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Is your building safe after an earthquake?
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1) About myself and New Zealand
2) Earthquakes and its effect
3) Basics of building design
Break
4) Structural health monitoring
5) Earthquake preparedness
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About myself

Parents (MJ#5) from Malaysia
(~33005 \)

| was born in Singapore

(~550/3 A\)
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Moved to New Zealand when |
was 9 years old
(~510/3 A)
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About New Zealand: world famous things
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Kate Sheppard (1848-1934)

Key figure behind NZ
becoming the first
country to allow women
to vote

Ernest Rutherford (1871-

1937)

Considered to be the
“father” of nuclear
physics

Sir Edmund Hillary (1919-2008)

* Sir Hillary (right) and Tenzing
Norgay (left) were the first
confirmed climbers to reach the

top of Mount Everest 5
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Lorde

* Singer-songwriter

 “Royals” (2013) won Golden
Globe for “Song of the Year”

https://youtu.be/nlclKh6sBtc?t=54

Sam Neill
e Actor
 “Jurassic Park” series

https://youtu.be/SVDROIEGs94?t=31

Taika Waititi
* Film director and actor
e WAT 4 +/—/NkJ)OAYVIL

https://static.wikia.nocookie.net/marvelcinematicuniverse/images
/8/80/Korg - Infobox.jpg/revision/latest?cb=20220613151305
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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

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 | gil.... i
or object. E.g., taking off shoes before entering a
wharenui (meeting house)

Kia ora (greetings to only 1 person, informal)
Tena koutou (greetings to >3 people, formal)
Haere mai (welcome)

Tahi, rua, toru, wha (1, 2, 3, 4)

Ka kite (ano) (see you (again)) (12025071354 g
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About New Zealand: my hometown

Christchurch ~40/735 A

Christchurch Cathedral| /'t

Retrieved 2022/10/17 from

https://commons.wikimedia.org/wiki/File:New_Zealand_location_map_transparent.svg



What happened in Christchurch in 20117

https://www.youtube.com/watch?v=LvNImB hAyw



https://www.youtube.com/watch?v=LvNlmB_hAyw
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About New Zealand: Christchurch earthquakes

« 2010/09/04
» M, 7.1, occurred 40 km away from Christchurch CBD
» 2 deaths (heart attack, falling)
> $4 billion NZD worth of damage (~3T1&M)

« 2011/02/22
» M, 6.3, occurred 6.7 km away from Christchurch CBD
» 185 deaths
> $40 billion NZD worth of damage (~3JK)
» Many buildings collapsed (only 2 “modern” buildings)
or demolished




e 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...

11
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Tectonic plates

e Earth’s lithosphere comprises i
of several large “tectonic | e AT
plates”( 70 l/ - I~ ) Eurasian

Plate Eurasian
f Plate

e Tectonic plates may move due ‘, -

to motion of the Earth’s mantle . DA
layer = e = ﬁ

continental crust
oceanic crust

asthenosphere

EQUATOR

outer core (liquid)
------------------------------------ inner core (solid)

6378 km
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Tectonic plates

DA T AL K h A fb
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Pacific Rim

Volcanic Zone

Retrieved 2022/10/17 from https://en.wikipedia.org/wiki/File:Tectonic_plates_boundaries_World_map_Wt_180degE_centered-en.svg
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What happens during an earthquake?

* 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 [{i & L FJL
% —] to build up within fault

* |If the stress at the surface exceeds a certain
amount, the stored energy is converted to
kinematic energy [XEE) T 3 JLF —]. This may be
in the form of seismic waves

Fault
|
Plate 1 i Plate 2

Movement

Movement

R

N
Increase stress

(h577)

W

Rupture occurs if

stress is too large

15



How are earthquakes measured?
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What are the effects of an earthquake?

Building Damage (Z¥DIEF - 7= THEDDZT AL &£ D)
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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

Retrieved on 2022/10/24 from https://commons.wikimedia.org/wiki/File:Worcester_corner_Manchester.jpg

17



Nonstructural damage
JEBERMDIBE (V257538 VDZAL & 5)
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What are the effects of an earthquake?

Infrastructure damage (A V7 7 DEE -1 V77D AL &£ D)

Brldgedamage \ ' —_—
EniaE (I3 LGD%ALJ:‘) —— e 7/7]1—11/.,\,{70);]; 1

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

e —
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What are the effects of an earthquake?

Ground damage

(MED K A —

quuefactlon
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Retrieved on 2022/10/24 from https: //commons wikimedia.org/wiki/File:54_Raekura_Place, Redcllffs JPG

Retrieved on 2022/10/24 from https://commons.wikimedia.org/wiki/File:The_Palms_in_liquefaction.jpg
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What are the effects of an earthquake?
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Retrieved on 2022/11/01 from https://www.mlit.go.jp/toshi/toshi_frl_000010.html

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

https://youtu.be/pZ4kH-BJSLO?t=135
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https://youtu.be/pZ4kH-BJSL0?t=135
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Tsunami (GEK)

"maam LA RN T ]
t

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

What are two things you need to
consider when building this floor?

