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Abstract for:

“The History and Significance of Japanese Earthquake Countermeasures™

Japan is well known for its earthquakes; the damage that they cause sometimes
makes international headlines, one example being the disaster that occurred on March 11,
2011. Through my research, I found that although Japan has always been plagued by
earthquakes, the Japanese government only started to seriously cre.ate and enforce
building regulations in the past 50 years, Also, there is a clear pattern of revisions and
new building codes being added soon after highly destructive earthquakes strike. Since
the 2011 Tohoku earthquake no new regulations have been enforced, but researchers are
undoubtedly striving to discover new and better earthquake counfermeasure technology.

This paper discusses an overall view of the anti-earthquake technologies that
Japan already has and how they work, regulations that are in place, differences between
small buildings and skyscrapers, as well as new technology and the future of anti-
earthquake measures. It also compares and contrasts Japan with other countries that
experience regular earthquakes, such as Chile and Mexico, while showcasing the
technology and procedures that are unique to Japan.

Although my research focuses on earthquakes, the main topic is people. Anti-
earthquake technology is created to save people and is essential in Japan, a country which
already has a population crisis and a growing number of elders who may struggle in the
event of a natural disaster. With international help, Japan and other earthquake-riddled
countries can use technology to become safe countries where no one is fazed — much less

afraid of — natural disasters such as earthquakes.
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contrast with Japan’s low youth population. The countermeasures that Japan has now are useful
and have no doubt saved many lives, but with interational help, Japan and other earthquake-
riddled countries can become safe countries where no one is fazed — much less afraid of — natural

disasters such as earthquakes.

Seismic Waves and Measurement Scales

Before we discuss techniques to reduce the effects of earthquakes, we must first

understand how earthquakes are created and how they cause damage to structures. It is common

Four Tectonic Plates Surrounding knowledge that earthquakes are created at fault
Japan .

lines, or the places where two tectonic plates

“meet. Japan and its numerous small islands are
situated above four different tectonic plates,
and the bedrock of these four plates — the
North American plate, the Pacific plate, the
Philippine plate, and the Furasian plate,
grouped together as seen in figure 1 - grinds
together at fault lines, usually with one

Figure 1 tectonic plate forcing its way underneath another,
until it distorts past its limit, The accumulated_stress is released, forming seismic waves, An

earthquake’s strength is calculated by measuring the strength of these waves (Saitou 16).

Each earthquake has only one magnitude, which is a numerical representation of the
energy at the epicenter of the earthquake. There is no unified international standard of
measurement for magnitudes, so caution should be used when cmﬁparing them. Although the

moment magnitude (Mw) scale is used internationally and the Richter scale is used often in the
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uses its seismic scale as a warning device (Saitou 24). Although the scale only goes up to number

7, levels 5 and 6 are divided into “weak” and “strong” for a total of 10 levels.

The Shindo Scale (Saitou 25)

Level 0 People don’t feel any vibrations

Level | People sitting quietly inside a room may feel some slight vibrations
Level 2 A majority of people sitting quietly in a room feel vibrations

Level 3 A majority of people inside of rooms feel vibrations

Level 4 -Most people are surprised

-Lamps and other hanging objects sway

-Fasily moved ornaments may fall over

Level 5 Wealk

-A majority of people feel fear and the need to hold onto something
-Plates and books that are on shelves may fall

- Furniture that isn’t fixed to the wall and other unstable objects may move

Level 5
Strong

-Walking is difficult if you don’t hold on to something
-Many plates or books that are on shelves fall
- Furniture that isn’t fixed to the wall may fall

-Block walls that aren’t reinforced may collapse

Level 6 Weak

- It is difficult to stand

- Almost all furniture that isn’t fixed to the wall will move, and many of them
will fall. Sometimes doors cannot be opened

-Tiled walls or window glass may shatter and fall

-For low wooden buildings with earthquake counter-measures, tiles may fall
and the building may tilt or shake

Level 6
| Strong

-The only form of movement is crawling. Some people may be sent flying
-Almost all furniture that 1sn’t fixed to the wall will move, and many things
will fall

- Many low wooden buildings with earthquake counter-measures will tilt or
shake

-Large cracks in the ground may form, and landslides or the collapse of
edifices may oceur

Level 7

- The tilting and shaking of low wooden buildings with earthquake
countermeasures will become even more pronounced

-Rarely, tall buildings with counter-measures may tilt

-Many objects will fall in low, reinforced-concrete buildings with counter-
measures
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most valuable research comes from buildings that are still standing after surviving thousands of

vears of earthquakes.

Historical Engineering

Although engineers nowadays are able to use the laws of physics and mathematics to
design structurally sound buildings, the engineers who designed buildings hundreds of years ago
were working with almost pure estimation, They had a good grasp on the basics, such as the
strength of stone versus the strength of wood, or the importance of a good foundation, but when
it came to actually putting everything together, they had to learn from their mistakes. In Europe,
it most likely took decades of rebuilding after wars for castle builders to perfect walls that could
take a beating from battering rams, arrows, and fire. In Japan, the same process took place with
garthquakes instead of man-made destruction, Also, scholars who traveled to China, Korea, and
other countries brought back not only tea and cultural customs, but also building technology and
architectural styles.

