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Historical earthquakes (Wikipedia, the free encyclopedia)

Pre-11th century

Date Place | Fatalities
Xia China B &H i

1831 BC see Mount Tai earthquake ’
Sparta, Greece Fi g HT 2=

464 BC see 464 BC Sparta ?
earthquake
‘,Rh()des, Greece FHIEEERE

226 BC see 226 BC Rhodes ?
;;earthquake |

60 BC Portugal and Galicia coasts ?
Asia minor o

i17 AD see 17 AD Lvdia earthquake;' ’

Decembe Antioch §E 27§ v .

r13, 115 see 115 Antioch earthquake RN

May 19,Antioch, Turkev 250,000

526 see 526 Antioch earthquake

July  6,Beirut, Tvre, Tripoli 30.000

551 see 551 Beirut earthquake ?

January |

; * [The Levant

18, FAD Ciall

[12113] See 749 Galilee earthquake

749

M Comments

? |Listed in the Bamboo Annals

| Gy s M, Led to ahelot uprising and

strained relations with Athens, one of
(a pfthe factors that led to the
l‘OX) Peloponnesian War

Destroyved Colossus of Rhodes and

city of Kameiros

' 8.5 (Caused a tsunami

Destroved 13 cities in Asia (minor)

7.5 M

The city of Antioch was grc:ntl_y"
V111 {damaged, and some decades later the
city's population was just 300,000.

M, Triggered a devastating tsunami,|
all the cities of the Phoenician coast
from Tyre to Tripoli were reduced to
ruins

5.5

7 to [The  cities  of Tiberias, Beit
7.5 fShc'an, Hippos and Pella were|
largely destroyed while many other|
(appicities across the Levant region were|
0% 0 D ) [l R RO |



11th—18th centuries

October
11,1138

August 12,
1157

February
4,1169

June 29,
1170

July 5,
1201
and/or
May 20,
1202

May 11,
1222

August 8,

1303, 06:00earthquake, Greece 10,000

Aleppo, Syria
see 1138 Aleppo

earthquakev

Hama, Svyria
see 1157 Hama
earthquake

Sicily
see 1169 Sicily
earthquake

Eastern
Mediterranean

Eastern
Mediterranean;
seel202 Svria
earthguake

Cvprus
see 1222 Cyprus

:earthquake
1303 Crete

Honshu

September see 1498 Meio

230,000 X1
li'Tens ofl,f'
thousands | 7.2
15,000 X
5,000221.80 7.3~
,000 in 7.5
Aleppo 21 7
25,000 in .72
Hama | .
1,100,000
(includes
famine/dis | 7.6
ease
deaths)

7.0—

T
up td -8

21 O

M, Largest in a sequence lasting
from late 1156 to early 1159

Svria, Lebanon, central

southern Turkey

Damage across a wide area
from Syria to Upper Egypt

Caused damage
at Paphos.Limassol and Nicosia

| Triggered a major tsunami that
| devastated Alexandria in Egypt

LY |



earthquakes of 1759

Saint Joseph,

Destroyed Spanish colonial

October Trinidad and 7.9 | capital of San Jose, Trinidad(now
21,1766 RSN
Tobago St. Joseph)
ichman; China M,, Triggered a lan.dsllde that
Toes 1 see 1786 blocked the Dadu river - the
g . : ~100,000 |7.75] collapse of the dam during an
1786 Kangding-Luding K fl
P aftershock and subsequen? ood
caused most of the casualties
Resulted in varying levels of
Wi s San damage at Mission San Diego de
Diego, California,U Unknown | 6.5 | Alcala, Mission San Luis Rey de
22,1800 e "
SA Francia, and Mission San Juan

Capistrano
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@ Largest Earthquakes in the World Since 1900

@ Most Destructive Known Earthquakes on Record in the World Earthquakes with 50,000 or More
Deaths Listed in order of greatest number of deaths

