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Introduction of Earthquake Safety

Taiki SAITO

Professor, Dr. of Engeering
Toyohashi University of Technology, Japan

Why earthquake happens?

Let’s look back on the history of Japan. At the end of 1840 The Opium War é] 1853 USA Ship |

the Edo period, Western countries came to colonize in China

1855 Ansei Earthquake |

Asia. In 1840, Opium war broke out between China
and the UK. In 1853 American Matthew Calbraith

1603 Edo Period

T T
1700 1800 1900 2000

Perry of America came to Japan boarding on a black 1600

ship. At that time, Great Ansei Earthquake occurred. Shogun Al Empe_ror

Eventually Edo Shogunate was destroyed. Japan was

Wooden Houses Masonry Houses

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traditional wooden houses have been replaced by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

Namazu E
(Catfish Picture)

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

By o we

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.
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Where is Key Stone? Key stone is enshrined in the premise of Kashima Shrine in
. Ibaraki prefecture. You can see the stone head about 10 cm on

e Ly

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.

Key Stone

The first scientific analysis of the earthquake mechanism is done by

German scientist Alfred Wegener. Story of uncle 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. Alfred Lothar Wegener (1880-1930)

Long time ago Present

North
Atlantic ™/

Ocean .

| South
|Atlantic
Ocean

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.

Foged ivdance

SOUTH AMERICA

‘mmu
Cyrograthus, o

Tratesc land raptia

Im g,
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Because among the scholars of that time there was a
belief that there was a presence of phantom continent (Theory of Earth Contraction)
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, | 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.

Do you know Hot ! inside Earth
“convection” ?

\ _—Mantl

— Plate

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

PERMIAN TRIASSIC
200 mision yesrs ago

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

JURAS:

of merging and breaking up in hundreds of millions

years to come by.
Theory of
Continental Drift
(1915)

PRESENT DAY
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. Not only the continents are moving by the mantle
(Oceanic) Deep / Trench

(Oceanic) Ridge 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

Mantle convection
side of the subductive plate, new plates are being produced

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

Plate T@CtOHiCS at the sea bottom where the plate sinks is called a trench
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.

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.

Mid-ocean Ridge

Once India was an independent small continent. By the

movement of the plate, it gradually shifted northward and The HlmalayaS: Two continents collide

collided with the Eurasian Continent. By that pressure the sea

CEURASIANFPFLATE

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.

. s
e IS

-"/mm Ly
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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.
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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.

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.

2015.09.16
T

Volcanic Front
2014.09.27 Death?, Missing 6

mamod

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.
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Mid-ocean Ridge

Largest hot spring in the world ( Iceland)

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.

Eruption of
Fuji Mountain

Volcanic Front

A EXl
A FALTEN
EEXl

869
Jougan Earth.

Eruption of
Chokai Mountain

Kanto Earth.

MNankai Earth.
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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.

Eurasia Plate

MNorth American Plate

~ Pacific Plate
10cm Year

LJ

3cm fYear

Philippine Plate

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.

Impact of 2011 Great East Japan Earthquake

smnaELeInnen 8 [0E] g scaimene 0¥ [FE]
w31 n T
e ST e S BaTe

‘ o

\ 5 m movemént to east "
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Plate JIRO
Plate TARO

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

of West Japan. The Philippine Sea plate is subducting s /
0 -a s -
with a speed of about several centimeters per year into - 3to5cm mwemntewnw
EH—T .

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. s
A g. — RFAAS (RTRME WM : 2005/10/01 - 208/12/31)
_ Q T Rukas (Gamas mm ou - o)
Why building is weaker than human? ST

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.

Are you feeling “acceleration”?
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.

Weight = Mass X Acceleration Force is different by the acceleration

F=m><[E|

Mass: m =60 kg

Gravity acceleration: G=9.8 m/s’

Weight: F = 60 kgf

10kgf
F = m X a(=G) a
Gravity of Moonis 1/6 G
Since it is on the same planet, the downward gravitational acceleration Force is different by the mass

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

larger for Sumo wrestler than of a child.
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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.

Force from lateral acceleration Force from lateral acceleration
Inertia force opposite to acceleration direction Inertia force opposite to acceleration direction
—p F=-mMXa) A L SRS :]

Lot o

o Acceleration direction Acceleration direction  —
 m— L

When a fat and a thin persons are on the same bus, at that time if the Which inertia force is larger?

bus suddenly starts from stoppage, which person will have larger
F=m X a
inertia force? Since the acceleration is same, the inertia force will be

larger for fat person as the mass is larger. ; ‘ ‘
( : L |

0 O

1

Which inertia force is Iarger? 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

j 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.

Government recommended buildings made of brick.

Brick building is weak against
earthquake

f o n
Ginza Brick Street (1873) Asakusa Brick Tower (1390}
Nm,mwmll o 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 0|
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 mm mE
shaking of the building. LEl _ LA
=)
Shake the model 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.

Response spectrum

Acceleration
EE

(1Y) Natural period of a building

= AR High-rise building "%

\ | - i

) I

ll -I -I I' | I"’-\.I 19?5 Kobe Earthquake

1 4 = el | ., Base isolation
v = ! T=0.1N (SEC) | | 4 ¢ building

1 L}
" .. rJ = .
|- NCTIH
Vir T
- g
T=0.8sec T=0.2sec . 2 == '
0 1 Period 2 BetE

With the increase of number of floors, the buildings may shake like Higher mode vibration

wriggle in the middle. Since the shape of the shaking is unique to the T I er—

building, it is called natural vibration mode. From the order of long E °
oscillation period, we have first mode, second mode, third mode to till =[] .
. . °
equal to the number of stories, that amount of mode. 1 %
[T
In a skyscraper, roughly the shape of the natural vibration mode is a sine oo ° [}
function. The ratio of the next natural period to the first natural period - *
LAl . .
is the ratio of the wavelengths (1, 1/3, 1/5, ... in order). Namely, in a '
s | ) Y T T,=T,/3 T3=T,/5

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 Q Strong or ductile?
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 ‘ t% '
uneconomical to make it too strong only for the earthquake ',r ‘
that rarely comes. So at the time of an earthquake, e
considering the building to be broken somewhat, but not ‘

enough to fall over , the columns and the beams are made /7
ductile. Specifically, we use metal fittings at wooden joints

or densely put reinforcing bars in the reinforced concrete strong ductile
members. In this way, the basic of earthquake resistant
structure is a mechanism to withstand earthquakes by combining strength and ductility.

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.

Force v.s. deformation

loeormanesive) Static force (monotonic loading) dynamic force (such as earthquake)
- '; ] .'\

||
| N S

F o byl F bl p— F

D C/
To construct earthquake resisting building, we have learned that
Energy Concept there are two types. Strength type (Solid type) that makes the

Salsinilc Resistatice = Poiential Enetqy building sturdy and ductile type (soft type) that deforms without

; | %» I collapsing even if it breaks somewhat. At this time, if the area
; F (Flexibility) CiCapacity] P o . '
c'cawg = Energy o (which is called potential energy) of the force vs deformation
U i graph is same for two buildings, the seismic performance can
2 ; & ollapse
v
o F (Flexibility) be considered to be equivalent.
¢ (Capacity) F (Flexibility) € (Capacity) s
_‘ Energy - s
Collapse
F [Flexibility)
For example, how can we retrofit when the seismic Retrofit strategy

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

the potential energy that can be absorbed by the building is

C (Capacity
small? (Capa

One way is to increase the walls and strengthen them.

Another way is to roll carbon fiber around the column so & (Eaniad) F (Flexibility)

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

can increase potential energy. * ..
Capacity Curve F (Flexibility)
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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.

(1. Conventional method) Seismic Retrofitting
: (Toyohashi University of Technology)

Capacity Curve F.:.FI.;Ihi.Iiw]
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.

Retrofitting Techniques 54-Story Bldg. Retrofitted by 288 Oil Dampers.
(2. Resp0"se contml device) Constructed in 1979, retrofitted in 2009 using cil dampers

C(Capacity)

(Danger] Energy dissipation by

O

Capacity Curve F (Flexibility)

(from K. Kasai)

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.

Retrofitting Techniques Example

(3. Seismic isolation)

Restoration of Tokyo Station (2012)

C |Capacity)
Laminated Rubber bearing

Lead damper

Steel damper
e

" e Isolators (352)  — Oil dampers (158)

i . F (Flexibil
Capacity Curve (Flexibility) {Kajima Corp.}
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What is base-isolation?

Let’s try to understand the mechanism of seismic isolation « Isolation from ground P
while conducting a simple hypothesis. First of all, let us C\@({
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’ By balloon? By Magnetic force?
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.

* Seismic Isolation * Example of sliding system

o

Kamakura statue was rehabilitated in 1960 adopting sliding f

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.

Natural Period

A
* Restoring system C Q
time

* Restoring position?

Sliding?