One example of construction that has been shared across Asian borders and is known
around the world is that of Asian pagodas. Pagddas can be any number of levels, although they
are usually built with an odd number of levels, and look different from country to country. 3-
storey pagodas in China and Japan are known for their resilience against carthquakes, as many of
them are well over hundreds of years old. The 5-storey pagoda at Toji Temple in Kyoto has
burned down multiple times, but has never been destroyed by an eérthquake (Why Pagodas
Don’t Fall Down),

The Toji Temple pagoda was constructed differently from other pagodas around the
world, and those slight changes may be what have kept it standing for so long. For example, the

overhang on the eaves of the pagoda is much longer than most pagodas. This is to keep rainwater
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of having the logs in the foundation, the tempie has logs in between the stone arches and pillars
(Saitou 120). It seems that quake-absorbing and damping technology was the most widely used
technology in Europe and the Middle East,

Unfortunately, structures that have stayed standing even until the present do not
necessarily have seismic technologies built-in. On April 25, 2015, a 7.8-magnitude earthquake
struck and devastated the Kathmandu Valley in Nepal (Gannon). The Kathmandu Valley is the
“cﬁltural heart of Nepal” and has seven UNESCO monument zones (Gannon), Although the
devastation was horrendous, what was most interesting was that next to a building that had
escaped with little or no damage, there would be a pile of rubbish from a completely demolished
building. Amongst the rubble were the remains of a fifth-century Buddhist temple and the
Dharahara Tower, which had been rebuilt in 1934 after an earthquake damaged the original 1832

structure (Gannon),

Building Design

There are many tricks and additions that engineers can use to reduce the impact of
seismic force on a building, but every building’s protection always starts with its basic design.
Right from the start, decisions on building materials, the amount of space in ¢ach room, and how
tall the building will be are all crucial to the builrding’s structural stability, Also, the taller the
building, the more requirements it has to pass to receive approval for its construction (Vastag).
Finally, the structure’s location should be taken into account.

At the most basic level, architects and engineers in earthquake-prone areas tend to design
sjmmetrical buildings with few ornaments. This is because asymmetrical buildings are weak

along their longitudinal axis and may break apart when stress is focused élong that line. Also,
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the buildings in Japan have been required to have an earthquake-resistant structure (Real Estate
Tokyo). These structures can be anything from simple trusses, which are. inserted to strengthen
wall frames and are found in most buildings, to moment-resisting frames or base isolation
systems.

Of course, the size and height of a building determine what sorts of technology should be
used to strengthen it. Short buildings (anything less than three stories) are only required to have
reinforced walls and particularly thick foundations. Mid-rise buildings, which are classified as
being up to 100 feet tall and include hospitals or office buildings, sometimes have rubber or
fluid-filled shock absorbers installed in the foundation. These shock absorbers move side to side
when an earthquake hits, dissipating the lateral motion of the shock waves (Vastag), Another
option for mid-rise buildings is to use Base isolation systems. Base isolation systems *“[float] a
building above its foundation on a system of bearings, springs, or padded cylinders” (Harris),
Base isolation systems allow the foundation to move without upsetting the structure above it.

Skyscrapers and high-rise structures are without a doubt the most challenging structures
for engineers. to design. Many taller buildings use a mixture of techniques for shorter buildings,
but sometimes extra protection is needed. One of the most commonly used techniques is that of
damping systems. Damping systems can either use liquid or a heavy mass, and unlike shock
absorbers, they are placed at the top of a building instead of in the foundation. When the building
begins to vibrate due to seismic waves, the mass rotates in the opposite direction and reduces the
amplification of the seismic vibrations (Harris).

Tokyo Sky Tree, which was completed in 2012 and is the tallest tower in Japan at 634
meters, uses both solid and liquid mass damping systems. The concrete tower at its core doubles

as a modern shinbashira — much like with the historical pagodas, the column is structurally
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Regulations for Buildings

Building regulations are spelled out in a country’s building codes. Building codes are
defined as a “set of minimum regulations intended to safeguard public health, safety, and [the]
general welfare of the occupants” (Moehle). Each country takes a different approach to the
creation and enforcement of its building codes. Some countries have codes created by
government agencies and enforced nationwide, whereas other countries give local jurisdictions
the authority to create and enforce their own building codes (Moehle). For example,
municipalities in Tokyo and Shizuoka have established their own guidelines for public buildings
such as schools, hospitals, and libraries. Also, metropolitan areas usually have higher standards
than other areas in order to guarantee urban functions in the event of a natural disaster (Saitou
74).

Before 1919, Japan did not have a uniform building code. Even after its creation, the code
only placed height limits on buildings, a code which was abolished in 1970. The first provision
for earthquake-protection in urban building codes was added in 1924, a year after the Great
Kanto earthquake (Saitou 64). In fact, almost every major earthquake has caused the Japanese
goVemment to reevaluate its building regulations, Despite that, no new provisions have been
added since the 2011 Tohoku earthquake, by far the strongest and most destructive earthqualke in
Japan’s hisiory. However, this may be because the more immediate devastation was caused by
the tsunami and the danger created by the nuclear power plant in Fukushima, not by secondhand
damage from the earthquake itself.

Most of the property damage and loss of life caused by the Great Kanto Earthquake was
also not from the earthquake itself, but from the fires that raged throughout Tokyo. Out of
105,000 dead or missing, it is said that about 90,000 people passéd away from fire-related

causes, a percentage exponentially higher than those who were crushed to death (Saitou 62).
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users and architects, as well as a more precise method for architects. For all three methods, if the
value is less than 1.0 the building is considered to be in danger of collapse in the event of an

earthquake (Saitou). Buildings that were built before 1981 did not have to follow diagnostic

measures or measure for horizontal seismic intensity ratios or worry about Is , so very few of

them have earthquake countermeasures. Such buildings are classified as “existing ineligible
buildings” (Saitou 70).