@ San Francisco, California, & L Earthquake April 18, 1906

@ Tanshan Earthquake/&1L 1976.7.28 3:15 M=7.6 255,000

@ Japan Kobe EarthquakefRf# 1995.1.17 5:46 M=7.2 6,000

@ Turkey Earthquake 1999.8.18 3:15 18,000

@ Taiwan S5 1h%1999.09.21AM01:47, M=7.3, 2456

o ENfE it MiEBHE2004.12.26M=9.1+283,10682E20070912 M=8.4

° A ZAFE it 22004.10.23M=6.8FT Bt 4R i #1960325M=6.9+960716M=6.8

o X H M B Hurricane Katrina2005.8.31

© PAKISTAN 2005.10.08 PM03:50:38 M=7.6

@ CHINAmMJI| 2008.5.12 PM2:28 M=8.0 69195+18389

o |taly 20090406 M=6.7 & HF LiE

© 20090806 TaiwanE I 52 B L7k 3K

ot M=7.0 K it: & (PM21-53-10 UTC) 225,000

o & #$1201002270ffshore Maule, Chile M=8.8

© 20110221-IRIS-M=6.3 South Island of New Zealand

@ 20110311 H2M=9.0 Near the East Coast of Honshu

© 20110407 B 2*M=7.1 Near the East Coast of Honshu

© 20120412-IRIS-M=8.6 Off the West Coast of Northern Sumatra




The Ten Largest! Earthquakes Since 1900

Updated March 14, 2011

Below is a list of the largest earthquakes on record in the world.

Magnitude, date, and location are also given.

Magnitude?

Location Date

1.  Chile May 22, 1960 9.5
2. | Prince William Sound, Alaska March 28, 19643 9.2
3. | Andreanof Islands, Aleutian Islands March 9, 1957 9.1
4. | Japan March 11, 2011 9.0
5. | Kamchatka Nov. 4, 1952 9.0
6. | Off western coast of Sumatra, Indonesia Dec. 26, 2004 9.0
7. | Off the coast of Ecuador Jan. 31, 1906 8.8
8. | Offshore Maule, Chile Feb. 27, 2010 8.8
9. Rat Islands, Aleutian Islands Feb. 4, 1965 8.7
10. | Northern Sumatra, Indonesia March 28, 2005 8.7

1. In terms of magnitude.
2. Moment magnitude.

3. March 28, 03:36:14 UT (March 27, 5:36 P.M. local time)

Source: National Earthquake Information Center, U.S. Geological Survey.
See also deadliest Earthquakes and Volcanic Eruptions. and Tsunami Factfile



http://www.infoplease.com/cgi-bin/id/A0001439
http://www.infoplease.com/spot/tsunami.html

Most Destructive Known Earthguakes on Record in the World Earthquakes with
50,000 or More Deaths Listed in order of greatest number of deaths updated 2008 may 14

Date Location Deaths M Comments

January 23, 1556 | China, Shansi 830,000 ~8

December 26, 2004 Sumatra 283,106 9.0 | Deaths . from earthquake and

tsunami.

July 27, 1976 China, Tangshan 255,000 7.5 | Estimated death toll as high as
(official) 655,000.

August 9, 1138 Syria, Aleppo 230,000

May 22, 1927 China, near Xining 200,000 7.9 | Large fractures.

December 22, 856+ Iran, Damghan 200,000

December 16, 1920 | China, Gansu 200,000 7.8 | Major fractures, landslides.

March 23, 893+ Iran, Ardabil 150,000

September 1, 1923 Japan Kanto (Kwanto) 143,000 7.9 | Great Tokyo fire.

October 5, 1948 ?T%%I(Rmenistan, Ashgabat) 110,000 7.3

December 28,1908 Italy, Messina 18b9880(estimatetg) 7.2 %%ar;[grsm from earthquake and

September, 1290 | China, Chihli 100,000

November, 1667 Caucasia, Shemakha 80,000

November 18, 1727 Iran, Tabriz 77,000

November 1, 1755 Portugal, Lisbon 70,000 8.7 | Great tsunami.

December 25, 1932 | China, Gansu 70,000 7.6

May 31, 1970 Peru 66,000 7.9 g R3 (%I 0! O damage, great rock

1268 Asia Minor, Silicia 60,000

January 11, 1693 Italy, Sicily 60,000

May 30, 1935 Pakistan, Quetta 30,000 to| 7.5 uetta almost completely
60,000 estroyed.

