftly 

to mitigate buildings shaking. Although seismic 

retrofitting by base isolation equipment has 

cases such as Tokyo station building and Nagoya 

city office,  but still they are just handful. The 

reasons for this are the price of the seismic isolation device, the necessity of the isolation pit (such as the basement 

floor) where the isolation device is placed, and the high cost due to the necessity of plumbing facility that can follow 

the large deformation.

　There are various shapes and conditions 

in the buildings, and there are many ways of 

retrofitting in compliance with those shapes 

& condit ions.  The cost may not be said 

unconditionally, but anyway we will introduce 

some modification examples.

　This is a construction method which adopts 

the external frame construction method which 

can do construction while using the interior and 

does not impair the functions of the passage 

and the lighting property of the window.

Similarly, this is a construction method that can 

be executed while using the interior such as 

adopting an external frame construction method 

that does not impair the function of the passage 

and the lighting property of the window.

Index：愛知建築地震災害軽減システム研究協議会：耐震改修事例集

              http://www.aichi-gensai.jp/　（2014.10）

Index：愛知建築地震災害軽減システム研究協議会 耐震改修事例集

            http://www.aichi-gensai.jp/　（2014.10）

Photo：日本免震構造協会　http://www.jssi.or.jp/menshin/m_kenchiku.html（2014.10)
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　This is an example of retrofitting of pretty 

large scale building．

　There are various kinds of construction 

methods. It's necessary to pick the right method 

so that it doesn't impair the functionality and 

aesthetic appearance of the building.

Index：愛知建築地震災害軽減システム研究協議会　耐震改修事例集

http://www.aichi-gensai.jp/　（2014.10）

Index：愛知建築地震災害軽減システム研究協議会　耐震改修事例集

http://www.aichi-gensai.jp/　（2014.10）

Here, we summarized the construction method 

of seismic retrofitting for large span structures 

such as gymnasiums, factories and Steel 

structures.
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　Here we show the retrofitting  method of the 

column to beam connection in Steel structure.

　This is a method of raising the stiffness and 

strength by using a steel plate (rib plate) or knee 

brace for beam to column joint like this image. 

By retrofitting, it is possible to prevent breakage 

of the welding joint around the beam joint and 

its surroundings. By improving the seismic 

performance such as strength and toughness of 

members, in a whole the seismic performance 

of the entire building will be improved.

　Welding and bolt joining are common and 

inexpensive for joining of reinforcing members. 

But in the sites where fire is prohibited, or bolt 

holes are difficult to open because of vibration, 

pinching joints by using pinching hardware such as the one shown on the right are adopted. 

Photo：文部科学省：耐震補強早わかり　地震に負けない学校施設－耐震補強事例集

Figure：矢作建設工業：http://www.yahagi.co.jp/solution/resist/achieve.html（2014.10)

　In buildings with large spans l ike the 

gymnasium, there are cases where the roof is 

reinforced, and the strength and stiffness are 

improved by the horizontal brace.

　This is to suppress the deformation and 

damage of the roof at the time of earthquake 

and to prevent the fall of the ceiling. Also, if 

the stiffness of the roof is low, the center of 

the building will deform larger than the end, as 

shown in the right figure.

　In this case, even if  retrofitted with walls 

and braces at the end part of building, the 

retrofitting member is not effectively working 

against the seismic forces. In such case reinforcement may become necessary.

（左写真）文部科学省：耐震補強早わかり　地震に負けない学校施設－耐震補強事例集

Here, we have summarized the method of 

retrofitting for wooden houses. 
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　Many of the buildings collapsed by the 

earthquake are said to have a small amount of 

load bearing walls. First of all, increasing the 

load bearing wall and increasing the resistance 

to earthquake shaking becomes the basis of 

earthquake resistant reinforcement.

　A load bearing wall refers to a wall with 

diagonally installed braces within the  columns 

and walls with structural plywood hammered 

with nails.