You may be asking, ineligible for what? In June 1995, the Earthquake Disaster Special
Measures Law established a state aid rate to renovate and strengthen public elementary and
middle schools. Using these subsidies and the seismic diagnoses for renovations, Japan’s public
schools have become much safer. Also, in December of the same year the Seismic
Refurbishment Promotion Act targeted unsatisfactory standards in schools, elderly homes,
hospitals, department stores, and other public, large-scale buildings. Included in this list are
buildings that handle hazardous materials as well as homes or buildings that, if they collapsed,
could block evacuation routes (Saitou 70). The Seismic Refurbishment Promotion Act has
provided subsidies, grants, low interest rates and tax reduction on loans and financing plans used
to renovate and refurbish such buildings, all of which are considered “specified designated
buildings” (Saitou 70).

In Japan, it is not rare to tear down a house and build a new one every 50 years, rather
than just remodeling or fixing problems in the old house. However, when constructing a new
building, the evaluation process is fairly different. Before construction begins, design plans for
the new house must be submitted to a specific housing performance evaluation institution. This
evaluation institution is a trustworthy third party so future homeowners can be sure that their

home plans are truly up to code and the builders are following regulations. After the designs are
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frames rock up and down, directing energy down towards a fitting in the foundation that has
many steel tooth-like fuses. The fuses smash together, and once the earthquake is over the steel
cables pull the structure back into place. The fuses, rather than the structure itself, may break and
quickly be replaced by workers (Harris),

While this works as a quick fix to keep construction costs for the actual building low after
an earthquake, the cost of labor and replacement fuses could rise quickly. Assuming that fuses
break every time there is an earthquake and that multiple fuses break every time, the cost of
upkeep could exceed the cost of installation in just a few years, especially in Japan where
carthquakes happen almost daily. Then there is the issue of all the used fuses, and whether or not
they can be recycled and reused. Finally, because the building is allowed to shake without
breaking, the things inside of it also shake. With no stabilization, everyday objects in the home
can become deadly weapons in the event of an earthquake. The rocking frame protects of the
shape of a structure, but just the shape is not enough.

Another technique, called the seismic invisibility cloak, uses plastic rings to make a
structure “invisible” to seismic waves. The plastic rings are buried concentrically under the
foundation of the structure and are compressed when they are struck by the waves. The rings
guide the energy of the waves to exit through the other side of the rings without disturbing the
foundation above (Harris).

This technique was first tested back in 2013 by a team of French engineers and ground
spécialists. However, their test hypothesis was slightly different, The test was done in a
sedimentafy river basin in Southern France. As mentioned earlier in this paper, sandy soil and
sedimentafy basins can amplify seismic waves. Rather than using springs that passed the seismic
energy along. through and out the opposite side, these researchers decided to dig vertical columns

in a pattern in their test arca, creating voids. These voids later reflected the manmade waves sent
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out of three earthquake-shaking dimensions, and it would not protect a house against an
earthquake that rises more than three centimeters. In fact, it is almost more dangerous to have a
house unattached to its foundation, as it could slip right off in the event of a tall earthquake wave
or tsunami (Abrams). Also, some earthquakes have their biggest tremors at the beginning of the
quake, and by the time the airbag is fully inflated it may be “pushing up against the rubble of an
already damaged house” (Abrams).

That being said, by the end of 2012 close to 100 homes had already been retrofitted with
Air Danshin’s system. It is unknown how many are now in use, or how well the system has
protected those homes from damage (Abrams). The system costs three million yen
(approximately $28,000 at the current exchange rate) and may be considered a worthy
investment to those who seck to protect their home. After all, $28,000 is a small price to pay to
protect a home many years. The only question is how much are homeowners willing to pay to
protect their investment? One tenth of the total cost of the house? Half of the total cost?
Homeowners who are willing to spend $800,000 or more for the tuxury home of their dreams
might see $28,000 as small change, but others may be hesitant fo invest that much in technology
that has not yet been scientifically proven.

Competing against Air Danshin’s system is the latest base isolation system from
California-based company Arx Pax. The company, which is known for its Hendo Hoverboard,
has designed a three-part building foundation system that uses magnetic-field architecture to
float an entire structure off its foundation after a queue from the U.S. Geological Survey’s
ShakeAlert system (Terdiman). Ark Pax’s CEO even boasted that the hover system only needs
“one second [of warning],” a time which very well may beat Air Danshin’s bulky airbag design

(Terdiman).
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money to actually build a working prototype, and that means the world may not see this

technology in action for quite some time.

Predicting the Next Big Earthquake

One of the most important counter-measures against earthquakes is knowing when they
will come, Even just a few seconds of prior notice gives someone the time to turn off his or her
stove or heater, which can reduce the risk of a house-fire. In fact, the secondary destruction that
comes from earthquakes — such as destruction caused by fire or tsunamis - can take more lives
than the event of the earthquake itself. Currently, the Japanese Meteorological Agency is able to
send out an emergency message to receiving terminals with the exact location and time of
Shindo level 3 or larger earthquake within a minute and a half of its occurrence. Emergency
messages are sent out by television, radio, cellphone messages, and are made avaﬂable on the
Internet Whenever a Shindo 5 (weak) level or higher earthquake has been detected (Saitou 24),

These emergency messages are sent out by the Japanese Meteorological Agency afler
their observation networks have recorded hits on two or more seismographs. There are many
different kinds of seismographs and each has a specific purpose, so researchers cannot rely on
just one machine. For example, a broadband seismometer is able to capture slow earthquake
vibrations and analyze the Earth’s interior structure, but it cannot measure strong vibrations. That
is why researchers also use a strong-motion seismometer, which does what a broadband
seismometer cannot. When these systems are added together with a seismic calculator function
and a recording device, they become proper seismographs (Saitou 26). Funnily enough, the
Séfsmograpll was invented by a Japanese man, Dr. Kyoji Suchiro, but was first tested in

California when Suehiro was invited to America to give a lecture (Saitou 50).
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The Meteorological Agency has a wide range of sensors covering just the area that
researchers believe will be affected most by the Tokai earthquake when it hits. Any time sensors
in and around this area detect seismic vibrations, changes in the frequencies are observed. If the
deformation is fairly far away from the Tokai area and the changes are accompanied by multiple
low-intensity earthquakes in that area, it can be assumed that the anomaly has no relation with
thle Tokai earthquake. In 2004 and 2003, researchers had to deal with many false hits in the
Tokai area, which caused many tense months of close observation (Hoshiba).