Eahritarvy 4 1792

Italyy Calahria

[ ~YaWalals)




44 Disasters of over 100,000 Deaths http://across.co.nz/WorldsWorstDisasters.html

44 Disasters of over 100,000 Deaths  Number of Deaths Disaster Type

1 - Worldwide, every year 2 to 5 million a year Malariajg¥:

2 - Western Hemisphere, mostly 16th - 18th centuries unknown millions Eu ropean Sicknesses
3 - Africa, 1981 - 1984 unknown millions Droughtiz S

4 - World-wide, 1918 - 19 35 to 100 million  Influenza pandemici B AT
5 - Europe and beyond, 1347-1350 25 million Bubonic plague EE &
6 - China, 1958 - 61 20 million Faminef| 5

7 - India, 1769 10 million Famine

8 - China, 1876 - 1879 9 million Drought

9 - North Korea, 1995-98 3 million + Famine and Floods
10 - China, 1935 2 million + ? Flood

11 - Egypt and Syria, 120132 #0158 1.1 million Earthquake

12 - Ireland, 1845 - 48 1 million + Famine

13 - China, 1942 - 1943 1 million + Drought

14 - China, 1887 900,000 Flood

15 - China, 15561117 830,000 Earthquake

16 - China, 1976fFLL 600,000(255,000) Earthquake

17 - China, 1920 500,000 + Drought

18 - France, Germany, America, etc., 1870 500,000 SmallpoxXAE

19 - Bangladesh, 1970 500,000 Floods

20 - World-wide, 1957 400,000 ? "Asian Flu"


http://across.co.nz/WorldsWorstDisasters.html

21 - India, 1737

22 - China, 1642

23 - South Asia, 2004
24 - Syria, Aleppo, 1138
25 - lran, 1780

26 - China, 1920

27 - China, 1927

28 - China, 1939

29 - Japan, 1923

30 - China, 1931

31 - China, 1933

32 - Bangladesh, 1991
33 - Japan, 1730

34 - North America, 1775-82
35 - Italy, 1908

36 - Turkmensistan (USSR), 1948
37 - Armenia, 1988

38 - Japan

39 - China, 1290

40 - Netherlands, 1228
41 - England, 1665

42 - Portugal, 1775

43 - Vietnam, 1971

44 - Haiti, 2010

http://across.co.nz/WorldsWorstDisasters.html

300,000
300,000
283,106
230,000
200,000
200,000
200,000
200,000
170,000
150,000 +
140,000
139,000
137,000
130,000
123,000
110,000
100,000 +
100,000 +
100,000 +
100,000 +
100,000 +
100,000 +
100,000 +
100,000 +

Typhoon
Flood

Tsunami / Earthquake

Earthquake
Earthquake
Earthquake
Earthquake
Flood
Earthquake
Flood

Flood
Earthquake
Earthquake
Smallpox
Earthquake
Earthquake
Earthquake
Famine
Earthquake

Flooding from broken dykes

Plague

Tsunami / Earthquake

Flood
Earthquake



http://across.co.nz/WorldsWorstDisasters.html

San Francisco, California, Earthquake April 18, 1906
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CHINAFELLE.Q.
1976.7.28 M=7.8

255,000



Tanshan Earthquake 1976.7.28 3:15 M7.6 255,000

Tangshan Hotel, 1976




Tanshan Earthquake 1976.7.28 3:15 M7.6 255,000
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) e it I+
2004.12.26M=9.1
283,106
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Talwan Ji-Ji
EQ.(M=7.3)
1999.9.21
(2456)



1999.9.21 Ji-JIHEXH
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Taiwan 1999.09.21 AMO01:47, M=7.3, 2456
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TAIWAN. FAULT RUPTURE THROUGH
DAM. 9.25 METER VERTICAL GROUND DISPLACMENT.
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JAPAN 54t

EQ.(EARTRRE)
(M=9.0) 2011.3.11



=
i

1]

gzl s REA ~ 21 KBRS

PRI 4 LprLs R 921+ ¥ B
24 (Mw) 8.0 9.0 7.3

2 RE R 14. 0 24. 0 8.0
#7R % ) 250x40 500x200

%) R % %3 R

£ % e (TR 130,000 42, 500%

o g 90, 000 25, 000 2, 444
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Fig.3 Tsunami Propagation (Click to start animation)
The red color means that the water surface is higher than normal sea level, while the
blue means lower. http://iisee.kenken.go.jp/staff/fujii/OffTohokuPacific2011/tsunami.html

by Yushiro Fujii (IISEE, BRI) and Kenji Satake (ERI, Univ. of Tokyo)
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2. B 311 Hh 3 .
/f gﬁﬂ §V9 Y (2% &) 2

0 hour 2 min

PPTX FIR& W 7=X—Va VELF

USGSo BimE TV & A T 1T~ ¥k 4 X
500km*250km~ W TR IE1TmE KT LT RITLD
2@ ATE c STk hE T haiake oBdld
/——/ﬁ»é‘ 4 X -3 BRI E A FERKEE
‘E\')S‘ﬁ'éo

