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Is your building safe after an earthquake?
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About myself
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Parents (両親) from Malaysia
(~3300万人)

I was born in Singapore
(~550万人)

Moved to New Zealand when I 
was 9 years old

(~510万人)

東京都人口 ~1400万人
関東人口 ~4300万人
日本人口 ~13000万人



About New Zealand: world famous things
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Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Hobbiton,_The_Shires,_Middle-
Earth,_Matamata,_New_Zealand_-_panoramio_(7).jpg

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Rugby_world_cup_2011_NEW_ZEALAND_ARGENTINA_(7309675124).jpg

LORD OF THE RINGS/HOBBITON
ロード・オブ・ザ・リング

RUBGY/HAKA
ラグビー/ハカ

KIWI BIRD
キーウィ

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Apter
yx_mantelli_-
Rotorua,_North_Island,_New_Zealand-8a.jpg

MANUKA HONEY (マヌカ)

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Manuka_Honey_Examp
les.jpg

SHEEP 羊
(~2000万)

BUNGEE JUMPING
バンジー

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:
NZ200315_Kawarau_Gorge_Bridge_05.jpg

CRICKET
(クリケット)

Retrieved 2022/11/08 from 
https://commons.wikimedia.org/wiki/File:India_V
s_New_zealand_One_day_International,_10_Dec
ember_2010_(6159886767).jpg

NZ人口 ~510万人



About New Zealand: important people
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Kate Sheppard (1848-1934)
• Key figure behind NZ 

becoming the first 
country to allow women 
to vote

Sir Edmund Hillary (1919-2008)
• Sir Hillary (right) and Tenzing

Norgay (left) were the first 
confirmed climbers to reach the 
top of Mount Everest

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Tenzing_and_Hillary.jpg

Ernest Rutherford (1871-
1937)
• Considered to be the 

“father” of nuclear 
physics

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Ernest_Ruth
erford_1892.jpg



About New Zealand: Celebrities

Kusunoki Laboratory
Earthquake Research Institute, University of Tokyo

6

Lorde
• Singer-songwriter
• “Royals” (2013) won Golden 

Globe for “Song of the Year”

Taika Waititi
• Film director and actor
• マイティ・ソーバトルロイヤル

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Taika_Waititi_(48470853376).jpg

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Lorde_in_Seattle_2013_-1.jpg

Sam Neill
• Actor
• “Jurassic Park” series

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Sam_Neill_2
017_(cropped).jpg

https://youtu.be/nlcIKh6sBtc?t=54

https://youtu.be/SVDROlEGs94?t=31
https://static.wikia.nocookie.net/marvelcinematicuniverse/images
/8/80/Korg_-_Infobox.jpg/revision/latest?cb=20220613151305

https://youtu.be/nlcIKh6sBtc?t=54
https://youtu.be/SVDROlEGs94?t=31
https://static.wikia.nocookie.net/marvelcinematicuniverse/images/8/80/Korg_-_Infobox.jpg/revision/latest?cb=20220613151305


About New Zealand: Maori culture
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Retrieved 2022/10/26 from 
https://www.flickr.com/photos/hisgett/31168739343

Retrieved 2022/10/26 from 
https://commons.wikimedia.org/wiki/File:Whenua_Ranratira,
Orakei_Marae_(12023071354).jpg

• Indigenous Polynesian people of New Zealand 
(first settled between 1280-1350)

• Tapu – concept was often used to protect sacred 
resources from over-exploitation

• Nao – a “blessing” to remove Tapu from person 
or object. E.g., taking off shoes before entering a 
wharenui (meeting house)

• Kia ora (greetings to only 1 person, informal)
• Tēnā koutou (greetings to >3 people, formal)
• Haere mai (welcome)
• Tahi, rua, toru, whā (1, 2, 3, 4)
• Ka kite (anō) (see you (again))



About New Zealand: my hometown
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Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:New_Zealand_location_map_transparent.svg

Christchurch ~40万人

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Chri
stChurchCathedral1_gobeirne.jpg

Christchurch Cathedral

Antarctic Centre

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:International
_Antarctic_Centre.jpg