Because it is imminent and predicted to cause destruction on par with the Tohoku
earthquake (around magnitude 9.0}, the Tokai earthquake has its own alert system, and even has
its own page on the JMA website. A Tokai earthquake report is issued if significant changes are
detected by at least one sensor in the Tokai area, or if notable activity has occurred in the source
region, but the information cannot be evaluated immediately. An advisory is issued when the
same seismic activity has been evaluated and regarded as “enhanced,” which means the seismic
activity may or may not be a precursor to the Tokai earthquake. Finally, a warning is sent out
when the significant changes in seismic activity are reported at three or more sensors in the

Tokai region and the Tokai earthquake is about to occur soon (Hoshiba).

Societal Reactions to Natural Disasters

When even the most modern, expensive technology fails, humans are left to rely on
themselves and help from others, Natural disasters shake societies in multiple ways, but there are
also multiple ways for people to help rebuild afterwards. This was especially true for Japanese
;clrchitects, who felt pressure to change after the disastrous events of the 3/11 Tohoku earthquake.
Before, architects were viewed only as “[designers of] special ﬂamboyant buildings,” not so

much designers for emergency structures or advocates of strength and safety (Tamashige).
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of 2011 related to disaster rescue law, emergency preparedness, food sanitation regulation, and
victim support (Umeda). These laws and the changes that came from them were not meant to just
help the victims of the earthquake and tsunami, either. They are laws that protect all of Japan’s
residents, especially the laws regarding close watch over the amount of radioactivity found in
Japan’s food products and the laws that equate to better preparedness for the next earthqualke, no

matter where it may strike.

International Cooperation

Japan was not the first country to suffer from a natural disaster, and it will not be the last,
After natural disasters, aid and resources are quick to come from overseas. However, there are
times that material resources are not the only resources that are needed. The idea that countries
should band together and share educational and research resources was one of the main points
for the creation of JICA, an international seismic training program.

Started in 1977, the five-week program lectures trainees from developing countries such
as Algeria, El Salvador, Haiti, and Thailand, on earthquake and tsunami mechanisms as well as
earthquake-resistant technology. The students ar¢ invited to Japan, where théy are taught the
material and then shown examples of the technology in various buildings and universities
{ ICA’s World). The Building Research Institute’s International Institute of Seismology and
Earthquake Engineering also has a similar international training program that has been around
since 1962, with more than 1500 trainees visiting from 50 countries (Saitou 152).

The JICA program and other similar training programs allow Japan to share its
knowledge and technology with students in other countries, but the sharing is a one-way street
where the students receive knowledge and then take that knowledge back to their own countries.

While it is important to pass down information to those who did not have it before, it is also




McLendon 26

Japanese politicians work hard to solve Japan’s internal problems, but natural disasters
are not only Japan’s problem. They are a global problem, and international aid should not just be
limited to donations of money, food, ete. In the 1990s, Japan was the world’s largest contributor
to official development assistance, through post-war reparations and peace contributions.
However, economic difficulties cause the amount of ODA in Japan’s budget to be reduced each
year (Saitou). Training programs such as JICA are a good beginning, but the switch from
monetary assistance to technology assistance may be slow in coming. Not that they should be
treated as simple assistance — international cooperation requires constant communication, not just
communication during a rebuild period.

Just as each earthquake is unique and constantly changing, our reactions to earthquakes
must also be fluid. When the procedures for natural disasters become static, or Whén we stop
trying to learn from what has occurred, we leave holes in our defenses. That does not mean that
we can only learn from our experiences, however. Even in periods of peace, we must work hard
to think outside the box and predict what may oceur. .Only by being prepared ahead of time can
we reduce damage before it can occur. Finally, we must not be stingy with our knowledge, and
share it in the hopes of creating international alliances. The insights and assistance from others

have never proven to be more trouble than they are worth.
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because the Japanese islands, unlike any other place on Earth, are situated above 4 tectonic plates

that are constantly colliding. Amongst sinking deep sea plates are trenches, and trenches that are

less than 6000 meters deep are called troughs. To the east of the Japanese islands is the Japan

Trench, and to the south is the Nankai Trough.

#5 Periodically Repeating Earthquakes

Once the bedrock distorts past its limit, the surfaces of the faults crash together and an
earthquake occurs. After that, there is a tranquil period until the distortions once more
accumulate. Whenever there is an earthquake fault lines come out of alignment, therefore the
relationship between time and how far the gap has widened increases in stair-like increments on
aﬁ expanding graph. The graph’s average trend is called the average displacement rate, and
depending on their level of activity active faults are sorted into AA, A, B, and C classes.

Awajl Island’s Nojima Fault is B-class (with an average displacement rate of 1 meter
every thousand years), and in 1995 in the southern part of Hyougo prefecture an earthquake
occurred which caused the fault to slip about 1.5 meters, a distance which had not happened
sihcé 1500 years before then. Japan’s inland has no AA-class active faults, but about 100 A-class,
about 750 B-class, and about 450 C-class active faults have been confirmed. Because it is
difficult to confirm the existence of C-class active faults, it is thought that the number is actually
much higher.