PPTXFIRE W7 =A—Va VL 27

-10-08-06-04-0200 02 04 08 08 1.0
Water height (m]

SR RN Tt
I N S R N S I NP TP W N - T | &';‘3—’:‘.’ 7T e z

TR R EE R RR R S TRARAFEFTRICLD

L5



2. BAR311A I E

) & )

03 5 13 H 08 &5 00 47311

3 &80l 5 MEB-BINE




2. BAR311A I E

The 2011 Tohoku Earthquake Tsunaml
Jomt Survey Grcmp—-

-
/’
e /'
o=
-
¥ i
8
-
oy
el

-t

163 km

— e e
¥ e Al 1 g
Nk § [ 1 SR N
i il ‘ Fid
% ’,g%ﬁluhf \n, L

Data © 2011 MIRC/JHA
Image © 2011 TerraMetrics
© 2011 Cnes/Spot Image
Data SIO, NOAA, U.S. Navy, NGA, GEBCO

B 39.221482° #2/¥ 140676771° 8% 515 m

= GOOGle

= 618.20 km C



2. EI:I:311§§£'!H3E
/4 v}i» » / \\)

LK1

X

# [F]

[(BiRIc & 2=k e

SAESIEE LT RoTE)
RXEHERANIC) A:Mz‘ﬂx\sslw-

REFKERK ﬂﬁtﬁ%#&wﬁi

RIS
F ST OLIED RN
U)Elbt;gr(ll\m

LB
ma

FNEEMDPRADABB ORI, 1030808,
MR SARICSE ML OXRSRFADAA
'Cil XL, '!'<¢TJQ!WE J*I‘JU‘

SHAHE

BB WP, AONSIL N 2T
XN, BPILHORKIEOR (B :.)"i =
T 9&((&&3?1!3555.0‘ AL




2011 Off Tohoku—Pacific Earthquake 4

THanasaki
2]
O 4
_2 —-

45°

...... LI o Bt N e B e e e o |

I
0 60 120 180 240 300

T 1 1 1
20_Kama' hi \ 0 60 120 180 240 300
10 - 4 IKushiro
0 5 ]
—10“ OA
-20
R B L R R _2”_
0 60 120 180 240 300 40° e B p— —_

20 -|Ofunato 0 60 120 180 240 300

10
0.3
—10

4 Hachinohe

2_

...20_.

LS 1 PSR A RS R A O ) R IR | 0

0 60 120 180 240 300 i, {
20 {Ayukawa -4 AL R
10 - 0 60 120 180 240 300
0_
_10_<IVW\/VM 35°
._20_

AT TR T T ]
0 60 120 180 240 300
20 {Soma

BN L L A B S

y | L R R
0 60 120 180 240 300

145° 150°

Amplitude (m)
o
|

Time (min)

! Ay s R L) )
0 60 120 180 240 300
Time (min)

Water height (m)

Fig.2 Maximum Height of Simulated Tsunami
Solid lines in red and blue indicate the observed tsunami waveform and synthtic ones,
respectively. by Yushiro Fujii (IISEE, BRI) and Kenji Satake (ERI, Univ. of Tokyo)
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12" WORLD CONFERENCE ON SEISMIC ISOLATION

ENERGY ISSIPATION AND ACTIVE VIBRATION CONTROL OF STRUCTURES

RECENT DEVELOPMENT AND APPLICATION
OF SEISMIC ISOLATION AND ENERGY DISSIPATION SYSTEMS,
IN PARTICULARIN ITALY,
CONDITIONS FOR THEIR CORRECT USE
AND RECOMMENDATIONS FOR CODE IMPROVEMENTS

Alessandro Martelli' | Paolo Clementez, Massimo Fomi3, Giuliano F. Panza4,

Antonello Salvatori’
lBologna Research Centre of ENEA, GLIS, ASSISi and EAEE-TGS, Bologna, Italy
’ENEA Lab. on Prevention & Mitication of Natural Risks, GLIS and ASSISi, Casaccia Centre (Rome), Italy
TENEA Technical Unit on Seismic Engineering, GLIS and ASSISi, Bologna Research Centre, Italy
‘Department of Geosciences of the University of Trieste, I[CTP, GLIS and ASSISi, Trieste, Italy
? DISAT Department of the University of L'Aquila and GLIS, L'Aquila, Italy
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Figure 1 Overall numbers of buildings with SIin the most active countries (left)
and in Italy during years (right)
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| Outline