University of Canterbury

Retrieved 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:UC_ViewFromCentralLibrary_gobeirne.jpg

Banks Peninsula



What happened in Christchurch in 2011?
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https://www.youtube.com/watch?v=LvNlmB_hAyw

https://www.youtube.com/watch?v=LvNlmB_hAyw


About New Zealand: Christchurch earthquakes
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• 2010/09/04
➢ ML 7.1, occurred 40 km away from Christchurch CBD
➢ 2 deaths (heart attack, falling)
➢ $4 billion NZD worth of damage (～3千億円)

• 2011/02/22
➢ ML 6.3, occurred 6.7 km away from Christchurch CBD 
➢ 185 deaths
➢ $40 billion NZD worth of damage (～3兆円)
➢ Many buildings collapsed (only 2 “modern” buildings) 

or demolished

Retrieved 2022/11/01 from 
https://www.flickr.com/photos/savannahgrandfather/5946690092



About New Zealand: Christchurch earthquakes
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• 115 lives were lost in collapse of CTV building

• Includes 12 Japanese students from Toyama College of 
Foreign Languages

• Japan sent ~70 people to help with search and rescue,
but they had to return to Japan urgently shortly after…

…Because the Tohoku Earthquake disaster 
occurred on 2011/03/11, only 17 days after the 
Christchurch earthquake…
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Tectonic plates
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• Earth’s lithosphere comprises 
of several large “tectonic 
plates”(プレート)

• Tectonic plates may move due 
to motion of the Earth’s mantle 
layer



Tectonic plates

Kusunoki Laboratory
Earthquake Research Institute, University of Tokyo

14
Retrieved 2022/10/17 from https://en.wikipedia.org/wiki/File:Tectonic_plates_boundaries_World_map_Wt_180degE_centered-en.svg

Ring of Fire

かん たい へい よう か ざん たい

環太平洋火山帯
Pacific Rim 

Volcanic Zone



What happens during an earthquake? 
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• Boundaries of tectonic plates are not smooth, and 
may become “stuck” along a fault

• However, continued movement of other parts of 
the plate may cause potential energy [位置エネル
ギー] to build up within fault

• If the stress at the surface exceeds a certain 
amount, the stored energy is converted to 
kinematic energy [運動エネルギー]. This may be 
in the form of seismic waves

Fault

Plate 1 Plate 2

Movement 

Movement Increase stress
(応力)

Rupture occurs if 
stress is too large



How are earthquakes measured? 
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• Internationally, earthquake is measured 
based on the energy released during shaking

• However, the effect of an earthquake on an 
area depends on the distance (e.g., people in 
Kagoshima will unlikely feel an earthquake in 
Hokkaido)

• Japan measures earthquake based on 
intensity of shaking at the location of interest
(震度)

Retrieved on 2022/10/17 from https://www.jma.go.jp/jma/kishou/know/shindo/index.html



What are the effects of an earthquake? 
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Retrieved on 2022/10/24 from https://commons.wikimedia.org/wiki/File:Worcester_corner_Manchester.jpg

Building Damage（建物の損傷・たてもののそんしょう）

Retrieved on 2022/10/24 from Cooper, M., Carter, R., & Fenwick, R. (2012). Volume 2 – The Performance of Christchurch 
CBH Buildings: Canterbury Earthquake Royal Commission

Building collapse
建物倒壊（たてものとうかい）

Exterior wall damage
外壁被害（がいへきひがい）



What are the effects of an earthquake? 
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Building Damage（建物の損傷・たてもののそんしょう）

Furniture and building contents
家具・家財

Nonstructural damage
非構造部材の損傷 (ひこうぞうぶざいのそんしょう)



What are the effects of an earthquake? 