　It shows an example of a wall with standard 

yield strength used in the general diagnostic 

method. The standard wall strength is the 

strength of a wall of 1 m of length. It is a value that varies depending on the thickness and mounting conditions. 

The value is 1.5 for clay wall, 2.4 for the brace and 5.2 for the structural plywood. Retrofitting  method by  

reinforcement of structural plywood makes it easier to ensure strength comparatively.

　However, even if the amount of wall is sufficient, if the position of the wall is biased towards one side of the 

building or not well-balanced, it will not be able to hold on strong against earthquake. For example, if you have 

a large opening on the south or may not place a wall because of parking space, the building will be twisted, and 

deform in the less wall part resulting in collapse.

　For that reason, we need to install a load bearing wall in the zone of few walls.

　Although we mentioned the retrofitting 

method by using the load bearing wall, in order 

to make effective use of  columns, load bearing 

walls as members resisting the seismic force , it 

is necessary to make the joint part secured. 

Unless the joints are solid, there is a risk that 

the braces and columns may come off resulting 

in building collapse due to seismic force.

（Index）豊橋市：命を守る家づくり～木造住宅の耐震対策のすすめ～

　The foundation of wooden houses is also 

an important structural element. Like  the 

metal joints, for the load bearing walls to work 

effectively, the foundation must also be solid.

　If there is no reinforcing bars in the existing 

base or if there are large cracks, the base may 

be broken and the upper building may collapse. 

In such case, we will build a base with new 

reinforcing bars and make the foundation 

strong.

　The increase of only width to the existing 

fabric foundation  below the base is considered 

a type of foundation. 

　Adding that, the other type is called solid 

foundation, and that is under the ground floor 

solid foundation of reinforced concrete. 

Figure：豊橋市　命を守る家づくり～木造住宅の耐震対策のすすめ～

Photo：滋賀県　木造住宅耐震改修事例集～住まいを強くする～
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　The heavier the house, the heavier the 

seismic force will be. This is because weight 

× acceleration due to earthquake motion = 

horizontal force acting on the building, 

Therefore, the lighter the weight the smaller the 

seismic force the building will be. That is why, 

while retrofitting, when roof is covered with clay 

roof tiles, one of the recommendations is that 

to reduce the seismic force by changing  heavy 

tiles to light tiles. 

　By reducing the weight of the roof, it is 

possible to improve seismic performance or 

have to reduce the amount of walls required.
Figure：豊橋市　命を守る家づくり～木造住宅の耐震対策のすすめ～

　This shows the seismic retrofitting cost of 

wooden houses.

　Seismic retrofitting construction costs will 

vary depending on the size and condition of the 

housing.

　The cost ranges from less than 1 million 

yen to about 5 million yen, but the most 

construction cost is 1 to 1.5 million yen. In 

addition, more than half of the works are done 

at about 1.87 million yen or less.

　If the structure seismic resistance index Is 

value is considerably small, there is a possibility 

that the cost will be higher in order to satisfy 

the new earthquake resistance criteria. However, instead of doing seismic retrofitting at once, it is better to proceed 

step by step. For example, if we have weak buildings with an Is value of about 0.2, we first set the Is value to 0.7 by 

installing load-bearing walls etc. As next step of retrofitting, we re-roofed the roof and set the Is value to 1.2. We 

should approach forward to make buildings earthquake resistant even though we have our limitations, as our small 

contributions can lead us to reducing the loss when earthquake occurs.

　Indicates the estimated cost for each seismic 

retrofitting construction.

　When seismic retrofitting is concurrently 

performed with reforming, the cost of seismic 

retrofitting itself tends to be somewhat cheaper.
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　It is an example of seismic retrofitting mainly 

by wall reinforcement.

Index：滋賀県　木造住宅耐震改修事例集～住まいを強くする～

It’s an example of retrofitting of base.

Index：滋賀県　木造住宅耐震改修事例集～住まいを強くする～

　It is an example where seismic retrofitting is 

carried out  mainly by basic reinforcement and 

weight reduction of the roof.