2003 Off Tokachi Earthquake

o Characteristics of earthquake
o Damage photos

= Earthquake response of base isolation buildings
o Government building
o Office building
o Hospital
o Bank

= Summary




2003 Off Tokachi Earthquake

A?l-:'::__ "'." .'" i/%¥l '2:" ) ' \ .
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Date: 26™ September, 2003
s i D Viadivosiok X4\ Time: 4:50 am
S e  Magnitude: 8.0
Wi “wsees ol |ocation: 41° 46.78N 144° 4T1E
Depth: 42km

Missing: 2 people
Injured: 847 people




| JMA Intensity Map
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Damage by Tsunami after the earthquake
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(Photos from Hokkaido Journal)



Damage of roads
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(Photos from Hokkaido Journal)



Damage of buildings

(Photos from Hokkaido Journal) 7



Damage of buildings

8

(Photos from Hokkaido Journal)



| Damage of Oil Tank

Tomakomai City
(220 km from Epicenter)

Natural Period for Sloshing
=7 sec

(Photos from Hokkaido Journal) 9



| Effect of long period earthquake
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Base isolation buildings in Kushiro city
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[1] Government office building

SRC structure with steel braces

9-story building with 1-story basement

Reference:
T.Kajima, A.lto, H. Fuijita,

“Earthquake record of 2003 Off Kushiro
Earthquake at Kushiro-government office”,
Mensin Journal, pp. 36-38, NO.43, 2004.2
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| Allocation of base isolation devices
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64 Natural rubber bearings, 56 lead dampers and 32 steel dampers




| Observed records
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Distribution of max. acceleration response
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[2] Office building

RC wall structure

3-story building

Reference:
Y.Takenaka, T.Yasuda, Y. Suzuki,

“Earthquake observation of base
isolation building in Kushiro city at
2003 Off Kushiro Earthquake”,

Mensin Journal, pp. 31-35, NO.43,

2004.2
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Allocation of base isolation devices
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Base i1solation devices
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Distribution of max. acceleration response
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Orbit of displacement
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[3] Hospital building

RC structure

3-story building with
penthouse

Fist base isolation hospital
in Japan

Reference;
S.Sakai, Y.lto, T.lida,

“Earthquake respnse of bhase
isolation hospital”, Mensin
Journal, pp. 41-43, NO.43,
2004.2

22



Allocation of base isolation devices
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50 High damping rubber bearings
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Observed records
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Distribution of max. acceleration response
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| Orbit of displacement
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[1] Banking facility

SRC structure

7-story building with 1-story basement
and penthouse

Reference:
M.Todo, H.Seki,

“Earthquake record of 2003 Off Kushiro
Earthquake at Kushiro-bank headquarter”,
Mensin Journal, pp. 39-40, NO.43, 2004.2
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| Allocation of base isolation devices
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Base i1solation devices

natural rubber bearing

steel damper
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| Characteristics of base isolation devices
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Acceleration response (X-direction)
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Acceleration response (Y-direction)

1F Y=dir. (max 162)
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Orbit of displacement

Basement Drift
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Summary of base isolation effect
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9. Response of Seismically Isolated Buildings
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Table 9.1-1 List of SI buildings surveyed on 1* and 2% June, 2011

Usage Year of Super- Isolation Device' Existence of |IMA Seismic
Con- Structure Record Intensity at
struction [Type"!| # of Displace-| Accel-| the nearest
Floors| ment |eration| observatory
(scratch)
A Office 2009 |SRC| 9 | HRB < © 6 lower
B | Warehouse 1996 S 1 HRB 2 6 lower
C [Condominium| 2007 | RC | 14 | NRB, LD, USD 6 lower
D [Condominium| 2011 RC | 12 | LRB. USD 6 lower
E [Condominium| 2009 RC | 15 | LRB.ESB <G 6 lower
F |Condominium| 2009 RC | 10 [ HRB, ESB 6 lower
G| Hospital 2001 RC 6 | LRB, ESB 6 lower
H Office 1999 RC 18 | NRB, ESB < & 6 lower
1 Hotel 1998 | RC | 12 | NRB.LD, LSD 6 upper
J | Firestation | 2006 S 3 | LRB.SB, 0D 6 upper
K| Hospital 2002 | RC 5 | LRB, NRB, OD 6 upper
L | Fire station 2008 RC 3 LRB. ESB, USD o 6 lower to
6 upper
M| Hospital 2006 S 6 | NRB, NRB+USD, USD, o 5 upper
ESB
N| Firestation | 2007 [ RC | 3 | NRB. ESB. OD Q 5 upper to
6 lower
0| Hospital 2003 | RC | 4 | NRB,LRB,ESB, LSD 6 lower
B Hospital 2000 RC 10 | NRB, LD, LSD ° 4
Q| Hospital 2002 |SRC| 4 | LRB,SB,0OD o S upper
*] SRC: Steel Reinforced Conerete, RC: Reinforced Concrete, S: Steel
*2 NRB: Natural Rubber Bearing, LRB: Lead Rubber Bearing, HRB: High-damping Rubber
Bearing, ESB: Elastic Sliding Bearing, SB: Sliding Bearing. L1D: Lead Damper,
USD: U-Shaped Steel Damper, L.SD: Loop-Shaped Steel Damper. OD: Oil Damper
(Hereinafter referred to as above abbreviations)
3 Newly constructed in 1982 and retrofitted by seismic isolation in 2009,