By spring? By sliding on a curved plate?
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To bring it back by using spring method, the natural period Typical base isolation system
will be proportional to the square root of the weight. In other

H 1A - . mmp Cravity Force and Inertia Force
words, the heavier the building gets, the longer will be its =2 ResistingForce
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.

?’":2:’{\]z
g

(m: mass. k: stiffness) (L: curvature,_ g: gravity acceleration)
surface, the natural period is proportional to the square root Effective for heavy weight building ~ Effective for light weight building
of the concave curvature radius. In other words, the more Rubber bearing Sliding bearing

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

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

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

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

Support the weight of building that absorbs energy of vibration depending on the amplitude of

Extend natural period the vibration. By using a damper, you can gradually reduce the
Building | 'Damper sway of the building.
Reduce response amplitude

Damper

As described above, with the base isolation structure, by
Isolator

using the isolator that supports the weight of the building and

Ground § prolongs the natural period of the building and the damper that
Earthquake

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

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

rubber foundation was built in Skopje, the capital of

Macedonia. Since the mass of soft rubber deforms not only Rubber Block
in the horizontal direction but also in the vertical direction, Rubber

gl
when the earthquake occurred, there was a problem that the w

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

Laminated Rubber

the vertical direction but soft in the horizontal direction.

The laminated rubber has a structure in which thin rubber _;—'=_T'“_3
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

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.

Damper used in the seismic isolation system has various shapes

which makes it possible to cover relatively large deformation

Darmpers and to deform in any direction.
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In the seismic isolation structure, it is necessary to provide rge Movement ol bastTeokition:  IPRnMIOR. Joint

- R —————— ] B LT R T
an obstacle-free space (horizontal clearance) around the : ; ﬂ 'V

Gl )
building so that the base isolation layer can deform. Because

i WEEMD
there are seismic isolation pits in the basement of a base i EM o

(E3CEE)

isolation building, usually by setting railings and plantation i

around the building, prevents people from falling into the

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

(expansion) to move with the building.

BEQREXARAL DI

- E3 BEIITIA
Sem FEAE

History of base isolation buildings in foreign countries Let’s look at the base isolation buildings in foreign countries.
- {3LDEHOBERDES

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

is a elevated-floor building with a foundation that combines

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

THEOEAEER

construction dates back a few hundred years ago. So in the
FREzNTOHHAAHDLRE . .
feioes D Slitaasemacoth 104 DE Sacouas) event of an earthquake the log will roll and reduce the shaking

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

;iﬂ;ﬁﬁ,ﬂﬂ 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 Damage of Base Isolation Devises
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 Damage of Conpeciion

equipment.
Distortion of Rust of Isolator
Steel Damper
How to prepare against Tsunami
Velocity of Tsunami Let’s change the subject about tsunami after an earthquake.

g Vim/s)= v{g(m / 5%y z(m) + h{m))

o In the Great East Japan Earthquake, about 90% of nearly 20,000
CZllZ.e EAMEE=I8msY). 2 KE. b ER

J't" victims died because of the tsunami. The speed of the tsunami
.....V; A ‘ is determined by the water depth and wave height. The average
iy V= 084000 <198(n/5)=7130m/ W) denth 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
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 200m Olympic race.

How should we prepare for the tsunami?
77



ERRMBEAZRETOMEHAV Y —F € 2 -

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.

Relocation of houses to high land Multi-defense from Tsunami
St ;nm

Bt

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.

Q. How to help each other

Tsunami hazard map

Help elder people s t each oth
i i i to evacuate Upportaach otner
A Disaster prevention drill ina’shielter
A re2s T SV AN
WA Y hvs
2 S

BEAR EEAHRE FEEHE L

BN —ETy T

[ AxEon
T
=

;:;;@i::.’az.::zm
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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Realistic Disaster Mitigation Drill
Toyohashi city in 2006
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(Slide fro Prof. Hisécia, Kougakuin University)

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. | would like to discuss

with everyone about how these activities can be continued in near future.

Immediate action and information shearing

Support of elder person Check name list Headquarter
(Slide from Prof. Hisada, Kougakuin University)
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Act on Promotion of Seismic Retrofitting The law concerning the promotion of

seismic retrofitting of buildings which is called

Seismic retrofitting promotion act (Law concerning the promotion of Seismic retrofitting) h Kk f . : 1
Purpase: To protect the life, body and property of citizens from damage such as collapse of carthquake-proot repair promotion faw, was
buildings due to earthquake, improving the safety measures of buildings. established and enforced on the occasion of

= Toppled o collspsed  WMajr domage  ® Medium domage B Mnor damagr

1995 Kobe Earthquake the Kobe Farthquake 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

Collapsed
Wooden house

buildings in order to protect the life, body

and property of citizens from damage such as

Buildings built on the old earthquake- L . . .
resistant standards before 1981, are more therefore, assisting in securing public welfare.

likely to be damaged in earthguakes.

1% floor collapse
of a RC building . . . .
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

Collapse of building

occasion of an earthquake. — - - —
® Seismic Experiment of 6-story Reinforced Concrete Building

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)

Let's see this video.

Collapse of building

s 2 wooden houses built before 1981, one
® Oscillation test of wooden house
2 wooden houses built before 1981, one house with reinforcement [left] and the house with reinforcement [left] and the other
other one without reinforcement [right] which were relocated. ithout inf t Iricht hich
Seismic wave input: 1995 Kobe earthquake JR Takatori observation wave 100% one without reintorcemen [I"lg ] which were

relocated.
Building without reinforcement collapse,

housing with reinforcement does not collapse.

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
® December 1985 Seismic retrofitting promotion law Enact
{specific buildings} earthquake resistance standards used by a large

Seismic retrofitting promotion law

= Specific buildings that do not meet the new earthquake

resistance standards of 1981 (Existing ineligible buildings) Schaols. hospitals. 100 number Of people are designated as "Specific
yen shop etc which are

| seismic diagnosis & Retrofitting | Mg by mect. buildings". The owners of such buildings must

® December 2006 Seismic retrofitting promotion law  Amendment take all reasonable endeavors to perform seismic

Expandingtarget of specific buildings
Elementary school, nursing home, office building

diagnosis (checking earthquake resistance),

gimaddled, and if necessary, in case the earthquake
Storage facility for dangerous goods Bulldings with Hehtasin
b resistance performance does not satisfy the new
*blockade of road (emergency transport road, 40
evacuation road) due to collapse of building. i la earthquake resistance criteria, must implement
rbim P
*Incentives towards diagnosis & retrofitting such as I £ \ .1 B seismic YEtYOﬁttlng, as an Obhgatlon-
expansion of subsidy, relaxation of tax and various z - B s . s
o L—‘_—i-..- Subsequently, the Seismic Retrofitting

Width of robeg

s 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 Seismic retrofitting promotion law

Road in Toyohashi City.
Y Y ® Emergency transportation roads in Toyohashi city

An emergency transportation road is a road

on which emergency vehicles such as rescue,

emergency, medical treatment, fire flghtlng Primary emergency transportation road .
secondary emergency transportation road' |
City designated emergency transportation ruad_“,’_
General prefectural road

Emergency road (city)

First designated evacuation shelter
Second designated evacuation shelter

activity and goods transport preferentially

pass when the declaration of warning of the

|1l

earthquake or any disaster occur, and it is
based on uniform selection criteria for country,
prefectures and cities.

There are four kinds of emergency

transportation roads, for example, the primary

[Fram Tesharshi City 5 243

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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Seismic retrofitting promotion law Due to the occurrence of a huge earthquake

® November 2013 Seismic retrofitting promotion law Amendment such as the Great East Japan Earthquake, the

* the expansion of the range of specific buildings, incentives imminence Of the Nal’]kai TI’OUgh‘S massive
related to seismic diagnosis and retrofitting {Feeble to Evacuation)
buildings with old earthquake resistance standards are subject Elderly people, people earthquake and the Epicentric earthquake
to this. Mareover, buildings like mansion, small scale architecture. with disabilities, infants,
-Specific buildings such as large scale facilities used by general children, foreigners of TOkyO is obvious. Steady proceedlng with
people, buildings used by vulnerable people etc are regulated wha don't understand . 1.1 .
to selermic didighosks ihd result publication. Japanessetc: earthquake resistance of buildings, and reducing

Kindergarten, elementary and junior high school,
nursing home, hotel, library etc
*Mitigation of construction regulations subject to retrofitting.

—»Relaxation of regulations of Building Standard Law &
Special measures (volume ratio, building coverage)

human and economic damage as much as

possible is now an urgent necessity.

Therefore, the Seismic Retrofitting Promotion

K'l
-Establishment of display system of earthquake resistance > . s
i @ Act was further revised in November 2013.
Buildings that are certified as earthquake resistant, the

Here, we expanded the range of the specific

certificate must be displayed.

building. Buildings that were built according

(Buildings that don’t have earthquake resistant certificate,
doesn’t always mean they aren’t earthquake resistant)

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.