　Here we have  retrofitted roof from Japanese 

roof tiles (roofing) to flat roof slate roofing.

Index：滋賀県　木造住宅耐震改修事例集～住まいを強くする～
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　This is Aichi Prefecture disaster prevention learning system.

　In the disaster prevention map, when the seismic motion of past large scale earthquake is input, you can see the 

seismic intensity distribution, liquefaction risk, tsunami flooding depth, etc. corresponding to Aichi prefecture. 

　In the "Building collapse simulator", if you enter simple information on a wooden two-story house, you will see 

animation whether it will collapse or not, in occurrence of earthquake.    
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- A tsunami is unpredictable because it is 

generated by an earthquake (also unpredictable). 

However, there is time to evacuate, since it 

takes time for a tsunami to roll across the 

ocean and to reach the coast. The issue when 

an earthquake occurs first is that protective 

structures may be deteriorated by the time a 

tsunami strikes the coast.

- A storm surge is caused by a typhoon. 

Thanks to the high accuracy of Japanese 

predictions, storm surges can be estimated to 

a certain accuracy (path and scale). Moreover, 

astronomical  t ides (high and low t ides) 

predictions are also highly accurate, which makes it possible to know beforehand whether a storm surge will lead to 

other disasters. What matters is to know when a disaster such as heavy rain or floods due to typhoons, will occur.

- A tsunami is caused by a water level change 

due to seismic activity. Wave height increases as 

it reaches the coast (where water is shallow).

- A storm surge is caused by water suction 

accompanied by low atmospheric pressure 

due to a typhoon, and a strong wind drift (a 

movement downwind). These two effects are 

what make sea surface level rise abnormally.

Both tsunamis and storm surges are dangerous 

when they strike the coast, since the quantity 

of water (≈ wave height) increases when it is 

displaced to shallow waters.
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- The cycle of one tsunami wave takes 10 

minutes to 1 hour.

- The cycle of a storm surge depends on the 

wind speed of typhoon and takes several 

hours in most cases. The difference between 

the two is pretty clear, by comparing the 

sea level change over time. Since both were 

accompanied by the astronomical tide (sea 

level change = astronomical tide + (tsunami or 

storm surge)), tide level at that time had a big 

influence on whether disasters occurred and 

on the scale of those that did occur.

　Waves we usually see at the sea travel in 

cycles that last from a few seconds to dozens of 

seconds. However, this cycle takes more than 

10 minutes for a tsunami, which is a pretty 

long cycle. To be more precise, “a long cycle” 

refers to “a long wave length (the length of 

one wave).” Waves of both tsunamis and storm 

surges are said to be “long” because of their 

unusual length. 

　A normal wave measures between a few 

meters to a few hundred meters, whereas 

the wave of a tsunami can be measured in 

kilometers. Therefore, the waveform gradient 

(wave height/wave length) is extremely small, even for a tsunami of a few meters (for instance, if wave height 

𝐻=10 m and wave length 𝐿=10 km, then 𝐻/𝐿=0.001), so the water level will only rise a little (except for offshore 

tsunamis).

　As far as water movement is concerned, normal waves usually go back and forth (which you can easily 

understand if you have ever bathed in the sea with a rubber ring). The cycle of a tsunami appears to be related 

to the same back and forth movement as normal waves, but its waves travel so far that what we can actually 

comprehend it is not its time scale (a few seconds to a few minutes or dozens of minutes), but the current caused by 

the movement of the water mass.

　Normal waves usually dive into the surface sea and are not affected by the water mass, while during a tsunami, 

water is displaced from the surface to the bottom of the sea (since its strong energy reaches deep waters).

　As most of you may already know, a tsunami 

is the displacement of a substantial volume 

of water attributed to an earthquake at the 

bottom of the sea, increasing water level, which 

causes damage when striking the coast.
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　There are two types of earthquakes: plate 

boundary earthquakes generated at the 

boundary of continental plates, and intraplate 

earthquakes generated away from plate 

boundaries. 