Table 9.1-1 List of SI buildings surveyed on 1% and 2™ June, 2011

Usage Year of Super- Isolation Device Existence of |[IMA Seismic
Con- Structure Record Intensity at
struction [Type | # of Displace-| Accel-| the nearest
Floors ment |eration| observatory
(scratch)
A Office 2009 | SRC 2 HRB o © 6 lower
B | Warehouse 1996 S 1 HRB & 6 lower
C |Condominium| 2007 RC 14 | NRB, LD, USD 6 lower
D |Condominium| 2011 RC 12 | LRB, USD 6 lower
E [Condominium| 2009 RC 15 | LRB,ESB © 6 lower
F |Condominium| 2009 RE 10 | HRB, ESB 6 lower
G| Hospital 2001 RC 6 | LRB, ESB 6 lower
#*] SRC: Steel Reinforced Concrete, RC: Reinforced Concrete, S: Steel
20 NRB: Natural Rubber Bearing, LRB: Lead Rubber Bearing, HRB: High-damping Rubber
Bearing, ESB: Elastic Sliding Bearing, SB: Sliding Bearing, LID: Lead Damper,
USD: U-Shaped Steel Damper, LSD: Loop-Shaped Steel Damper, OD: Oil Damper
(Hereinafter referred to as above abbreviations)
*3 Newly constructed in 1982 and retrofitted by seismic isolation in 2009.




A

H Office 1999 | RC | 18 | NRB, ESB © 6 lower
I Hotel 1998 RC 12 | NRB, LD, LSD 6 upper
I | Fire station 2006 S 3 | LRB,SB, 0D 6 upper
K| Hospital 2002 RC 5 LRB, NRB, OD 6 upper
L | Fire station 2008 RC 3 | LRB,ESB, USD e 6 lower to
6 upper
M| Hospital 2006 S 6 | NRB, NRB+USD, USD, o 5 upper
ESB
N | Fire station 2007 | RC 3 | NRB, ESB, OD Q 5 upper to
6 lower
Hospital 2003 R 4 NRB, LRB, ESB. LSD 6 lower
P Hospital 2000 RC | 10 | NRB, LD, LSD 4
Q spital 2002 |SRC| 4 | LRB, SB,0OD © 5 upper
%] RC: Steel Reinforced Concrete, RC: Reinforced Concrete, S: Steel
*2 NRB: Natural Rubber Bearing, LRB: Lead Rubber Bearing, HRB: High-damping Rubber
Bearing, ESB: Elastic Sliding Bearing, SB: Sliding Bearing, LD: Lead Damper,
USD: U-Shaped Steel Damper, LSD: Loop-Shaped Steel Damper, OD: Oil Damper
(Hereinafter referred to as above abbreviations)
"3 Newly constructed in 1982 and retrofitted by seismic 1solation in 2009.




9.2 Behavior of Seismically Isolated Buildings

In this section, 5 SI buildings (A, B, C, L and M in Table 9.1-1) are picked up to
describe typical damages and situations under the 2011 Tohoku earthquake (mainly at
mainshock).

9.2.1 SI building (A)

(1) Building information

The SI building (A) is a steel reinforced concrete office building with 9-story
super-structure and 2-story basement, located in Miyagino ward in Sendai city (Photo
9.2-1). The building was retrofitted by using base isolation technique putting isolation
devices on the top of columns in B1F. The floor plan has the 26.4 m * 54 m rectangular
shape and 44 HRBs are installed.
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(a) Overview of the building (b) Sign board to warn about seismic gap
Photo 9.2-1 SI building (A) — SRC office building —

(2) Building performance during the carthquake
Observation results are summarized as follows:

a) According to the person in charge of the building, no furniture was turned over and
no structural damage was observed.

b) However, some damage was observed at the cover-panels of fire protection and the
expansion joints near the boundary between isolated and non-isolated floors (Photo
9.2-2). It scems that parts of expansion joints were not well operated due to the large
displacement of SI floor during the earthquake.