It has been 20 years since the establishment  The earthquake resistant building rate of Toyohashi
of the renovation promotion law, and conversion

® Percentage of earthquake-resistant buildings in Toyohashi City data: Aoril 2013
ata: April,

of buildings to earthquake resistance has made Suildings built | Buildings builtbefore Now

after New earthquake resistant law resistant

I umber of hquak o

good progress. Classification oo T e o [ ot et b(;;l:.g; Percentage

(“_"hﬂ'-)'ild)* resistant @ resistant

The table shows the ratio of earthquake e
Wooden house 82,100 54,600 13,630 13,870 68,230 83.1%

resistant buildings in Toyohashi City. The |edugueoser | 5330 48,000 9310 199 57310 %6.6%
number of buildings which are seismically  |*" BV AT T T I S

(From Toyohasni ity Seismicretrofing Promation Planof buildingsH 26.3)
diagnosed or statistically estimated that they Building conversion Rate to Earthquake resistance: The number of buildings which are
. seismically diagnosed or statistically estimated thatthey have earthquake resistance (meets
have earthquake resistance (meets earthquake earthquake resistance criteria)is divided by the total number of buildings.
® Current condition:

resistance criteria)is divided by the total number  Buildings: 78.8% (2003) - 88.8% (2013)
o X o . Specific existing incompetent buildings (public): 50 buildings (2007) = 8 buildings
of bUlldlngS, 1S bUlldlng conversion rate to Specific existing incompetent buildings (private): 488 buildings (2007) - 330 buildings

. i1.1s ® Target:
earthquake resistant. As of 2003’ the bUlldlI’lg Fiscal year 2015 90% (Cabinet decision in Fiscal year 2006)

. . Fiscal 2020 95% (Cabinet decision in Fiscal 2010
conversion rate to earthquake resistant was seatyear (Cabinet decision in Fiscal year 2010)

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.
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Subsidy for Seismic diagnosis & Retrofitting in Toyohashi

Partially extracted
® Subsidy and assistance to Seismic diagnosis & Retrofitting (Partially extracted)

{Seismic diagnosis cost)
Dependingonthescale,
Seismic diagnosis cost of
generalwoodenhousesis

*Implementation of free seismic diagnosis for wooden houses which
were built before the new earthquake resistance law.

= Assistance for seismic diagnosis cost of non-wooden houses before

about 15to 25thousand
new earthquake resistance law yen
2/3 of the cost, the maximum limitis 86 thousand yen
® Subsidy for Seismic Retrofitting {seismicretrofitting cost}
Seismicretrofitting costof
*If the value of free diagnosis of wooden house is less than 1, then mostofthe wooden
the value is increased to 0.3 or more that; and if the valueis 1 or housesis

more, then the 23% subsidy of Seismic retrofitting cost, 2/3 of the
design cost, maximum 1.2 millionyen will be provided by
Government.

about 1.5to 2 million

® Subsidy for dismantlingwork (Rebuild)

= If the value of free diagnosis of wooden house is 0.7 or less, then 2/3 of dismantling
construction cost will be covered by subsidy; maximum 200 thousand yen.

(From Toyohashi City Seismic retroficting Prometion Pian of buildings H 26.3)

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.

Towards promotion of Seismic retrofitting

Buildings constructed complying with the old earthquake
resistance law have incentives for Seismic diagnosis and

retrofitting.

First, Need to confirm whether the building was built before 1981

or not.
For buildings built before 1981

->Seismic diagnosis and retrofitting investigation

—>Assistance and subsidy

While seismic diagnosis, seismic performance

Approach to Seismic Diagnosis (review)

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 inertial -
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

deformation
>

Earthquake

force

§ >
Earthguake Tenacious strength (toughness)
Ground motion

Seismic performance by seismic diagnosis

=(strength X toughness) X shape X degree of deterioration

Wag
collapsing

)' peint 1

A

Strength is large but
Toughness is small-building A

Strength

Strength is small but
Toughness is large building B

T

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 thgécurve.



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.

In the case of a reinforced concrete structure, Seismic dia gn osis

I will show the seismic performance of buildings :
@ Incase of Reinforce Concrete Structure

judged by seismic diagnosis. Seismic resistance index Is value 1

B3 e+ MAMEN LS
TR kY

i G EDHEER AT

First, the structural seismic index Is value is  Is= (¢ X C X F) X Sp X T

100

used as an indicator of seismic resistance of $ : Correction coefficient by number of stories & o7
C  :strength index L.
the building. The Is value is calculated from the F :Toughness index
oz
R . . Sp @ shape index ]
above equation, where the strength index C is e R — sttt LI L L i e o)
w Lsfain
the strength of the building, the toughness index £ ol ] ) AR ABBOR <o e AETAA Ly
aE, H 1968 42« LLE 1978 i ¢ T L] 3
F is an index showing the tenaciousness of the g TEARBS L DO UNARE £ R Bt CRERRDT
g & Strength is large but MES 2] ReRBHIZED MBI MERFOME"Y
1 1: . . . . i -huildi CRTRER 00 AT RAREE LU 0 FERASREEHR)
building, and Is is obtained by multiplying them. Jluehness issmail-building A oA, eiieitiniobey
of existing reinforced concrete buildings) -
In addition, apart from these indexes, correction ] No damage beyond medium will occur
Strength is small but to buildings with an Is value 0.6 or
coefficient , shape index which is a reduction jughneslange buiding®  more,
There is a variation in correspondence
coefficient considering the irregularity of the Toughness F between the Is valueand the damage.

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.

Salsiile retrofil‘ting(review) Based on the Is value in the seismic

- - diagnosis, unless the earthquake resistance
@ Strengthen type reinforcement & toughness type reinforcement

performance required by existing buildings is

dﬁgd"” - - satisfied, we will consider seismic retrofitting /
b

= W s

1 E & *Extension of wall reinforcement.

£ ) £ Required seismic Q.‘é\ sIncrease of strength . L
® 1] ] 3

% performance oS T There are four ways to improve the seismic
=
@ & o s 1 1s
& 3 « performance of existing buildings. These are

E *Equip with steel brace

vincreass of strength & strength type, toughness type, damping type

toughness

and base isolation type.

Sy 2 Strength type is a way to increase the strength
g . _ of the existing building as shown in the figure.
Toughness F Winding of fiber sheet
Hicrees o lokghnes Toughness type is a method to increase the
:"Lf,_

toughness of existing building as shown in the

figure. In this way we can have the necessary earthquake resistance performance.
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The damping reinforcement is a method of Seismic retrofitting (review)

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

Strength C

and toughness.
The seismic damper is installed with brace or

frame.

Existing

Required Seismic
performance

Ihqeased absorption
of ehergy due to damper

® Reinforcement by damping: Damper

W

Incorporation of brace into steel damper

B

Seismic retrofitting (review)

® Reinforcement by base isolation

' Required Seismic

L) performance
\ Laminated rubber isolator

Strength C

. Reduction of
S Input ground

S Motion due to
~ Base isolation
; ~ device

Existing

Toughness F

Qil damper

INDEX: HASui s 2
http://wwwjssi.orjp/menshin/m_kenchikwhtml (2014.10)

Perspective of considering seismic retrofitting

® Fulfill required seismic performance

Is :Seismic index of structure
Iso: Seismic judgment index of structure

/ Targetvalue

Is = Iso
Although the basic target
value is set to be 0.6, it may
be increased accordingto the
Importance of the facility.
(Shelter, earthquake
countermeasure

base, etc.)

® Cost

® Usability during construction

*Usage of residence or office even during construction.
*Problems of noise and dust

*Temporary relocationis necessary for construction inside the building
*Construction period should be shorter

® Ensuring of usability and functionality

*Avoid blockage the opening by adding walls.
*Function as a passage; lighting.

Toughness F X ) .
Incorporation of cil damper into frame

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.

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 offthe building.



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.

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.

Types of Seismic retrofitting

Types of Seismic retrofitting

® RC Structure & Steel Structure (excluding wooden house) 1

® RC Structure & Steel Structure (excluding wooden house) 2

Types Reinforced | Maln characteristics Method of construction, Types Reinforced | Maln Characteristics Method of construetion,
partion Matarials portion Materials

Expansion of R wall Frame Increase of sirength & stiffness | Cast in site wall External reinforcement | Frame In:rnseln( md‘;& sl;l‘l:less x

~Closure of i hoe Retrofitting g e

apening Pr':‘:l or no anchor) il sl
Boost of RC Wall Wil increase of strength & stiffness Buttress reinforcement | Frame mncrease of strength & stiffness
Retrofitting while using the

Brace Frame sincrease of strength, stiffness & | Steel brace ST

toughness Concrete brace Need space outside

S A e Base fsolation Bullding | Decrease of Seismic mation, | Natural ubber type

Winding of steel sheet Column *Increase of toughness. laminated rubber
Continwous fiber Column *Increase of toughness Carhon fiber Slldins hearing
winding *Simplicity of construction as no | Palyamide fiber Polyester Hely ey
user of heavy machinery fiber Seismic mitigation Frame Increase of enevgy absorption Viscoelastic damper
” damper Friction damper

o sl il | Col I of st &

Expansion of sleeve wall | Column rw:rersa rength Lo ekt i stwet
* damper

Newly built structural Column =Increase of toughness

st

Expansion of RC Wall

*Increased RC wall to existing frame to improve stiffness & strength
*Might close the openings.