The Philippine Sea Plate sinks into the Nankai Trough several centimeters each year, and
most of that movement is caused by fault slippage, so the Nankai Trough’s active fault line is

classified as a high AA-class. The faults from previous earthquakes in the eastern sea,
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widely utilized. The southern part of Hyougo prefecture’s 1995 earthquake had an Mjmagnitude
of 7.3, but an Mw magnitude of 6.9. A magnitude will be unique according to the definition used,
so caution is needed when comparing them. Moment magnitude better shows the scale of larger
earthquakes, so its 9.0 is used for the 2011 Tohoku-Pacific Ocean Earthquake (Great East Japan
Earthquake).

An earthquake’s energy is proportionaté to the fault area multiplied by the amount of
slippage. If the magnitude goes up 1.0 the energy goes up about 30 times, and the fault’s length
goes up approximately 3 times (area by 10 times, length by 3 times) proportionately, A
magnitude 5 earthquake’s fault is usually about 4 km long, so using this proportion a magnitude
6 earthquake’s fault will be 12 km long, magnitude 7 would be 40 km long, magnitude 8 would
be 120 km and so on. The magnitude 9.0 Tohoku Earthquake had a fault length of 500 km. The
largest earthquake observed to this day occurred in 1960 in Chile, with a magnitude of 9.5 and a

fault length of approx. 800 km.

#7 Japan-Specific Shindo Scale Quick Report

Currently, The Japanese Meteorological Agency is able to make a prompt report on the
Iécation and exact time a level 3 or larger earthquake was observed, within roughly a minute and
;':1 half of its occurrence. What supports the quick report system are approx, 4300 towers (as of
Aug. 2011) stretching across the entire country, an observation network made up of
seismographs. The seismographs are set up so that when an earthquake occurs, the scale of the
earthquake is automatically recorded and sent to the Meteorological Agency.

The Shindo scale goes from level 0 to level 7, but levels 5 and 6 are further separated by

“weak” and “strong™ for a total of 10 levels, Phenomenon and damages that usually occur when
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The Shindo Scale

Level O People don’t feel any vibrations

Level 1 People sitting quietly inside a room may feel some slight vibrations
Level 2 A majority of people sitting quietly in a room feel vibrations

Level 3 A majority of people inside of rooms feel vibrations

Level 4 -Most people are surprised

-Lamps and other hanging objects sway

-Easily moved ornaments may fall over

Level 5 Weak | -A majority of people feel fear and the need to hold onto something
-Plates and books that are on shelves may fall

- Furniture that isn’t fixed to the wall and other unstable objects may move

Level 5 Strong | -Walking is difficult if you don’t hold on to something
-Many plates or books that are on shelves fall
- Furniture that isn’t fixed to the wall may fall

-Block walls that aren’t reinforced may collapse

Level 6 Weak | - Itis difficult to stand

- Almost all furniture that isn’t fixed to the wall will move, and many of
them will fall. Sometimes doors cannot be opened

-Tiled walls or window glass may shatter and fall

-For low wooden buildings with earthquake counter-measures, tiles may
fall and the building may tilt or shake

Level 6 Strong | -The only form of movement is crawling, Some people may be sent flying
-Almost all furniture that isn’t fixed to the wall will move, and many things
will fall '

- Many low wooden buildings with earthquake counter-measures will tilt
or shake

-Large cracks in the ground may form, and landslides or the collapse of
edifices may occur

Level 7 - The tilting and shaking of low wooden buildings with earthquake
countermeasures will become even more pronounced

-Rarely, tall buildings with counter-measures may tilt

-Many objects will fall in low, reinforced-concrete buildings with
counter-measures
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technologies, such as base-isolation and damping control have become widespread after
affirmation of their effects through measuring the vibrations of buildings. It was revealed that the
Tohoku earthquake vibrations traveled very far from the epicenter to high-rises in Osaka, where
a strong-motion seismograph clearly recorded vibrations moving the high-rises close fo 3 meters
in each direction. It is thought that Osaka’s sedimentary basin was the cause of the lengthy
earthquake movements.

Unfortunately, compared to the surface of the earth, buildings are far from having
satisfactory observation points or documentation. Looking at observation records comes in use
when judging how wholesome buildings are and when adopting evacuation instructions.
Hopefully, severe earthquake observations will continue to be developed and improved upon in

the future.

#11 Knowing Before the Tremors: Emergency Earthquake Announcement

The waves that are created by fault line collisions are transmitted through the earth’s
crust as P waves and S waves. Their velocities are about 7 km/second for P waves and 4
km/second for S waves. For example, to reach a building that is 140 km away from the epicenter
of an earthquake, P waves would take 20 seconds and S waves would take 35 seconds, for a
difference of 15 seconds, Ordinarily, carthquake damage is brought about by S wave tremors
brinciple, so if there is an official notice after P waves are detected there is a small amount of
time before the S waves arrive within which counter-measures can be enacted. For example, in a
law that was amended in September of 2008 (the Enforcement Ordinance of Construction

Standard Law), new regulations stated that all elevators must be equipped with P waves sensors
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#13 Acceleration and the Force of Inertia

When the earth’s surface vibrates due to an earthquake, buildings have a much larger
mass than humans so they also have much more inertia to work with. In other words, the reason
why buildings break from earthquake tremors even though people are completely fine is because
buildings cannot completely support and protect themselves from the force of inertia, Generally,
buildings are constructed to be strong upwards and downwards to protect them from gravity, but
they are weak when it comes to left and right inertia created by an earthquake. In particular,
masonry buildings made out of brick or stone are very brittle and will collapse in the event of an

earthquake.