　Plate boundary earthquakes are also called 

trench earthquakes since the deep trench at the 

bottom of the ocean, such as the Japan Trench, 

is located right next to the continental plate 

(hence forming a boundary).

　Intraplate earthquakes are generated in a 

relatively shallow area, right under the land we 

live on, and are also called direct earthquakes.

Plate boundaries are rather far away from the continent, so the seismic intensity (earth tremor) we feel on the ground 

is rather small, as opposed to direct earthquakes, because they are generated right under our feet. This is why damage 

caused by the tremor is important. In the event of a trench earthquake leading to a tsunami, its magnitude is bigger 

than the earth tremor, which I will talk about later on.

　“Asper i t i e s ”…Th i s  expres s i on  t ends 

to be commonly used nowadays by the 

Central Disaster Management Council in its 

presentations concerning the hypocenter of 

Nankai megathrust earthquakes. Also called a 

“locked zone”, it refers to the area where plates 

are strongly stuck to another. It does not merely 

make the continental plate curve down beneath 

the oceanic plate, since it also generates 

earthquakes that may differ depending on 

the size and geographical distribution of such 

asperities. The Central Disaster Management 

Council take the position of these asperities into 

consideration in the epicenter model.

　The particularity of a tsunami is that it gets 

higher as the sea gets shallow, while wave speed 

decreases. As the sea gets shallow, wave length 

decreases: at a specific point, the quantity of 

water carried in one wave equals the one of the 

sea, boosting tsunami height.

　The change in tsunami wave height can 

be roughly estimated using Green’s theorem. 

the change in wave height is given by the 

water depth ratio raised to the 1/4th power. 

Therefore, tsunami gets rapidly higher as the 

water depth decreases.

　The formula to measure the speed 𝐶 of the 

tsunami (as well as storm surge) wave length is 𝐶= √ 𝑔h  (𝑔: gravitational acceleration, h: water depth). Water depth h 

and speed 𝐶 decrease while the wave approaches the coast. Therefore, since waves that follow a tsunami (waves going 

in the same direction as the tsunami after it approaches the coast) travel faster, they catch up with previous waves, 

increasing wave height.
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Some of the expressions commonly used to refer 

to tsunami height are:

- Tsunami height (wave height)

- Flood depth

- Run-up height

- Marking height

etc.

Sometimes, however, these expressions are 

mixed up.

This is often the case with “tsunami height”, as it 

can be used to refer to several concepts.

For instance, we often hear on the news about “a 

30 m tsunami,” however this is not referring to 

the “wave height” (from the bottom to the top of a wave), but to the run-up or marking height.

This is why you have to be particularly careful when you hear the expression “tsunami height”.

　As I have already said, the formula to 

calculate the speed 𝐶 of a tsunami is 𝐶= √ 𝑔h  .

A tsunami in the Pacific Ocean, which is about 

4000 m deep, would propagate at 200 m/s = 

720 km/h, an average speed. This is close to the 

speed of a jet. Therefore, supposing there was 

an earthquake on the other side of the planet, in 

Chile, located 17,000 km from Japan, it would 

reach the coast after 23.6 hours (about one 

day). If this earthquake generates a tsunami, 

this could be even 30 cm high.

　Since tsunami is a long wave with a current 

traveling both at the surface of the water and at 

the bottom of the sea, this 30 cm tsunami could be compared to a 30 cm deep current (river).

In general, when a tsunami exceeds 20 cm high, its speed goes beyond 30 cm/s, thus having a high potential for 

putting lives at risk.

　The propagation and form of a tsunami differ 

depending on the topography of the coast it is 

traveling to.

　Tsunamis as well as normal waves travel 

while forming right angles with isobath (a 

line that connects all points having the same 

depth below a water surface, the same altitude 

on a topographic map, the same atmospheric 

pressure on a weather map). This is why the 

energy of a tsunami tends to concentrate on 

shallow grounds and headlands (= higher 

waves).