From here on, we will discuss compactly

about seismic retrofitting method.

HEETTLH— is i i i
*Compared to other construction methods, strength is ensured e This is the reinforcement method by addmg
through relatively inexpensive way. the RC wall. In this method we increase the
® seismic retrofitted wall with anchor . . .
) b stiffness and strength by adding RC wall in
General construction method
to joinframe work by post +o .. the existing frame as shown in the picture.
installed anchor. T T
o SRR Compared with other construction methods, it is
As postinstalled anchorwasn't O ot characterized by being able to secure strength
used, vibration and noise are . .
emsll (adhesive bonding by suxsnrw At a relatively low price. There are several
! B a8
epoxy resin etc.) Wk . . .
W types of this construction method. In general, in
@ Precast reinforced wall . . . . .
) the seismic retrofitted wall with post installed
Nao need to cast concrete in LI ur

site
Shorter construction period

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.

Expansion of braces

Adding brace to existing frame to increase the strength and stiffness.
Lighting & Ventilation are secured.

Retrofitted by V shaped steel brace

® Xshape brace T o

P S E— —
® Vshape brace TLr LT

\V4

A L

® Mansard brace Ta

=

Openingcould be
secured.

Retroﬁttslgi by Mansard shaped steel brace

Photo : SRR EA

i R i LI
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External retrofitting As the name suggests external reinforcement

refers to a construction method that reinforces

Increasing strength, stiffness and toughness by attaching reinforcing members to the outside

of the existing frame; by attaching a reinforcing member to the
Construction is possible while using the interior; Renewal of facade is also possible
® Retrofitting by wall outside of the building .
® Retrofitting by brace The main characteristic is that construction
O Rettofittingby frame  ate. 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,

In addition, there are methods such as
attachingdirectly to the structural frame,
installingvia a balcony or an external corridor

and by attachingthrough installmentof floor , the window space can be secured as shown
slab.

frame, and in the case of retrofitting by frame

in the lower left figure. Residence area such as

Retrofitted by frame housing complex or apartment, where lighting
Photo : STHIRIEE A T HHIL 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  pihar sheet winding & Steel plate winding retrofitting

& steel plate winding. Unlike the retrofitting

Improvement of toughness by winding fiber sheet or steel sheet on RC column

methods that raise the strength shown up ET——

® Carbon fiber sheet
@ Polyamide fiber sheet
@ Polyester fiber sheet

to now, it is a construction method aimed at

improving toughness, in particular.
The fiber sheet is winded by using adhesive materials
As shown in the photograph, Winding such as epoxy, urethane,

Tensile force is stronger than steel

Construction is easier than other construction methods.
Since the material is lightweight, materials can be loaded
without using a heavy machine.

Itcan be done mamiallyr.

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 R‘m’fmmbﬂam“ﬁwghm—p T = =ur =T
improving toughness by winding a fiber sheet

P . Photo : ke 22 * http://www.fir-st.com/index.html (2014.10
around column and restraining it from being oto + MRAERHERISRAZ: « hutp://wwwfir-stcom/index himl ( )

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

Retrofitting by Seismic damping

the seismic isolation system is a method of

Increase energy absorption performance of building by using seismic damper

The seismic damper is incorporated with braces and installed in frames absorbing energy by a damplng control

Varieties of damper Installation process: . .
& Sl denione et e system such as a damper and reducing shaking
® Steel damper @ Mid column

ee of the entire building during the earthquake.
@ Friction damper

® Viscoelasticdamper Dampers are installed in mid columns or

incorporated with braces as shown in the

figures, and they can be attached inside or

e outside the building.

Example
of usage in
residence

Figure @ fRE5
Example of

isige in residence https://www.tobishima.co jp/technology/architecture/

seishin_index.html (2014.10)
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Seismic retrofitting using a seismic isolation

Retrofitting by Base Isolation

device is a method of weakening the seismic

By installing a seismic isolation device between the ground and the building,

seismic force transmitted from the ground can be reduced largely. ; : :
The isolation device consists of an isolator (bearing) and a damper. force transmitted from the gI’OUl’ld by 1nstalhng
The isolatersupports the The damper works to quickly stop a seismic isolation device between the ground
buildingand moves itslowly  the continuousshake of the Deformation : large

at the time of an earthquake. building. — and the bulldlng
' A typical seismic isolation system consists of
"isolator" and "damper", and the "isolator" has

§ the role of changing a short period of seismic

Natural rubber type laminated

rubber bearing o i shake to a long period. And the "damper” is an

-

energy absorbing device which works swiftly

to mitigate buildings shaking. Although seismic

L=z
§ retrofitting by base isolation equipment has
o
Sliding bearing cases such as Tokyo station building and Nagoya
Photo : HASEMEHZ:  http://wwwjssi.orjp/menshin/m_kenchikuhtml (2014.10) 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

Example of Retrofitting: Case

in the buildings, and there are many ways of

#® Buildingoverview ® |s value before and after retrofitting (X direction)

retrofitting in compliance with those shapes :zr:li:t.ure: si::xcture P e

& conditions. The cost may not be said Built: 1870 5 1.35 1.35

L L : ; 4 0.76 0.76
unconditionally, but anyway we will introduce ~® Constructionoverview

Cost: Approx. 20 millionyen 3 0.69 0.69

some modification examples. Period: 4 months 2 0.54 0.68

Construction: Yahagi Engineering 1 0.46 0.65

This is a construction method which adopts
® Construction method overview

the external frame construction method which Retrofitting by external frame

(CESRet method)

can do construction while using the interior and  ¢yj,mn 10 pieces (5 facades)

does not impair the functions of the passage

and the lighting property of the window.

Index : EHIHBRHIESS NS A T LW se © S SUE s Ensure entrance Protect aesthetic view

http://www.aichi-gensaijp/ (2014.10)

Similarly, this is a construction method that can

Example of Retrofitting : Case 2

be executed while using the interior such as

® Buildingoverview ® |5 value before and after retrofitting (X direction)
:zr;ll;t:ure: gitssxcture ory | Bakore | A adopting an external frame construction method
Built: 1965 3 168 1.68 that does not impair the function of the passage
®/Sonsmuction cvervicw . k=t and the lighting property of the window.
Cost: approx. 13 millionyen 1 0.41 0.74

Period: approx.9 months
Construction : Yahagi Engineering

@ Construction method overview

Retrofitting by external frame
(CESRet method)
Column 4 pieces (2 fagades)

o —_'" 2 Index | ZEHESEE S EREI S X 7 LWAZEaR e M ARdUg FHtk

http://www.aichi-gensaijp/ (2014.10)

Securing entrance and protecting assthetic view
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Example of Retrofitting : Case 3

This is an example of retrofitting of pretty

® Buildingoverview

® |s value before and after retrofitting(South-west direction)

Structure: SRC structure story Betore After

Scale: 10 story

Built: 1974 5 0.46 0.87
® Construction overview 4 0.43 0.85

Cost: Appro. 2 hundred 40 millionyen 3 0.45 0.78

Period: approx. 7 months 2 0.41 0.77

Construction: Yahagi Engineering 1 0.37 0.63

® Construction method overview

Retrofitting by external frame
(Frame type pit column method)
Column 128 pieces

Before retrofitting

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 : BHIASHEES TR R T LSE e
http://www.aichi-gensaijp/ (2014.10)

M EE s iR

Types of Seismic Retrofitting

After retrofitting

large scale building.

Index : EHVHSHEE S HRE S 27 Lsetings IS Sk
http://www.aichi-gensaijp/ (2014.10)

Example of Retrofitting : Case 4

® Buildingoverview

Structure:

® |5 value before and after retrofitting (South west direction)
RC structure

Story Before After
Scale: 14 story
Built: 1962 5 0.46 0.87
® Construction overview 4 0.43 0.85
Cost: Approx. 630 million yen 3 0.45 0.78
Period: Approx. 1yr2 months 2 0.41 0.77 & e
Eeliad i acade
Construction : Takenaka Corporation 1 0.37 0.63

® Construction method overview

Expansion of RC earthquake resistant

wall

(Adhesion method, add-on method)
Expansion of steel brace
Expansion of latticed steel sheet

panels

Expansion of SRC external frame
Column RC winding stand

Structure slit

= s |

Latticed steel sheet pa.nels. Expansion of RC earthquake

resistant wall

Here, we summarized the construction method

@ Long span structures (Gymnasiums, factories etc), Steel structures

of seismic retrofitting for large span structures

such as gymnasiums, factories and Steel

structures.