- #14 A Building’s Cycle' and Resonance

A tall building or a short building, which is safer against earthquakes? If you think in
terms of inertia from the earthquake’s vibrations, you might think that a tall building with a large
ﬁlass is af a disadvantage. However, inertia is a product of mass and acceleration, so you must
also take into account the amount of acceleration that occurs according to the how much the
building is shaking,

The time a tremor takes is called its cycle, and the cycle of the tremors characteristic to
the blank is called its natural period. If the plank has similar tremor.cycles as its own natural
period, it will react and large tremors will begin, This phenomenon is called resonance. If the
plank’s cycle and natural period match, inertial force and timing work together so that the
plank’s rebound movements accelerate, magnifying the tremors little by little. This is the

structure of the resonance phenomenon.
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#16 The Ruler Experiment (2)

Let’s think about the model of the building with a weight and spring attached to the upper
half. The heaviness of the weight is much lighter than the building’s own weight, and we have
matched the strength of the spring to be the same as the natural period of the building and the
natural period of the weight. By drawing the resonant curves for the situations in which the
weight is fixed and when it is moving, you can see that the mountains on the graph when the
weight is fixed become a valley when the weight is moving because the tremors are being
suppressed. This is the fundamental principle of the TMD (Tuned Mass Damper) vibration
control system. As the weight gets lighter, the interval between the 2 mountains on the resonance
curve becomes narrower and the controlling system becomes less effective. On the other hand, if
the weight is too heavy it becomes difficult to control the weight’s own vibrations.

TMD is implemented in skyscrapers, towers, and other tall buildings, and the weight is

usually equal to about 1% of the building’s weight.

#19 Ground Motion’s Response Spectrum

In order to record strong ground motion that causes damage in buﬂdings, a special
seiémometer called a seismograph is needed. In 1931, Dr, Kyoji Suehiro was invited to America
to advocate his observations using the seismograph, and America began to use the seismograph
before it was implemented in Japan. The first strong motions records Were of the Imperial Valley
e-arthquaker in California, America (1940, M7.1) and were recorded by the El Centro substation.
Even today they are used as standard strong motions records for seismic design. We will use the
North-South component of the acceleratioﬁ records and the vibration equation to find the

vibration of the building.
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stratum, which was formed by sedimentation from rivers and reclaimed land. It has thick
deposits in places that used to be bays or parts of the ocean.
For example, the subsurface layer of Tokyo’s gulf region is more than 50 meters thick, In

order to support high-rise buildings, many stakes need to be driven down to the engineering base

in order to support high-rise buildings.

On the other hand, high-rise buildings are often constructed in West-Shinjuku and other
pléces where the subsurface layer is very shallow, and their foundations are placed above the
engineering foundation at a depth of about 10~15 meters, They have direct foundations without
any pillars, but because it is ensured that the foundation size and embedment depth are sufficient,
the building will not collapse during an earthquake.

The ground, much like buildings, also has an easily quake-able natural period, and you
can calculate the primary natural period T with thé formula T=4H/V, where V is the ground’s
average shear wave velocity and H is the thickness of the ground, also equal to 1/4 of the
wavelength. Comparing the vibrations of Eo from a rocky outcrop in the engineering foundation
to the vibrations of Es above the subsurface layer, the vibrations of the primary natural period are
magnified 2~3 times. The amplification rate is proportionate to the reciprocal of the earth layer’s |
impedance ratio {density X the shear wave velocity ratio). In other words, the softer the earth
layers are, the bigger the waves are. The reas.on that damage caused to housing during

carthquakes is concentrated around areas of soft ground is because of this.

#22 Ground Liquefaction and Counter-Measures

When sandy ground receives the vibrations from an earthquake it loses strength and

becomes like a liquid, and the muddy ground or the phenomenon of water spouting is called
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Column

After receiving very enthusiastic cooperation from a residents’ association, 1 gave a
lecture at a high-rise mansion. I received structural calculation documents beforehand, so after a
brief explanation on earthquake countermeasures for mansions, I reproduced the vibrations of
buildings based on records from the 2011 Tohoku earthquake, which had been observed nearby.
The size of the vibrations had almost no effect upon the safety of the buildings, but it seemed
that the residents’ bodily experiences made the vibrations seem larger than they actually were.

In addition, I also forecasted the seismic waves that may come from an earthquake
located directly underneath the capital, which may occur in the future, All of the residents were
brimming with curiosity as to what would happen to the floor that they were living on under such
circumstances. The results found that although some cracks may be formed in the building, it
would not collapse. Of course, I explained that the .calculations were only an example, and that in
a real earthquake the results might come out differently. After the lecture, an elderly woman
living in the high-rise thanked me because after the Tohoku earthquake she was so troubled by
fear that she felt vertigo and was taken to a hospital, but she felt relief after listening to my
lecture. I also received many positive opinions on the feeling of having to keep water and
c-:mérgency food stores handy. On the other hand, there were many people who were concerned
that the asset value of their mansion would go down after an earthquake.

This lecture was an attempt by specialists to encourage residents’ self-help efforts. Above
all, in the act of showing an animation of a mansion swaying due to an earthquake, I could see
the change of the audience’s mindset of how other people’s problems will also become their

problems.
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both earthquake and fire-resistant, jumped to the forefront as a building material in urban area

city buildings.

e

~

due to the Great Kanto Earthquake. At that time, it was common to use the American way ol
using bricks in curtain walls {(walls where there is no burden on endurance) for reinforced
conerete or steel frame construction, and even steel frames were fireproofed with brick, During
that time, Dr. Tachu Naito created shear walls by placing the bricks of curtain walls in reinforced
concrete and devised steel rebar concrete by using a fireproof steel frame in reinforced concrete,
a technique which was adopted by the head office of the Industrial Bank of Japan in Marunouchi,
Tokyo. From the building’s completion barely 3 months passed before the Great Kanto
Earthquake occurred, but the building took barely any damage. It is said that the shear wall idea
came from the partition in a trunk Naito was using while he was studying abroad in America.
Because of his work on Tokyo Tower, Osaka’s Tsutenkaku, as well ags many other steel towers,

Dr. Naito is also known as Dr. Tower.