1) Floor must have enough
STRENGTH (77) to not break

2) Floor must have enough
STIFFNESS (RlT. =35 #u)
to not deform significantly
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Dynamic properties of buildings

* Different buildings may respond differently <
when subjected to the same earthquake
XX

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

BBl Lw>5 =

* Depends on many factors:

> Larger cross section (BfE 7= A & A) would
result in shorter period

> Heavier mass (E= L2V & 9)and taller
building height (EJL®D & &) would result in
longer period

> Construction material (5% * BZEMEl) may
also have an effect

Response (IB& £5&3)

26



Resonance (. & & 2 L A)

* If excitation demand has similar period to that of the building,
resonance can occur

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

* What happens if we do not properly account for resonance effects?
https://www.youtube.com/watch?v=kZNjbWy6c7c

27


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

Each colored curve is a
ﬂ/ different earthquake

: 3
s 5
o
%ﬁﬂ S % -
420 Dashed curve is a v i{’[[ N
5 i ffj “design” earthquake g :ll'?:" 9
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GJ = . E
< | S 2 _
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Period (s) Period (s)

* Different earthquakes and different building periods can result in very different

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

28



Building design for earthquakes oamage

Response

 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 (f#t&ERE (TULWECL L EW)

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

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

» Low-damage devices

29
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Importance of deformation mode Location o

damage

Sidesway

O
—

Soft-story

30
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Importance of deformation mode

Sidesway Soft-story

5 .
_ I [ ] [ 1 1] I I I I [ ] [ ]
v !
'

;f" el
R ——¢ @
(HJFig. 20. Kobe Cnty Hall, Wthh collapsed at the sixth floor.

v ® Muguruma H, Nishiyama M and Watanabe F. (1995). Lessons learned from the Kobe Earthquake — A Japanese Perspective, PCI
W _I Journal, 40(4): 28-42, https://doi.org/10.15554/pcij.07011995.28.42
- 31
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Low-damage systems

Tuned mass damper
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 Retrieved on 2022/10/17 from
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Retrieved on 202 | i
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https://www.youtube.com/watch?v=GzMuF-LMGaM

https://www.youtube.com/watch?v=wqiSz6P5GtQ

https://www.youtube.com/watch?v=zLt GR46FUss
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Large-scale experimental tests

Shake-table (X&) &)

* E-Defense facility in Hyogo prefecture (£
BERDE-T47xVX)
https://www.bosai.go.jp/hyogo/index.html

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

33


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

Large-scale experimental tests
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National Research Institute for Earth Science and Disaster Pre
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Hyogo Earthquake Engineering Research Center
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National Research Institute for Earth Science and Disaster Pre
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Hyogo Earthquake Engineering Research Center

https://www.bosai.go.ijp/hyogo/research/movie/movie-detail.html#10
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https://www.bosai.go.jp/hyogo/research/movie/movie-detail.html#10
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Large-scale experimental tests
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https://www.bosai.go.ip/hyogo/research/movie/movie-detail.html#7
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What happens after an earthquake?

« Currently, engineers need to visually
Inspect building for damage

* For concrete buildings, this is usually
based on crack widths (O U'E| i)

| |

Damage Class Observed Damage on Structural Members
I Some cracks are found. Crack width is smaller than 0.2 mm.
I Cracks of (.2 - | mm wide are found.
I Heavy cracks of | - 2 mm wide are found. Some spalling of concrete is observed.
v Many heavy cracks are found. Crack width is larger than 2 mm. Reinforcing bars are

exposed due to spalling of the covering concrete.

v
Buckling of reinforcement, crushing of conerete and vertical deformation of
columns and/or shear walls are found. Side-sway, subsidence of upper
floors, and/or fracture of reinforcing bars are observed in some cases.

Maeda M, Al-washali H and Matsukawa K. (2019). An overview of post earthquake damage and residual capacity evaluation 38
for reinforced concrete buildings in Japan, Proceedings of the 7t ECCOMAS Conference, Crete, Greece
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What are the issues with the current method?

* 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.
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How can we improve our estimation of damage?

« Structural health monitoring is useful for evaluating
damage

« Usually based on acceleration data

4
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How does the method work?

Earthquake Research Institute, University of Tokyo

Measured

Instrumented
Building

Total Acceleration

total floor
accelerations
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How do we evaluate damage?

Trilinear fit  Extracted backbone Safety
A (black line) curve (red line) limit

\ﬂ?’ 28,y 34,
; 5 é Peak
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damage damage damage damage

Representative acceleratio
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Validation of method using experimental data

Laser (L —%)

Potentiometer

(”&?Tﬁﬂ‘f?‘/“/;l)(—ﬁz)
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Validation of method using experimental data

Show 2D tracks on wdeo mages
Nooe e ANl Sekected pont

Point and Facking comrols
Currant pont 12

Autotack mode  of
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Validation example

215
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A few minutes after an earthquake...
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Real applications (R KF
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What happens in buildings during earthquakes?

* https://www.youtube.com/watch?v=MEfnCoqZWYY

e https://www.youtube.com/watch?v=z-SzogXeZjo

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

e https://youtu.be/GXewtFBeGyU?t=75

52
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Earthquake proofing your home
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Earthquake preparedness

Tokyo Fire Department

FUHBE

https://www.tfd.metro.tokyo.lq.]
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Earthquake preparedness
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1) About myself and New Zealand

2) Earthquakes and its effect

3) Basics of building design
Break

4) Structural health monitoring

5) Earthquake preparedness

6) Question time
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