　Besides, a tsunami that hits the mouth of a 

bay where land narrows, such as V-shaped bays and rias, concentrates its energy on the inner part of the bay, which 

causes considerable damage.
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　When a tsunami strikes the coast, the depth 

of the sea decreases so much it generates a 

destructive breaking wave. It is possible to 

design structures, such as seawalls, to be hit 

by normal waves, by considering hydrostatic 

pressure (𝑝=𝜌𝑔h), which can only be determined 

by water depth. However, in the case of a 

destructive breaking wave, extra energy is 

deployed by the water mass when struck on 

the wall, leading to an increase in the amount 

of energy that hits the structure. This is why 

these structures face a greater risk of damage. 

Moreover, a tsunami may strike river estuaries, 

and hit inland areas by flowing upstream. Damage to ports is inevitable.

　Therefore, tsunamis can cause several kinds of damage in coastal areas.

　Many coastal structures are damaged by 

tsunamis, as was the case during the Great East 

Japan Earthquake. This damage can be divided 

into the 4 following patterns.

① Damage due to water level difference: when 

sea water overflows, the water level between the 

sea and land sides differ (sea side > land side), 

applying an excessive hydraulic pressure to 

structures, and damaging them.

② Damage due to wave impact: when the 

tsunami breaks onto structures, its water mass 

is applied on it, thus applying an excessive 

energy onto it (breaking wave pressure), and 

damaging these structures.

③ Damage due to drag: structures can be damaged (especially foundations) due to the powerful current accompanying 

a tsunami (speed and overflow).

④ Damage due to scouring: when sea water overflows, it generates a rapid current (supercritical flow) above 

structures which then falls down. Inland structure foundations end up scouring, damaging these structures (which 

frequently occurred during the Great East Japan Earthquake).

　Here are the formulas to determine the 

relationship between earthquake energy and 

magnitude on one hand, and tsunami wave 

height and magnitude (as well as propagation 

distance) on the other hand. To solve this 

equation briefly, when the magnitude increases 

by 1, the energy deployed by an earthquake gets 

32 times bigger. If magnitude only increases by 

0.3, the wave height of a tsunami caused by this 

earthquake would double.

　In this slide, 𝑀_𝑡 refers to tsunami magnitude, 

a parameter indicating the scale of a tsunami. 

In the case of a distant tsunami, the earthquake 

magnitude 𝑀 is roughly equal to the tsunami magnitude 𝑀_𝑡.
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　Magnitude and earthquake energy, as well as the wave height of the tsunami the earthquake generates, do not 

have a linear relationship (that is to say, if one doubles, so does the other). Indeed, since they significantly increase 

compared to the rise in magnitude, it is important that everybody understands the level of danger through information 

given in news flashes mentioning earthquake magnitude.

　In 1993, Shuto and others established the 

correlation between tsunami wave height and 

damage done on houses and other structures, 

based on past surveys on tsunami damage. 

Furthermore, the Central Disaster Management 

Council recently released its tsunami predictions. 

In the event of a tsunami, a wave more than 20 

m high is expected to hit the coast of the Aichi 

Prefecture, which should not exceed 4 m in the 

Mikawa Bay. When this kind of extremely high 

tsunami is predicted, considerable damage is to 

be expected, even in the Mikawa Bay. 

　The Ministry of  Land,  Infrastructure , 

Transport, and Tourism has created a wave 

information network called NOWPHAS (The 

Nationwide Ocean Wave information network 

for Ports and HArbourS) and installed a coastal 

wave monitoring system throughout Japan. 

Thanks to NOWPHAS, Japanese coasts are 

constantly monitored. Information obtained is 

posted on its official website as necessary. The 

GPS systems that were measuring waves on 

the coasts from the Aomori to the Fukushima 

Prefectures (located 100 to 400 m deep in the 

sea, 10 to 20 km off the coast) at the time of the 

2011 tsunami monitored its shape, and transmitted important data, which helped analyzing the particularities of this 

tsunami and working on countermeasures.