¢) The ground surrounding the building partially subsided around 10 cm.



(a) Damage to the panel (b) Damage to the expansion joint

Photo 9.2-2 Damage near the boundary between isolated and non-isolated floors

(3) Earthquake motion records

Accelerometers were installed in this building at B2F, 1F and 9F (top floor). A
scratch board was also installed in B1F to record the displacement of isolation interface.
Furthermore, there is an accelerometer installed by JMA in the basement of an adjacent
building. The maximum acceleration values of these accelerometers at the mainshock
are listed in Table 9.2-1.

Table 9.2-1 Maximum acceleration values

Direction

Location =
NS [gal] EW [gal] Vertical Z [gal]

Basement of
adjacent building

409.9 317:9 2514

B2F (below SI) 289.0 250.8 2349

IF (above SI) 120.5 143.7 3737

9F 141.7 169.9 5239

From the trace on the scratch board installed on the SI floor (Photo 9.2-3), the
maximum displacement was estimated as around 18 cm at the mainshock on 11 March,
2011 and around 10 c¢m at an aftershock on 7 April, 2011 (Photo 9.2-4).



(a) Trace at the mainshock on 11 Mar.  (b) Trace at an afiershock on 7 Apr.
Photo 9.2-4 Trace of displacement of SI floor during earthquake

9.2.2 SI building (B)
(1) Building information

The SI building (B) is a one-story steel warehouse constructed in 1996, located in
Miyagino ward in Sendai city (Photo 9.2-5). The building height is 30 m. There are 20
HRBs with diameter 850 mm and 4 HRBs with diameter 800 mm arranged in the

basement with 51.6 m % 31.7 m rectangular shape.



Photo 9.2-5 SI building (B) — Steel warchouse -

(2) Building performance during the earthquake

Since the building is located near the Sendai-Shiogama bay, tsunami reached the

building and the SI floor was submerged under water. The building also suffered the

damage to outer walls by the collision of floating debris (Photo 9.2-6). Observation

results are summarized as follows:

a)

b)

d)

According to the person in charge of the building, other warchouses nearby had
trouble of cargo-shift or collapse of stuff by the earthquake. On the contrary, this SI
warchouse had no such trouble at all. Since this warchouse is a freezer, tsunami
water entered in the freezer space was frozen. It took 16 days to remove the water
from the SI floor.

Tsunami height was estimated ~4.0 m from the trace of water on the wall (Photo
9.2-7) and damage situation of surrounding buildings (Photo 9.2-8). There is no
information about the direction and impact force of tsunami.

The ground was excavated in northeast corner of the building around 1.0 m depth,
probably because of the water flow from the building at the moment of tsunami
(Photo 9.2-9).

From visual inspection, there was no harmful scratch or inflation of the rubber of
HRB, however, severe rust was observed at the steel plates and bolts (Photo
9.2-10).



|
Photo 9.2-6 Damage due to debris

Photo 9.2-8 Tsunami damage to Photo 9.2-9 Excavation of ground
surrounding buildings

| A

Photo 9.2-10 Rust of High-damping rubber bearing

3) Earthquake motion records
From the trace on the scratch board in the SI floor, the maximum displacement



was estimated as around 21 ¢m at the mainshock (Photo 9.2-11).

Photo 9.2-11 Trace of displacement of the SI floor on the scratch board

9.2.3 SI building (C)
(1) Building information

The SI building (C) is a 14-story recinforced concrete building used for
condominium, located in Miyagino ward in Sendai city (Photo 9.2-12). The building has
U-shaped plan and corners of the building are separated by expansion joints. There are
24 NRBs, 8 LDs and 13 USDs installed in the SI floor.

(a) Overview of the building (b) Sign board to warn about seismic gap
Photo 9.2-12 SI building (C) — RC condominium building —

(2) Building performance during the carthquake
Observation results are summarized as follows:

a) According to the person in charge of the building, no furniture was turned over and
no structural damage was observed inside of rooms. However, the damage to the
expansion joint was observed.

b) Drop of the ceramic tiles on outer wall (Photo 9.2-13) and shear crack on the wall in



the first floor parking space (Photo 9.2-14) were observed. The subsidence of
ground ~10 ¢cm was observed around the building.