Kusunoki Laboratory
Earthquake Research Institute, University of Tokyo

19

Infrastructure damage （インフラの損傷・インフラのそんしょう）

Bridge damage
橋の損傷（はしのそんしょう）

Manhole/pipe damage
マンホール・パイプの損傷

Fujino Y and Siringoringo DM. (2010). Bridge monitoring in Japan: the needs and strategies, Structure and Infrastructure Engineering: 
Maintenance, Management, Life-Cycle Design and Performance, 7(7-8), 597-611



What are the effects of an earthquake? 
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Ground damage （地面のダメージ・じめんのだめーじ）

Retrieved on 2022/10/24 from https://commons.wikimedia.org/wiki/File:The_Palms_in_liquefaction.jpgRetrieved on 2022/10/24 from https://commons.wikimedia.org/wiki/File:54_Raekura_Place,_Redcliffs.JPG

Liquefaction
液状化現象 (えきじょうかげんしょう)

Landslide
地すべり(じすべり)



What are the effects of an earthquake? 
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Liquefaction（液状化現象、えきじょうかげんしょう）

Retrieved on 2022/11/01 from https://www.mlit.go.jp/toshi/toshi_fr1_000010.html

Retrieved on 2022/11/01 from 
https://depts.washington.edu/liquefy/html/quakes/niigata/niigata.html

https://youtu.be/pZ4kH-BJSL0?t=135

https://youtu.be/pZ4kH-BJSL0?t=135


What are the effects of an earthquake? 
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Tsunami（津波）

Retrieved on 2022/11/01 from https://commons.wikimedia.org/wiki/File:Sendai_Airport_after_the_tsunami.jpg

Fire（火災）
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Building design
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What are two things you need to 
consider when building this floor?

1) Floor must have enough 
STRENGTH（力）to not break

2) Floor must have enough 
STIFFNESS（剛性、ごうせい）
to not deform significantly 



Lateral
Force
水平力

すいへいりょく
地震、津波、台風

Forces within buildings
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Bending
Bending & 

compression or 
tension

Tension

Compression

Tension
引張
ひっぱり

Compression
圧縮

あっしゅく

Bending
曲げ
まげ

Vertical force
垂直力

すいちょくりょく
地震、重力、台風、雪

Types of forces



Dynamic properties of buildings
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• Different buildings may respond differently 
when subjected to the same earthquake

• Period of vibration (time to complete one 
back-and-forth cycle)

周期 しゅうき

• Depends on many factors:
➢Larger cross section (断面 だんめん) would 

result in shorter period
➢Heavier mass (質量 しつりょう) and taller 

building height (ビルの高さ) would result in 
longer period

➢Construction material (建設・建築材料) may 
also have an effect

X(t)

周期



Resonance (共振 きょうしん)
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• If excitation demand has similar period to that of the building, 
resonance can occur

• What happens if we do not properly account for resonance effects?

https://youtu.be/pMr1MzSv044?t=60

https://www.youtube.com/watch?v=kZNjbWy6c7c

https://youtu.be/pMr1MzSv044?t=60
https://www.youtube.com/watch?v=kZNjbWy6c7c


Earthquake demands
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• Different earthquakes and different building periods can result in very different 
responses

• Most countries have a “standard” curve to use in design

Each colored curve is a 
different earthquake

Dashed curve is a 
“design” earthquake



Building design for earthquakes
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• No matter what earthquake we consider in design, 
there is always a possibility that stronger 
earthquakes may occur

• In small-moderate events, building should be 
functional (継続使用性 けいぞくしようせい)

• In larger events, we allow damage/deformation, 
but building should not collapse

➢Control mode of damage (sidesway vs soft-
story)

➢Low-damage devices Retrieved on 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Base_isolators_under_the_Utah_State_Capit
ol.jpg

θ1
θ2

Sidesway Soft-story

Response
Damage



Importance of deformation mode
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θ1

Sidesway

θ2

Soft-story

Location of 

damage



Importance of deformation mode
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Muguruma H, Nishiyama M and Watanabe F. (1995). Lessons learned from the Kobe Earthquake – A Japanese Perspective, PCI 
Journal, 40(4): 28-42, https://doi.org/10.15554/pcij.07011995.28.42

Sidesway Soft-story



Low-damage systems
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Retrieved on 2022/10/17 from 
https://commons.wikimedia.org/wiki/File:Base_isolators_under_the_Utah_State_Capit
ol.jpg