Types Reinforced | Main Characteristics Method of construction,
portion Materials

Reinforcement by Frame Increase of strength, Steel brace
brace toughness and stiffness Concrete base
Horizontal brace Roof Increase of strength & Steel brace
retrofitting stiffness

Transmission of horizontal

forces through roof
Rib plateretrofitting | Beam to Reinforcement of beam to
e . column column joint & column to
retrofitting joint column joint
Plate retrofitting
Retrofitting by base | Column Retrofitting of column base
wrapping concrete | base
Retrofitting of Ceiling Prevention of fall or damage Reinforcement of the
ceiling of ceiling ceiling hanger
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Retrofitting of Beam to Column joint Here we show the retrofitting method of the
column to beam connection in Steel structure.

By raising the stiffness and strength around the column joint by using steel plates and knee
braces, it is possible to prevent breakage of the welded joint around the beam jointand its
surroundings.

As a result, the seismic performance is determined by strength and toughness of another
member

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

Rib plate r Pinching hardware

performance such as strength and toughness of
Retrofitting by Rib plate Retrofitting by Knee brace of Pinching joint . . .
members, in a whole the seismic performance

of the entire building will be improved.

For joining retrofitting members, welding and bolt are used.

At sites where fire can not be used, pinchingjoint may be adopted instead of welding. Weldlng and bolt joining are common and

inexpensive for joining of reinforcing members.

Photo © STHSFIEE : TEEMIRTDN D MENC BT U RN — T AR Fo e But in the sites where fire is prohibited, or bolt

Figure : RAF@EE T2 © hitp://www.yahagi.cojp/solution/resist/achieve.html (2014.10) . . .
holes are difficult to open because of vibration,

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

In buildings with large spans like the  patrqfitting of roof by horizontal brace

gymnasium, there are cases where the roof is

Improve strength and stiffness by horizontal bracing of the roof

reinforced, and the Strength and stiffness are In addition to suppressing deformation and damage of the roof during earthquakes, it prevents
the ceiling from falling.

improved by the horizontal brace. Transmit the seismic force to the brace or extension wall through the roof.

Deformation due to

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

Horizontal brace

If the horizontal stiffness of the roof is small,
Retrofitting of roof surface by horizontal a large deformation happens in the center part
In this case, even if retrofitted with walls bracing

shown in the right figure.

and braces at the end part of building, the
o ] ] ) (E5ED) ORI ¢RI D IS AU 75\ SRR — T T
retrofitting member is not effectively working

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

S e Here, we have summarized the method of
Types of Seismic Retrofitting :
retrofitting for wooden houses.
® Wooden house
Types Retrofittin | Main Characteristics Construction method,
g portion Materials
Expansion of load Increase of strength and stiffness | Structural plywood
bearing wall
Expansion of brace Increase of strength and stiffness Wooden brace
Metal brace

External Retrofitting Increase of strength and stiffness | Brace

Using interior while retrofitting Frame
Retrofitting of base Base Making base stronger RC beam extension
Retrofitting of floor (2 Floor The whole building is made to be | Brace, Angle brace beams
story or above) earthquake resistant
Retrofitting of joint Joint Prevent collapse of building due Joint hardware

to coming off beam to column

joints
Making roof lighter Roof By reducing weight of roof,

seismic force can be reduced
Base Isolator Building Reduction of Seismic force
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Retrofitting by Load Bearing Wall Many of the buildings collapsed by the
Increase of strength of buildingthrough load bearing wall

Load bearing wall: A load bearing wall refers to a wall with diagonally installed braces within
the columns and walls with structural plywood hammered with nails.

earthquake are said to have a small amount of

load bearing walls. First of all, increasing the

If the load bearing wall load bearing wall and increasing the resistance
= isnot distributed properly . Thissideshakes
T largel to earthquake shaking becomes the basis of
ﬁ | largely
] rwgod . | | earthquake resistant reinforcement.
Examples of wall standard yield strength used A load bearing wall refers to a wall with
in general diagnostic methods e I
: In one side less wall diagonally installed braces within the columns
Standard wall
oo Tulittance and walls with structural plywood hammered
(kN/m) I
Clay wall (Paint thicknessa0~50mm) 15 with nails.
Brace[15 = 90mm, i :
Sne it Bt 24 ] It shows an example of a wall with standard
In the place of less . . . .
Structural plywood 52 wall, wallneedstobe  yield strength used in the general diagnostic
installed.

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 Retrofitting by Metal Joint
method by using the load bearing wall, in order

In order to make effective use of load bearing walls, columns etc. as members of resisting
to make effective use of COlumnS, load bearing the seismic force, it is necessary to make the joint part secure.
For that purpose retrofitting of the joints of the braces, beams, columns and foundation

walls as members resisting the seismic force , it~ usingmetal jointsis recommended.
-. d)

is necessary to make the joint part secured.
FERDEN WE T -
Unless the joints are solid, there is a risk that ~ “*** .

‘ﬂ‘t\jb—bl
the braces and columns may come off resulting ~ ®=a®
(-

in building collapse due to seismic force.

Example of brace joining

on load-bearing wall o i 5
(Index) KTl 1 MET2HS D ~REEEOTEIEDT T~ Brace end & Column base metal joint retrofitting

The foundation of wooden houses is also

Retrofitting of Base

an important structural element. Like the

In order to make effective use of load bearing walls, columns, etc. as members resisting

seismic forces, it is necessary to make the base firm too. metal jOintS for the load bearing walls to work
For that purpose we make expansion of reinforced concrete fabric base, mat foundation !
etc. = effectively, the foundation must also be solid.

=]

ELEIPON-BET
—ik

If there is no reinforcing bars in the existing

base or if there are large cracks, the base may
REOOU- BN
nsEL

be broken and the upper building may collapse.

Retrofitting by reinforced concrete fabric base . . .
e In such case, we will build a base with new

BEMIFUN-UET
—4EiE

reinforcing bars and make the foundation
strong.

; The increase of only width to the existing
Retroil’ltt-ing by mat foundation < fabric foundation below the base is considered

a type of foundation.
Figure : i MEF25RD< D ~AKEFETOMBHEDT T H~ . . .
Photo : HEEUR AL ERBEUIE I~ £ 2 < 3 5~ Adding that, the other type is called solid

foundation, and that is under the ground floor
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Making Roof Lighter The heavier the house, the heavier the

i . . . i - seismic force will be. This is because weight
By rerocfing the roof tile to a light one to lighten the weight so that the seismic force gets

reduced, Seismic resistance performance is improved. X acceleration due to earthquake motion =

horizontal force acting on the building,

Therefore, the lighter the weight the smaller the

Retile/Reroof

=

seismic force the building will be. That is why,

while retrofitting, when roof is covered with clay

Heavy Japanese roof tile (clay roof tile) Light Slate roof tile (cement type etc) roof tﬂeS, one of the recommendations is that

Metal roof tile
to reduce the seismic force by changing heavy
Lighter
g—} Nearly 40% with Slate tiles tiles to ]ight tiles.
————= Nearly 20% with Metal tiles

By reducing the weight of the roof, it is

*Durable *Inexpensive

*More waterproof, sound & heatinsulation *The surface tends to deteriorate pOSSible to improve seismic performance or

Figure | MR AEFHRI< D~ AELEOHBHEOT i~ have to reduce the amount of walls required.

This shows the seismic retrofitting cost of = o of Seismic Retrofitting (Wooden house)
wooden houses.

Seismic retrofitting construction costs will

vary depending on the size and condition of the 82 T(J-OTE:’;(')(?I[[] il
housing. ERTEE IS AR

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 % & =
‘B, %} 52:' "?3_)

%% %% ¢

T % B e
ERGS IR (R

at about 1.87 million yen or less.

If the structure seismic resistance index Is
value is considerably small, there is a possibility CRBUTICEI3 D R0 RO WERTL)
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.

Estimated cost for each seismic retrofitting construction Indicates the estimated cost for each seismic

® Load bearing wall (Exterior wall)

retrofitting construction.
130~~150 thousand yen/Width 920mm Average 147 thousand yen/width 910mm When seismic retrofitting is Concurrently

o Load bearing wall (interior wall) performed with reforming, the cost of seismic

90~~120thousand yen/Width 910mm Average 121 thousand yen/Width 910mm (nterior) retrOﬁtting ltself tends to be SomeWhat Cheaper-

Average 107 thousand yen/Width 910mm (Closet)

® Roof
15~~20thousand yen/m? Average18 thousand yen/m? (Steel sheet tile)
Average 15 thousand yen/m? (Slate sheet tile)
® Base
40~~55thousand yen/m Average 44 thousand yen/m (Additional)
Average 53 thousand yen/m (Newly buitt)
® Joint
40~~60thousand yen/4 places Average 50 thousand yen/4 places
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Example of Retrofitting: Case 1 It is an example of seismic retrofitting mainly
® Method of Retrofitting ® Buildingoverview by wall reinforcement.
Retrofitting of existing wall MNumber of stories: 2 story

(Earthauakeresistantwalll 23 places  1°floor:  approx.62m?
S 2" floor: approx. 39m?
Built: 1981

® |s value before and after retrofitting

1%floor | 1¥floor | 2**floor | 2 floor
X dir. Y dir. X dir. ¥ dir.