　In June 2013, this monitoring system was installed off the mouth of the Ise Bay.

　Let me now talk about the tsunami of March 

11, 2011, as recorded by tide stations of 

the Tokai region. The first wave successively 

reached Omaezaki, Maisaka, Toba, and then 

Nagoya. In Omaezaki and Toba, two cities 

facing the ocean, a very small vibration was 

measured.

　In Maisaka, a small fluctuation was observed 

since the tide station is installed in the Lake 

Hamana, but the water level clearly differed 

from the ordinary tide level. Even the Nagoya 

tide station, located in the innermost part of 

the Ise Bay, recorded a slow fluctuation, and 

the water level increased more than 2 m higher than usual. After one day, the water level was still high, indicating 

how serious the scale (energy) of this tsunami was.
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　A tsunami simulation enables us to calculate 

the strength and scope of fluctuations at the 

bottom of the ocean with a fault model, and to 

measure their propagation by understanding 

the sea level change leading to the first tsunami 

wave. A non-linear long wave equation is used 

to simulate the propagation of a tsunami, 

whereas a simple linear long wave equation 

(which ignores non-linear elements) is used for 

seas deeper than 50 m (to put it simple).

　The simulations you may often see on TV of a 

tsunami propagating on the Pacific Ocean (such 

as in anime) are often calculated with a linear 

long wave equation. It is a rather simple simulation, to the point you could do it at home with your computer. The only 

condition is for you to get information regarding submarine topography and the form of the first tsunami wave.

　This is the result of a tsunami propagation 

simulation we did in our laboratory, for the 

2002 Tokai-Tonankai interrelated earthquakes 

that were predicted and announced by the Aichi 

Prefecture. You can see in red the propagation 

of higher waves (= the tsunami), starting from 

the epicenters of the Tonankai Earthquake 

and of the Tokai Earthquake that reached the 

Suruga Bay to waters off the Kii Peninsula. 

This simulation enables us to understand that 

the first wave reached the tip of the Atsumi 

Peninsula in about 20 minutes.

　Here is the result of a tsunami propagation 

simulation for the 2002 Tokai-Tonankai 

interrelated earthquakes that were predicted 

and announced by the Aichi Prefecture.

The tsunami, which hit the coast by entering 

the mouth of Ise Bay, traveled through a very 

narrow passage between the Chita and the 

Atsumi peninsulas (Nakayama Suido sea route), 

and then hit the Mikawa Bay. This simulation 

enables us to understand that the tsunami 

traveled clockwise, first hitting Ishiki, then 

Katahara and Toyohashi. If we compare wave 

propagation to topographic features of the 

Mikawa Bay coast, we notice that the tsunami started to spread to areas below sea level in the vicinity of Ishiki, and 

then reached other lowlands surrounding the Toyohashi Port.

　It is necessary to predict the consequences of such a disaster not only by taking into consideration the impact of a 

tsunami coming from the ocean on the coast (that is to say, what triggers a disaster), but also land factors (topographic 

features) of the areas it is supposed to hit. Some may think that the Mikawa Bay is less likely to be directly hit by a 

tsunami, because it is connected to the ocean by two narrow bay mouths (Ise and Mikawa). However, it is necessary to 

understand that some areas are potentially at risk for tsunamis (or other coast disasters such as storm surges).
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　A storm surge is a phenomenon during 

which the water level increases higher than it 

usually does during the astronomical tide.

The astronomical tide refers to global water 

level fluctuations due to celestial movements 

(centrifugal force, universal gravitation, 

etc.). Approximately 390 types of elements 

(tidal components) compose this tide, and 

the cycle of these elements range from 8 

hours to 18.6 years. The sea level can be 

theoretically calculated, and the prediction 

results are posted online, such as on the Japan 

Meteorological Agency website. It is crucial to 

refer to water level fluctuations (tide difference) when designing coastal structures.