#25 The Advance of Seismic Design

The first provision for earthquake-protection was added to building design methods
(.u'rban building codes) a year afier the Great Kanto earthquake. The content of the provision is
hased on Dr. Toshikata Sarlc:’s thesis “Earthquake-Resistant Structure of Houses.” Dr. Sano
pr(?posed a seismic intensity method that substituted seismic intensity with a static horizontal
force and represented the ratio of the force (horizontal seismic intensity) and the building’s
weight. It should be noted that the seismic scale being used here is not the same as JMA’s

Shindo scale.
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1891 — Nobi earthquake 1919 — Enactment of the city building
method

M8.0, brick damage, about 7,300 vietims | . :14ing height limit of 100 ft (about 30m)

1923 — Great Kanto earthquake 1924 — Seismic provisions added to the city
building method

M7.9, major fires, about 105,000 victims -Horizontal seismic force 0.1, safety ratio 3

1950 - Enactment of the Building Standards
Law

-Long-term load (such as its own weight)
and short-term load (such as seismic force)
-Horizontal seismic force 0.2, safety ratio

1.5

1964 — Niigata earthquake 1970 — Height limit on buildings is

. . abolished

M7.5, liquefaction damage 1971 — Architectural Institute of Japan

1968 Tokachi-oki earthquake revised RC criteria

M?7.9, shear fracture of the RC short -Prevention of shear fractures in RC
columns

column

1978 Miyagi-oki earthquake 1981 — Building Standards Law

Enforcement Act (seismic) revision

-Primary; standard shear force is approx. 0.2

buildings -Secondary: standard shear force is approx.
1 ‘0 S

-Rigidity ratio * eccentricity ratio

M7.4, urban damage, twist damage of

1995 Kobe earthquake 1995 — Seismic Refurbishment Promotion
, Act :

M?7.3, houses collapsed, about 6,400 1998 - Standard Buildings Law

victims Performance Provision

-Limit strength calculation, building
certification open to the public

2000 — Housing Quality Confirmation Law
(Housing Performance Display System)

2005 Revelation of the Seismic 2007 — Building Standards Law revision
-Structural calculation compatibility

Falsification Problem . _ . .
judgment system, stricter examinations

2011 Tohoku earthquake

9.0, tsunami damage, about 19,000 victims
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inspection, by using the calculation route, it is necessary to submit the structural calculation
compatibility judgment system to confirm the correctness of the structural calculations and the
certification from the minister provided by the specialist committee.

In this way, there are various seismic designs that range from Type 4 buildings that are
left to the architect’s judgment, the “Route 1” of rigid structures, resistance via the strength of
“Route 2” buildings, and “Route 3” buildings that even if they are broken in a major earthquake

are expected to be tough.

#27 Lessons from the Great Hanshin-Awaji Earthquake

Let us look at a graph of all the main damage from earthquakes that occurred after the
.1923 Great Kanto Earthquake. From it we éan see that not only the collapse of buildings, but
also the fires, landslides, and the tsunami that accornp;mied the earthquake also caused victims to
lose their lives. Tt also seems that right after the 1948 Fukui Earthquake, the number of deaths
due to house collapse decreased., Also, the.majority of damage-causing earthquakes occurred in
Easfern Japan, Due to the fact that Western Japan has more typhoons than earthquakes, old
houses there were built with heavy clay-thatched roof tiles but did not have braces.

During such a time, the Kobe Earthquake occurred at 5:46 PM on January 17, 1995, This
earthquake caused the deaths of over 6,400 people, including earthquake-related deaths, and over
IOO,OOOIhOUSGS collapséd. Wooden houses without .braces had heavy roofs that could not resist
the earthquake’s inertial force, and therefore collapsed fragilely at the time of the earthquake. We
found that many of those who lost their lives were under beams and suffered close to instant
deaths. It can be said that the quality of the buildings’ earthquake-resistant features is what

determined their lives.
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seismic retrofitting existing ineligible buildings that had taken damage in the Hanghin-Awaji
earthquake. The Seismic Refurbishment Promotion Act targets currently unsatisfactory
earthquake-resistant standards in schools, elderly homes, hospitals, department stores and other
large-scale buildings that large populations use, buildings that handle hazardous material, as well
as buildings that, if they collapsed in an earthquake, could possibly block evacuation routes or
emergency transport roads. All of these together are called “specified designated buildings.”
Thanks to this law great measures have been taken to provide subsidies, grants, financing plans
with low interest rates, and tax reduction on loans for the seismic diagnosis and refurbishment of
specified designated buildings. Also, local governments are required to develop a Seismic
Refurbishment Promotion Plan and provide guidance for the owners of specified designated
houses.

In June 1995 the Earthquake Disaster Special Measures Law was enforced to establish a
state aid rate of renovation and seismic strengthening for public elementary and middle schools.
The sﬁbsidy rate was raised in the wake éf the 2008 Sichuan Earthquake in China where many
schools collapsed, and it was decided that 2/3 of the costs of seismic strengthening and 1/2 of the
costs of renovation would be paid for by the country.

Detached houses are not the targets of this law unless they are in danger of blocking

roads, but many municipalities are implementing subsidies for seismic diagnosis and renovations.

#29 A Building’s Seismic Diagnosis
In the wake of the Hanshin-Awaji earthquake, buildings’ seismic diagnosis and
earthquake-resistance renovations are continuing across the country. In order to understand the

way a building’s seismic diagnosis is formed, we must pay attention to the relationship between
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diagnostic method for architects for a total of 3 methods. In all of the methods, if the value falls

below 1.0 the building is in danger of collapsing in the event of a large earthquake.