Before | 0.58 | 0.68
After | 1.03 124

® Construction cost

Retrofitting of base 180,000
crack

A T e i N
Astrofiting oFwall 1776,000 R Index @ WL AEELMESEEIE~ET V2R TS
Various expenses 156,000
Total cost 2,112,000

* THRAIgRELTSIA

It's an example of retrofitting of base.

Example of Retrofitting : Case 2

® Method of retrofitting #® Buildingoverview
Retrofitting of existing wall Number of stories: 2story
(Load bearingwall) 2 places 1*floor: approx.53m?
nel .
wess Existing base retrofitting 32m 2" floor: approx. 27m?
Built:1978

® |5 value before and after retrofitting

e 1=floor | 1=fioor | 27 floor | 27 floor
'”l N | X dir. ¥ dir. X dir. ¥ dir.
(2m Before | 0.47 0.80 0.70 1.08
— — After | 106 | 1.27 | 1.01 | 157
® Construction cost
Base retrofitting 1,470,000 32m
R ———— N
Index : W AEFEEMESEFHIE~EFT V2R TS Wl retrofitting 223,000 Splaces
WVarious expenses 84,000
Tatal cost 1,777,000
* TEMRaERiLTHa
x
Example of Retrofitting: Case 3 It is an example where seismic retrofitting is
rri mainl ic reinforcement an
® Retrofitting method ® Buildingoverview carried out mainly by basic reinforcement and
Retrofitting of existing wall MNumber of stories: 2 story Weight reduction of the roof.
(Load bearingwall) 30 places 1#floor:  Approx. 108m?
Lighteningof roof  160m? 24floor:  Approx.47m? Here we have retrofitted roof from Japanese
Built: 1972

roof tiles (roofing) to flat roof slate roofing.
® |s value before and after retrofitting

1#floor | 1%floor | 2% {loor | 27 floor
X dir. ¥ dir. X dir. ¥ dir.

Before | 0.40 | 0.40
After | 1.23 1/39 2,67 3.93

® Construction cost

Base retrofitting 2,050,000 160m?

wall retrofitting 4,145,000 30 places Index : WA AEFEMESUEFHIE~EF W Z2EL T5~
Various expenses 210,000

Total cost 6,405,000

HTRIRFIBBLL T
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Information on Seismic Retrofitting

® Ministry of Education

Ministry of Education homepage
[Example of Seismic retrofitting,

MEmEELMN MEICETLEVNERMESR - MEmRSHIE]
FREZOHEFNEBR. 2AIEE FETSOMELER.

® Aichi Earthquake Disaster Reduction System Research Council of Building
http://www.aichi-gensai.jp/ (2014.10)

[ Low cost seismic retrofitting guidance for Wooden houses |

® Building Disaster Prevention Association

http://www.kenchiku-bosai.or.jp/  (2014.10)
[FETHLTEODDRDMEZE

Other information

® AichiPrefecture Disaster Management Bureau: Aichi Prefecture Disaster Learning System

http://www.quake-learning.pref.aichi.jp/  (2014.10)

| m AR

Simulation of building collapse
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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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Regional Earthquake Disaster Prevention Course

No.3 Tsunami and Storm Surge Basics

Toyohashi University of Technology
Dept. of Architecture and Civil Engineering

(Research Center for Collaborative Area Risk Management)
Shigeru KATO

Differences Between Tsunamis and Storm Surges (1) /A tsunami is unpredictable because it is

generated by an earthquake (also unpredictable).

However, there is time to evacuate, since it

Eaﬂhzt_latkisl are Siiee i allons & takes time for a tsunami to roll across the
unpredictaple. earthquake, structures X
;‘r‘:l"evef;f; ;‘SE‘:;fr;?r: (such as levees and water Depending on the ocean and to reach the coast. The issue when
Tsunami gates, drainage pumps, scale of road and . . .
[::f::‘:he bay e e T ETE building damage an earthquake occurs first is that protective
. structures, etc.) may not . .
1 hour in the 3 Ve structures may be deteriorated by the time a
Mikawa Bay) be functional.
tsunami strikes the coast.
- - A storm surge is caused by a typhoon.
Typhoon’s path and Possible if the storm surge
Storm scale can be is predictable. However, in Depending on the Thanks to the high accuracy of Japanese
S estimated fo a case of heavy rain, it may scale of river
9 certain accuracy. lead to multiple disasters  overflow predictions, storm surges can be estimated to

in addition to river overflow.
a certain accuracy (path and scale). Moreover,

astronomical tides (high and low tides)
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 Differences Between Tsunamis and Storm Surges (2)
due to seismic activity. Wave height increases as

it reaches the coast (where water is shallow). | causes | CHEEEHETSIES

- - Rise (or decline)in ~ -2duakes are
- A storm surge is caused by water suction ( ) unpredictable. However,
the sea level dueto . .
. . submarine it may take time for a Up to 1 hour (but
accompanied by low atmospheric pressure Tsunami "o e tsunami to reach the risk of multiple
. . g . coast. tsunamis)
due to a typhoon, and a strong wind drift (a — Propagation of 00 anied by

water level change e fErErE

movement downwind). These two effects are

Low atmospheric
what make sea surface level rise abnormally. pressure because of
Storm a typhoon (suction 1, accuracy.
Surge effect) and rise in the Accompanied by high
. . . water level due to floods. st
when they strike the coast, since the quantity strong wind drift waves, Tloods, strong

; : wind
(wind drift effect)

Typhoon's path and scale
can be estimated to a

Both tsunamis and storm surges are dangerous Several hours

of water (= wave height) increases when it is

diSplaced to shallow waters. Both get stronger when they approach the coast (as water gets shallow).
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Comparison of the Tsunami/Storm Surge Sea Level - The cycle of one tsunami wave takes 10

Change Over Time minutes to 1 hour.

The 2011 Earthquake and Tsunami Off the Pacific Coast of Tohoku (Omaezaki)
15 T T r T

" Omaczaki —

- The cycle of a storm surge depends on the

T 10+ 1 .

T 0 ﬂ (‘ A wind speed of typhoon and takes several

EN

3 | . .

Tsunami £ *° hours in most cases. The difference between

& b j the two is pretty clear, by comparing the
T e 1200 600 2000 owo0 0«00 sea level change over time. Since both were
5.0 T T T T T
st ke e ] accompanied by the astronomical tide (sea

35
3.0
25
20t
15 F
10
05
0.0

Storm Surge level change = astronomical tide + (tsunami or

Sea Surface Level[m]

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

influence on whether disasters occurred and

L - L L L L
20:00 00:00 0400 08:00 1 16:00

2:00
St d by Typh Melor (Mik: Port] .
orm surge caused by Typhoon Mielor (Mikawa Port) on the scale of those that did occur.

Waves we usually see at the sea travel in pigrerences Between a Tsunami and (Normal) Waves
cycles that last from a few seconds to dozens of

seconds. However, this cycle takes more than - Differences between waves and a tsunami

10 minutes for a tsunami, which is a pretty — Wave length  Waves of a few meters high cause a gentle wave
Afew m to hundreds of m /A few km to dozens or hundreds of km |

long cycle. To be more precise, “a long cycle Boats can overcome a tsunami

« — Movement
refers to "a long wave length (the length of Back and forth movement due to water level change /
one wave).” Waves of both tsunamis and storm Water mass movement, current
surges are said to be “long” because of their — Energy
Wave energy, repetitiveness / Hydrodynamic energy due to the
unusual length. current, uninterrupted movementfor some time

A normal wave measures between a few

Storm surge

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
Learn more about: Tsunamis Y Y Y

is the displacement of a substantial volume
+ Generation mechanism of water attributed to an earthquake at the

Ceneralionfofarearnoliake: bottom of the sea, increasing water level, which

Strain accumulation

causes damage when striking the coast.