　However, when a typhoon or very low atmospheric pressure are generated and approach the coast, 1) Seawater 

is sucked from the sea by low pressure (suction effect), 2) Seawater is blown downwind by a strong wind, and if 

there is an enclosed coastal sea in this same direction, the water level inevitably rises. This phenomenon can be 

compared to a long wave since it lasts for several hours, it occurs with a typhoon or low atmospheric pressure, in 

shallow seas. The water level rise due to the wind drift gets more dangerous in shallow waters, since it is inversely 

proportional to water depth.

Δ 𝜂=𝜏_𝑠/𝜌𝑔h 𝐿 　Δ 𝜂：water level rise，𝜏_𝑠：sea shear stress due to sea wind，𝜌：water density，

　　　　　　　　𝑔：gravitational speed，h：average water depth，𝐿：bay size (distance for sea wind to have an 

　 H e r e  i s  a  s u m m a r y  o f  t h e  J a p a n 

Meteorological Agency information on past 

typhoons. There are approximately 26 typhoons 

a year. Among which 3 strike Japan. In Japan, 

typhoons that cause damage are usually referred 

to with numbers from 10 to 20. In 2009, 18 was 

the number of the typhoon that hit the Mikawa 

Bay and generated a storm surge. In November 

2013, the typhoon that hit the Philippines, 

which caused considerable damage, was number 

30.

（Typhoons）The custom throughout the world 

is to give typhoons names. For instance,

Typhoon No.18, 2009: Melor; No.30, 2013: Haiyan, No.15, 1959 (Ise Bay Typhoon): Vera.

A tropical cyclone that reaches a wind speed of 34 knots (17 m/s) or above is called a typhoon. (Japan Meteorological 

Agency)
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　Here are the conditions for an area to be 

considered at risk for storm surges.

- When the mouth of a bay faces the typhoon’s 

path.

- When the typhoon passes by the western side 

of a bay.

- When the axis of a bay coincides with the 

typhoon’s path.

- When water is shallow.

　When a typhoon comes from the south 

or southwest, all the Japanese bays on the 

Pacific Coast are at risk for a storm surge. 

This is especially the case with the three most 

important bays (Tokyo, Ise and Osaka), Ariake and Yatsushiro seas and the Seto Inland Sea.

　A strong wind blows counterclockwise in the heart of a typhoon. When the path and wind direction of a typhoon are 

identical, the wind in its west side gets stronger, which is why it is called a dangerous semicircle. I have already said 

that shallow waters were particularly dangerous. Therefore, the route of a typhoon is a determining factor in storm 

surge generation.

　Here is a comparison of the paths of Typhoon 

Vera (1959) and Typhoon Melor (2009). Since 

Vera hit the tip of the Kii Peninsula by the 

Shiono Cape to travel through the Kii Peninsula, 

the Ise Bay happened to be in the east side of 

the typhoon (forming a dangerous semicircle), 

which caused considerable damage to the coast, 

and especially around the Nagoya Port in the 

inner part of the bay.

　In 2009, Typhoon Melor traveled further 

east than Vera, and after having hit the east 

side of the Kii Peninsula, it hit the tip of the 

Atsumi and Chita peninsulas, and then traveled 

through the west side of the Mikawa Bay. At the time, the Ise Bay was on the west side of the typhoon, so there was 

no considerable damage in comparison to Vera. However, water level abnormally rose in the inner part of the Mikawa 

Bay, to the point cars got submerged and containers were floating in the sea. These two paths only differ a little, but 

such a difference is enough to generate a storm surge.

　Here I will present the particularities of the 

storm surges that hit the Mikawa Bay, such as 

the one caused by Typhoon Melor in 2009. 

Japan has faced a number of storm surges. 

However, Vera caused so considerable damage 

it made people think about preventive measures 

against other coastal disasters. The maximum 

level of water recorded for Vera was T.P. +3.9 m, 

with a 3.4 m deviation. In 2009, the maximum 

level of water recorded for Melor was T.P. 3.15 

m, with a 2.6 m deviation (deviation in the 

Nagoya Port: approx. 1.0 m). 
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