¢) No damage was found to RBs by visual inspection (Photo 9.2-15), however, paint of
USDs was peeled off (Photo 9.2-16) and many cracks were found on LDs (Photo
9.2-17).

Photo 9.2-13 Drop of ceramic tiles Photo 9.2-14 Shear crack on the wall

Photo 9.2-17 Lead damper and cracks on the surface



9.2.4 ST building (L)
(1) Building information
The SI building (L) is a 3-story reinforced concrete building used for fire station,

located in Tome city (Photo 9.2-18). The following SI devices are installed in the
basement with L-shaped plan; 61 m in the east-west direction and 358 m in the
north-south direction:

- 34 1RBs (6 with diameter 650 mm and 28 with diameter 700 mm)

- 11 ESBs (6 with diameter 500 mm and 5 with diameter 600 mm)

- 8USDs

(a) Overview of the building (b) Sign board to warn about seismic gap
Photo 9.2-18 SI building (L) — RC fire station building —

(2) Building performance during the earthquake
Observation results are summarized as follows:

a) According to the person in charge of the building, no furniture was turned over and
no structural damage was observed.

b) Because of the movement of the SI floor during the earthquake, the bolts of steel
dampers became loose and the paint on the dampers was peeled off widely.
Furthermore, a large amount of residual deformation of steel was remained (Photo
9.2-19).

(3) Earthquake motion records

According to the scratch board in the SI floor, the maximum displacement was
estimated as around 40 cm northward (Photo 9.2-20). The displacement was also
confirmed from the trace of scratch found at the expansion joint outside of the building.



(a) Peeling off of paint (2) Deformation of steel
Photo 9.2-19 Deformation of U-shaped steel damper

(a) Around 40 cm northward (b) Around 15 cm eastward
and 22 cm westward
Photo 9.2-20 Trace of displacement of the SI floor on the scratch board

9.2.5 SI building (M)
(1) Building information
The ST building (M) is a 6-story steel building with one story basement used fo

hospital, located in Ishinomaki city (Photo 9.2-21). Lower part of the building up
second story has the 100 m = 100 m square plan and higher part has 100 m * 25 m plan
The following SI devices are installed in the basement:

- 6 NRBs with diameter 1000 mm

- 16 NRBs with diameter 1000 mm with USD

- 74 ESBs (30 with 400 mm diameter, 25 with 600 mm diameter, 11 with 800 mn

diameter and 8 with 900 mm diameter)



(2) Building performance during the earthquake
Observation results are summarized as follows:

a) According to the person in charge of the building, up-down shaking happened
together with horizontal shaking during the earthquake. On the 6™ floor, contents
inside of the rooms such as refrigerators and shelves are moved or turned over, and
the fire protection steel door moved to open and hit against the ceiling by vertical
shaking causing the damage to the lamp covers. Above the 4™ floor, PC monitors
turned over.

b) In the penthouse, anti-vibration rubber of a power generator was moved and the
bottom part of a water tank was broken.

¢) Because of the movement of the SI floor during the earthquake, the bolts of the steel
dampers became loose and the paint on the dampers was peeled off (Photo 9.2-22).

d) The ground around the building subsided ~20 cm.

]

(a) Overview of the building (b) Sign board to Wa about seismic gap
Photo 9.2-21 SI building (M) — Steel hospital building —

(3) Earthquake motion records

From the trace on the scratch board in the SI floor, the maximum displacement
was estimated as around 25 cm westward (Photo 9.2-23). The displacement was also
confirmed from the trace of displacement of the ESB (Photo 9.2-24).






Photo 9.2-24 Trace of displacement of elastic sliding bearing



* sement has been estimated as around 20 cm.
displacement estimated over 40 cm.
ved at the expansion joints. It seems that parts

erated due to the large displacement of the SI

ding was observed in some buildings.

pers. A number of cracks might be increased

Photo 9.2-24 Trace of displacement of elastic sliding bearing

T IE— lely for U-shaped steel dampers. In some cases,
Investigation results of 16 SI buildings in Miyagi prefecture and one SI building
n Yamagata prefecture are summarized as follows: Lalned'
) Super-structurcs of the SI buildings suffered almost no damage even under strong
shaking with IMA intensity 6 upper. It verifies the performance of the SI buildings.
)) There are 8 buildings with scratch boards to measure displacement of the SI floor.
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