Generation of a tsunami:
Water displacement
towards the coast
-— —

Source: Ministry of Education, “Understandingearthquakes™
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Generation Mechanism of Earthquakes

+ Different types of earthquakes

— Trench earthquakes (plate boundary earthquakes)
Earthquake Off the Pacific Coast of Tohoku Region, Tokai Earthquake,
Tonankai Earthquake, Nankai Earthquake

— Direct earthquakes (intraplate earthquakes)
Southern Hyogo Prefecture Earthquake, Niigata Prefecture Chuetsu Earthquake
— due to the movement of an active faultin the tectonic plate

Trench iTrough
Record of direct earthquakes:
O Sichuan Earthquake
(2008, China) Mw 7.9
O Mino-Owari Earthquake
(1891, Gifu Pref.) Mw 8.0

(Biggest direct earthquake recordedin the history of Japan)

niinertl plate

U Oceanic plate

Source: Ministry of Education, “Understanding earthquakes”

Their magnitude is smaller than trench earthquakes, but since they occur beneath land,

they generate massive earth tremor and damage.
Maximum seismic intensity: Southern Hyogo Prefecture Earthquake (7),
Earthquake Off the Pacific Coast of Tohoku Region (7)

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.

“Asperities”---This expression tends
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

1. Aceumulation of
seismic energy

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.

Prediction of Tsunami Height on the Coast

« Tsunami wave height increases as the sea gets
shallow.

* The speed of the tsunami reduces
as the sea gets shallow.

* For a tsunami (long wave):

HZ_(hl e

New waves catch
up with previous
waves

— Green’s theorem:
Ex.: 1

/
H hz)
If water depth h4=1000m, wave height H1=1m
and water depth h,=10m, |::>

Hz = (hi/h2)"*Hy= 100" x 1 =3.16 m

i — >

Hy

‘Source: Japan Meteorological Agency. "Mechanisms of tsunami generation and propagation” (revised)

‘ Japan Meteorological Agency: 1m water depth with Green's theorem = 1m tsunami will hit the coast ‘

Generation Mechanism of
Plate Boundary Earthquakes

Trench
A

3. Generation of an earthquake

Source: Newton separate volume "Future M3 megathrust eathquakes”

0O Asperity
Locked zone: where the continental
and oceanic plates are strongly stuck.
The continental plate is pulled down by
the oceanic plate because of asperities.

2. Strain accumulation

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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Tsunami Height
+ Tsunami height
Flood depth
* Run-up height
* Marking height

Tsunami height

Flood depth Marking height

(Flood depth)

(Marking height)

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

Source: Japan Meteorological Agency, ‘Relationship between tsunami height, flood depth, marking and run-up height at the tide station” (revised)

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=v" 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

800km/h 250km/m

110km/h 36km/h

D

Tsunami Facts & 1

* Speed
C=gh

= g(v + h) (as water gets shallow)

Ex.: If water depth = 4,000 m
(middle of the Pacific Ocean):
C = (9.8 4,000)"2 = 200 (m/s) =

The shallower the sea is, the slower waves travel, so the
720 (km/h) height of waves following the tsunami progressively
increases as the tsunami approaches land.

Distance Japan/Chile: about 17,000 km
An earthquake in Chile would reach Japan after 23.6 hours (1 day)

» Even a 30 cm tsunami is dangerous!

— If tsunami height exceeds 0.2 m, wave speed may exceed 0.3 m/s.
Beach safety standards
+0.2- 0.3 m/s and below: swimming allowed.
+0.3- 0.35 m/s: swim with caution or swimming partly forbidden.

A tsunami warning is issued when a tsunamiis expected
to exceed 0.2 m high when it hits the coast.

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.

Topography Particularities Causing Higher Tsunamis

Source: Newton separate volume "Future M megathrust earthquakes”

V-shaped bay

Headland (point of land with shallow water)

The propagation and form of a tsunami differ
depending on the topography of the coast it is
o 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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Tsunamis Hitting Ports and Coastal Areas When a tsunami strikes the coast, the depth

of the sea decreases so much it generates a

+ Destructive breaking wave destructive breaking wave. It is possible to
— Stronger wave power applied

design structures, such as seawalls, to be hit
to structures

- Rivers flowing upstream T R AR by normal waves, by considering hydrostatic
(in waves or one breaking wave) pressure (p=pgh), which can only be determined
— More damage due to tsunami hitting inland areas, damage to by water depth. However, in the case of a
river structures, levee damage and overflow ) ) )
. Ports destructive breaking wave, extra energy is
— More damage to port infrastructure, == s deployed by the water mass when struck on
vibrations (wave height increase), - the wall, leading to an increase in the amount
more ship damage, and negative P

consequences on fishery = 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 Protective Structures
tsunamis, as was the case during the Great East in Ports and Coastal Areas

Earthquake. This d be divided
Japan Earthquake. This damage can be divide + Potential damage to coastal disaster prevention structures

into the 4 fOIIOWlng patterns oo ® Energy resutting from ® Energy resulting from a fast flow D Hydraulic pressure
E water level difference (stone scattering and ground scouring) v P
. (slide and destruction of - (W:t:r |Eveé)tﬁefore
(D Damage due to water level difference: when he vee) O | and beyondtne
[]
C
sea water overflows, the water level between the o %e';‘:(f’nzﬁv‘:\fze
£
sea and land sides differ (sea side > land side), g @ Drag causediby the
curren
(2
applying an excessive hydraulic pressure to P | @ Scouring caused

@ @ by the current

Wave colision Energy resulting from
(destruction of an early flow
the breast wall) {ground scouring)

structures, and damaging them.

@ Damage due to wave impact: when the
tsunami breaks onto structures, its water mass
is applied on it, thus applying an excessive e 5 oo ot oGt ot Eot o Ett

energy onto it (breaking wave pressure), and

damaging these structures.

® Damage due to drag: structures can be damaged (especially foundations) due to the powerful current accompanying
a tsunami (speed and overflow).

@ 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 Magnitude M,
Energy E and Tsunami Wave Height H

relationship between earthquake energy and
magnitude on one hand, and tsunami wave

« E=10%8+15M = 1048 .1015M height and magnitude (as well as propagation

* Ml’ = lOgmH + loglo D+ 580
(D: propagation distance > 100km) equation briefly, when the magnitude increases
by 1, the energy deployed by an earthquake gets

distance) on the other hand. To solve this

* If magnitude M increases by 1 (AM=1),

then energy E gets 32 times bigger (10°*2" times).
 If magnitude M, increases by 0.3 (AM,=0.3),

then tsunami wave height H doubles (102" times).

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.

Tsunami Damage In 1993, Shuto and others established the

s Mikawa Bay j Ocean correlation between tsunami wave height and

Wave Height (m) 1 2 4 8 16 32 damage done on houses and other structures,
Partl .

Woodenhouses |,/ SO0 Entirely destroyed based on past surveys on tsunami damage.
Stone houses oK (no data) Entirely destroyed Furthermore, the Central Disaster Management
Ferroconcrete oK (no data) Entirely Council recently released its tsunami predictions.

buildings desstroyed
. Some 50% In the event of a tsunami, a wave more than 20
Fishing boats damagp | damaged 100% damaged
T some m high is expected to hit the coast of the Aichi
Minor damage, . . .
Protection forests | smaller tsunagmi, damage, | Entirely destjoyed, Prefecture, which should not exceed 4 m in the
no floating debris no roaFlng no usg . . . :
debris Mikawa Bay. When this kind of extremely high
Shellfish culture Some damage tsunami is predicted, considerable damage is to
: Some 50% 5
Coastalvillages damagp | damaged | 1007 dam3ged be expected, even in the Mikawa Bay.

Somires Shutn 1963

The Ministry of Land, Infrastructure, i
e Ministry of Land, Infrastructure Japanese Observation Network

+ NOWPHAS

The Nationwide Ocean Wave information

Transport, and Tourism has created a wave
information network called NOWPHAS (The

457 o

-

Nationwide Ocean Wave information network network for Ports and HArbourS
http://nowphas.mlit.go.jp/index.html /ﬂ’l.,\/
for Ports and HArbourS) and installed a coastal — Conducted by the Ports and Harbours
wave monitoring system throughout Japan. Bureau, Ministry of Land, Infrastructure, <«
Transport, and Tourism
Thanks to NOWPHAS, Japanese coasts are — Managed by the Port and Airport

Research Institute

+ Coastal wave monitoring,
wave measurement by GPS

constantly monitored. Information obtained is

posted on its official website as necessary. The

GPS systems that were measuring waves on — Understanding the particularities
. , of the 2011 tsunami significantl a C , = e
the coasts from the Aomori to the Fukushima i 9 Y 130 135 140 145
contributes to future countermeasures
Prefectures (located 100 to 400 m deep in the Installed in the Ise Bay since 2013

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.