#30 The Differences in Earthquake-resistance According to a Building’s Use

and Importance

Many government buildings are expected to function as disaster-prevention facilities in
the event of an earthquake disaster. Because of that, seismic force multiplied by the component
importance factor of 1.5 for I-type facilities (the cabinet office, fire and disaster management
agencies, etc.), 1.25 for [l-type agencies (Meteorological Agency, Port and Harbor Office), and
1.0 for Ill-type facilities (public office facilities outside of types I and II) are utilized.

In addition, municipalities such as Tokyo and Shizuoka Prefecture have been establishing
their own original guidelines for the component importance factor specifically for buildings of a
higher public nature, such as schools, hospitals, and libraries. In particular Shizuoka Prefecture,
which is in danger of the future Tokai earthquake, has a seismic zoning coefficient of 1.2 in
addition to the component importance factor.

In most countries around the world, the component importance factor has been included
in seismic provisions from the start. Also, in China’s seismic provisions Beijing, Shanghai, and
other metropolitans have higher standards than other areas, from the point of view of

guaranteeing urban functions,

#38 Knowing Your Own House’s Earthquake-proof Performance

When choosing your home, what kind of quality performance did you consider? You

probably realized that you could only say, “I’'m sure it’s probably safe,” with a degree of
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buyers. Furthermore, if the seismic grade is high you may have the advantage of receiving a

discount on earthquake insurance.

Housing Performance Indication System Marks Placed on Evaluation Documents

i |
For Housing For Housing For Housing Design
Design Performance Performance
Performance Evaluation (new Evaluation (existing
Evaluation use housing} use housing) use

#42 Mechanisms of Earthquake-resistant Structures

There are various types of structures for buildings to protect against earthquakes, such as
earthquake-resistant structures, quake-absorbing structures, damping structures, etc. Quake-
absorbing structures and damping structures are structures that use special devices, but you can
think of earthquake-resistant structures as “general building structures that were devised to
withstand earthquakes.” The content of the scheme is unlimited, from the structural format of the
entire house down to the details of each material. Such a scheme has been cultivated by repeated
experiences of earthquake damage and many years of research. Here, let’s introduce a few
examples of ways to affect a building’s structural format,

A building’s structural format can roughly be divided into ways that combine pillars or
beams (wire rods) and ways that make the Wallé the main cémponent of the structure. We will
demonstrate when wire rods are the main component of the structure by using matchsticks. If
you just stack the matchsticks on each other, the scaffold will fall apart and collapse with an

carthquake’s vibrations. If you properly bond the matchsticks into a frame configuration (Ramen
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Traditional wooden houses have two kinds of foundations -- one where pillars are buried

in the ground and one where they are placed above the foundation stone. Placing the pillars
above the foundation stone prevents corrosion, and if they are above the foundation stone it is
expected that the building will shift and the vibrations will be reduced due to a seismic isolation
effect. Nowadays, it is a requirement that a wooden house’s construction foundation be bound to
its earthen foundation. It is to prevent houses from being sent flying, but it’s unfortunate that the
seismic isolation effect is lost. It is said that the penetration structure, another building method in
which horizontal rungs pierce pillars, has much plastic deformability and can persistently resist
earthquakes. Also, Kyoto’s Sanjﬁsangeh-d() uses a method called “rammed earth” in which sand
and clay stratify and pile up. It has been explained as a seismic isolation method that absorbs an
carthquake’s vibrations, but that has not been scienﬁﬁcally verified.

Now let’s turn our attention overseas. In the north of Iran, which is know for earthquakes,
there are stilt houses which have logs slotted together vertically and horizontally in the
foundation. It is said that this construction method dates back hundreds of years, and it is said
that during an earthquake the logs will roll and the building’s vibrations will be reduced, soitisa
fine quake-absorption structure. A similar scheme is in another earthquake country, Algeria.
There is an 18" century temple in the old urban area of Casbah, in the capital of Algiers, which
has logs slotted in between the stone arch and its pillars in order to decrease seismic force.

The people who came before us left wisdom and schematics in the traditional architecture

of the buildings that are able to repeatedly survive earthquakes.
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economic, rational safety level, but for a higher safety level. In this way, the level that satisfies
health risk and the gross cost minimization efficiency is called in the economic field the “Pareto”

efficiency, and it exists as the solution to an equilibrium efficiency.

#67 International Cooperation in the Earthquake Disaster-Prevention Field

After World War 11, Japan, which had become one of the world’s poorest countries, was
reconstructed after receiving support from World Bank and overseas NGOs. The money
borrowed from World Bank was repaid in 1990, not that long ago. We must not forget that the
foundation of Japan’s current prospetity comes in part from the support we received from foreign
countries.

There is no exception when it comes to earthquake disasters. After the 1923 Kanto
earthquake, Japan received donations and support materials from over 50 various countries.
Esbecially after the 1995 Kobe earthquake and 2011 Tohoku eafthquake, Japan received warm
support from many different countries.

| Also, Japan’s Official D'evelopment As.sistance (ODA) was started right after the war, in
1954, In the 1990s Japan contributed over 1 trillion yen, making it the world’s largest ODA
contributor, but due to financial difficulties the budget is reducéd each year, The background
behind Japan’s strength being put into ODA was partly as post-war reparations to other Asian
countries, partly because highl'y trade-dependent Japan would also benefit from the development
of other Asian countries, and partly because instead of military force, Japan would be making
peace contributions.

ODA is largely separated into technological cooperation and aid (paid or free of charge).

In the earthquake disaster field, large projects have been implemented with technological
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