Base isolation
Tuned mass damper

Retrieved on 2022/11/04 from 
https://commons.wikimedia.org/wiki/File:Taipei_101_Tuned_Mass_Damper.png

Braced damper

https://www.youtube.com/watch?v=zLtGR46FUss https://www.youtube.com/watch?v=wqiSz6P5GtQ https://www.youtube.com/watch?v=GzMuF-LMGaM

https://www.youtube.com/watch?v=zLtGR46FUss
https://www.youtube.com/watch?v=wqiSz6P5GtQ
https://www.youtube.com/watch?v=GzMuF-LMGaM


Large-scale experimental tests
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Shake-table (振動台)

• E-Defense facility in Hyogo prefecture（兵
庫県のE-ディフェンス）
https://www.bosai.go.jp/hyogo/index.html

• Largest indoor shake-table in the world (at 
time of presentation)

Retrieved on 2022/10/24 from https://www.bosai.go.jp/e/facilities/edefense.html

Retrieved on 2022/10/24 from https://www.bosai.go.jp/hyogo/index.html

https://www.bosai.go.jp/hyogo/index.html


Large-scale experimental tests
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https://www.bosai.go.jp/hyogo/research/movie/movie-detail.html#10

https://www.bosai.go.jp/hyogo/research/movie/movie-detail.html#10


Large-scale experimental tests
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https://www.bosai.go.jp/hyogo/research/movie/movie-detail.html#7

https://www.bosai.go.jp/hyogo/research/movie/movie-detail.html#7


Large-scale experimental tests (1.5 times JBSL)
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What happens after an earthquake?
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• Currently, engineers need to visually 
inspect building for damage

• For concrete buildings, this is usually 
based on crack widths (ひび割れ幅)

Maeda M, Al-washali H and Matsukawa K. (2019). An overview of post earthquake damage and residual capacity evaluation 
for reinforced concrete buildings in Japan, Proceedings of the 7th ECCOMAS Conference, Crete, Greece



What are the issues with the current method?
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• Visual inspections may take a long time to complete

➢People may not be able to use the building even 
though it may be safe until evaluations are 
complete

• Damage may be hidden or misidentified

➢Unsafe buildings may be classified as safe and 
could be used in future earthquakes

➢May result in deaths and injuries.



How can we improve our estimation of damage?
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• Structural health monitoring is useful for evaluating 
damage

• Usually based on acceleration data



How does the method work?
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How do we evaluate damage?
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Validation of method using experimental data
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Laser transducer

Displacement potentiometer

Laser (レーザ)

Potentiometer
(変位ポテンショメータ)



Validation of method using experimental data
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Motion tracking



Validation example

Kusunoki Laboratory
Earthquake Research Institute, University of Tokyo

45



A few minutes after an earthquake…
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DATABASE

http://133.11.56.80/cgi-bin/arIndex.cgi


Real applications (本山寺)
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Real applications (善通寺)
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Real applications (東京大学白金台キャンパス）
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What happens in buildings during earthquakes?
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• https://www.youtube.com/watch?v=MEfnCoqZWYY

• https://www.youtube.com/watch?v=z-SzoqXeZjo

• https://www.youtube.com/watch?v=DYkpa3UBOoA

• https://youtu.be/GXewtFBeGyU?t=75

https://www.youtube.com/watch?v=MEfnCoqZWYY
https://www.youtube.com/watch?v=z-SzoqXeZjo
https://www.youtube.com/watch?v=DYkpa3UBOoA
https://youtu.be/GXewtFBeGyU?t=75


Earthquake proofing your home
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Earthquake preparedness
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Tokyo Fire Department

東京消防著

https://www.tfd.metro.tokyo.lg.j
p/lfe/bou_topic/jisin/sonae10.h

tm

https://www.tfd.metro.tokyo.lg.jp/lfe/bou_topic/jisin/sonae10.htm


Earthquake preparedness
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Prime Minister’s Office of Japan

首相官邸

https://www.kantei.go.jp/jp/headline/b
ousai/sonae.html

https://www.kantei.go.jp/jp/headline/bousai/sonae.html
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Question time
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