The 2011 Tsunami Observed in the Tokai Region Let me now talk about the tsunami of March
14:46 11, 2011, as recorded by tide stations of
T 15 L -
EE 10 . 1 r Omaezaki ~— — . . . .
= o5 . ! i the Tokai region. The first wave successivel
B \\;J IW\ W Ml M T gy, TR 7@” /’ & Y
Da I . .
| L] S / &ﬁm . reached Omaezaki, Maisaka, Toba, and then
DB 00 12:00 '16 00 20: DO ﬂD 00 Dd 00 08 200 12 00 16 DD 20 00 un;oog ;g//;
BT i.- T T T e T . U awes Nagoya. In Omaezaki and Toba, two cities
ﬁ“g’ gis: : ‘ﬁ'v w\,”u.j m ,n(«N’"WWJm - W:. 7:?% . . .
a5 sk wa ud U™ - = facing the ocean, a very small vibration was
s e DSIUO 12‘00 :1600 2000 00:00 0400 08:00 12:00 16.00 20.00 00:00 measured
S T AR RS 3 T e 3 @ Successively reached Omaezaki, '
i ok T, ﬂ,\‘” Nk 3 Maisaka, Toba and Nagoya In Maisaka, a small fluctuation was observed
ST osk AN i 4 e Sealevel rise:about 2 min 1 hour
a5 .?_2_/_\ ’wk A e o I ) . L .
3 b e R oﬁlow watzr t|eve| cl:ﬁngezm o since the tide station is installed in the Lake
5 s . agoya, but more than 2 m hig .
SE nf” Tota o In Toba, more than 2 m from the Hamana, but the water level clearly differed
£2 oo .”_”‘\ ~ I le' 1stwave and after 18 hours . .
35 oSf %‘Mm W "3 from the ordinary tide level. Even the Nagoya
@ e UE:DO 1200 1500 20\70 EDGO 0400 OSDD 1200 IEVD 2000 00:00 . . . .
Time [mmihh, 2011/03/11-08/12] 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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How to Pred ict Tsunamis (Simulations) A tsunami simulation enables us to calculate

the strength and scope of fluctuations at the
* Fault model g P

— Prediction of the strength and scope of ground fluctuation by ~ bottom of the ocean with a fault model, and to
applying the following parameters.

measure their propagation by understanding
— The sea level fluctuation it triggers is the first tsunami wave.

Norn the sea level change leading to the first tsunami

Latitude, lo

ngituste and depth
of the faut top

wave. A non-linear long wave equation is used

-200

to simulate the propagation of a tsunami,

Fault length L
an ‘LM ‘LN 7(Non—llnear long wave equatlonzwu

whereas a simple linear long wave equation

T (which ignores non-linear elements) is used for
at at ﬂzy -800 -600 400 200 0 200
oM, 9 (M +i(ﬂ)+gD3_ﬂ+f_x_fN —0 o seas deeper than 50 m (to put it simple).
ot~ ox\ D dy\ D dx p 08 5420 2 4 6 8 10 3 .
AN 3 (MN\ a (N? T, _ setenlin) _ The simulations you may often see on TV of a
A + ™ (T) + @ o + gD @ + ? +fM =0 Flrstw_avte oflthtegsﬂfﬂ;l'akall(-Tonankal
M=DEN=Du.D<hin (Achi Prefecture Tokai ana Torank Eartuakes Damege  LSUNAMI propagating on the Pacific Ocean (such

Prediction Research Report - 2002)

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 Example)
simulation we did in our laboratory, for the 7 | ]

2002 Tokai-Tonankai interrelated earthquakes

{km)

that were predicted and announced by the Aichi

Prefecture. You can see in red the propagation

. . . »QIW -E‘ﬂﬂ —4‘00 -Zlﬂﬂ (‘0 260 LE‘DD fE‘DD —4‘00 72'00 b Eéﬂ
of higher waves (= the tsunami), starting from o

(k) 10 min. after the generation of a tsunami

the epicenters of the Tonankai Earthquake

and of the Tokai Earthquake that reached the

04

-2001 & ol

Suruga Bay to waters off the Kii Peninsula.

{km)

-4004 "
-

This simulation enables us to understand that

600

the first wave reached the tip of the Atsumi o e w m ETRE TS TN T
P . 1 . b t 20 . t (c) 15 min. after the generation of a tsunami (d) 20 min. after the generation of a tsunami
eninsula i abou minutes. -_— _————
Tsunami Propagation in the Mikawa Bay Here is the result of a tsunami propagation

4 Propagation of a tsunami (areas with a high sea level) coming from the ocean to the simulation for the 2002 Tokai-Tonankai
Mikawa Bay after having entered the Ise Bay

@ Areas at risk due to topographic features = areas at risk for tsunami propagation
3 T3 SRR £ & 4

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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Learn more about: Storm Surges A storm surge is a phenomenon during

which the water level increases higher than it
O Phenomenon during which the level of the sea in coastal areas

exceeds the level of the astronomical tide, due to typhoons and usually does during the astronomical tide.

low pressure The astronomical tide refers to global water

— Japan Meteorological Agency Typhoon,
low atmospheric
O Major factors that generate CeEce @ Seawater suction

due to low pressure

a storm surge: —_— — =P (suction) (centrifugal force, universal gravitation,
@ Soawatorbiown (wind drift)

R by the .
(1) Seawater suction due to low pressure o vt S0 e etc.). Approximately 390 types of elements
(2) Seawater blown by the wind (wind drift) eI )]

level fluctuations due to celestial movements

_ (tidal components) compose this tide, and
= The sea level rise generated

propagates as a long wave, with
the typhoon or low pressure.

the cycle of these elements range from 8

hours to 18.6 years. The sea level can be
Suction due to the atmospheric pressure: not connected to water depth.
Wind drift: strongly affected by water depth and coastal topography

(inversely proportional to water depth). results are posted online, such as on the Japan

theoretically calculated, and the prediction

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.

A n=t_s/pgh L A n:water level rise, 7_s : sea shear stress due to sea wind, p : water density,

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

Here 1s a summary of the Japan Typhoon Statistics (1951-2013)
Meteorological Agency information on past
typhoons. There are approximately 26 typhoons * Typhoons per year: 26.2
a year. Among which 3 strike Japan. In Japan, * Typhoons striking Japan per year: 2.8
typhoons that cause damage are usually referred * Typhoons close to Japan per year: ~ 11.5

Total number of typhoons |

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.

No. of Landing
CenwhNON®E©OD

(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

Areas at Risk for Storm Surges

considered at risk for storm surges.

. . A ith fre t ste
« Bays and inland seas with "™ reauent sierm suoes

a mouth oriented in the
direction of the typhoon.

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

Osaka Bay
1934.9.21 Muroto typhoon
1950.9.03 Typhoon Jane
1961.9.16  Typhoon Nancy

path.

+ For the Pacific Coast,
when the typhoon’s path
strikes the west side of a
bay (dangerous
semicircle).

- When the typhoon passes by the western side

of a bay.

Suonada
1942.8.27 Typhoon
- When the axis of a bay coincides with the
Tokyo Bay

1917.10.01
Typhoon

Arlake Sea
1985. 8. 30
Typhoon Pat

« When the axis of a bay = typhoon's path.
the typhoon's path (strong
wind blowing towards the

inner part of the bay).

Ise Bay
1959. 9. 26
Typhoon Vera

- When water is shallow.

When a typhoon comes from the south
« Areas with relatively
shallow sea.

Southern Kyushu

1945.9, 17 Yekurazaki

w— Areas most at risk for storm surges

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

Typhoon Path

A~
Vera (1959) and TyphOOn MelOI‘ (2009) SinCe (Prepared by the Aichi Prefecture, in comparisonwith Typhoon Vera) )jﬁ/? :
5 B
Vera hit the tip of the Kii Peninsula by the = Common Elements AT

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.

Vera: Nagoya Port on the right side of the typhoon's path E /

Melor: Mikawa Port on the right side of the typhoon's path )
j(—zfmuw/ W

<

// ¥ -.
- e Y
-~ ot 5 B [P
e " e
Nﬁﬁ ; Oct 8.4 A
4) Mikawa Port
Main Damage e H
i ke i e H
Mikawa Port T { i ks

Cars for exportation submerged,’w

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

empty containers floating
Tahara City

City river overflow (Shiockawa), house floods,

(floods above floor level: 46 houses,

basement floods: 90 houses)

I Typhoon Melor |
I Typhoon Vera |

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.

Major Storm Surge Damage in Japan
(since Vera)

+ Typhoon Vera (Sept. 26, 1959) (Mikawa Port, 3.30m, 2.6 m)
max. tide level T.P. 3.9 m, max. deviation 3.4 m (Nagoya)

almost
« Typhoon Nancy (Osaka Bay, Sept. 16, 1961) 3.0m, 2.5m equal to
« Typhoon Bart (Ariake Sea, Sept. 24, 1999) 4.2m,3.9m Vera

« Typhoon Melor (Mikawa Bay, Oct. 8, 2009) | 3.15m,2.6 m

3r Vo3@mo o

2 o 34 é
3 \ H
2 I o Tieie X 3
o /™ predicteg S a
@ a - ~ =
E  0fTokn Bay average T'P.+0%; H
N 3

-1 Vera

- . L Ly
z 101214161820 2224 2 4 6 Bns 12:00 AM
D3y 26 10/8/09

Day datestme
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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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