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Abstract

At 14:46 (local time) on March 12011, an earthquake with moment magnitude 9.0roed off the shore of the Sanriku
area in the Tohoku (North-East) Region of Japawak followed by a “Mega Tsunami” which hit deeptgented coastal
areas and brought extensive and devastating datnagany cities, towns and villages. These areae baen historically
attacked by large tsunamis, such as the 1896 aijiriku, 1933 Showa-Sanriku, and 1960 Chili EardkguTsunamis and
based on these experiences, people in affected hea@ been promoting preparation of both strucamd non-structural
countermeasures against tsunami. It had been egpdhat this area had literally the highest tsunatisiaster
countermeasures in the world. The breakwater aactstil at the mouth of Kamaishi Port, which was reggbin the World
Guinness Records and the tsunami levee with 10avatbn called Taro’'s great wall were typical exdéaspof such
structural countermeasures. However, the 2011 Tsuaaceeded the height of these structures andkatfainland, and
caused devastating damage including over 18 thdusdalities.

Mass media have reported that tsunami disasterteoneasures had limited effects and could not redhe
damage despite the fact that these measures wepparpd by spending a lot of money and time, andyrpanple believed
such reports. In this paper, | will prove such mpby mass media and lessons that many peoplevbdlito have learned
from the disaster were not correct based on thetijative analysis. And | will introduce positiveié negative effects of
both structural and non-structural measures. Faligis one of the examples that is misunderstootheygeneral public.

At the time of the earthquake, there were approteina20 thousand people were in all areas inundayethe 2011
Tsunami. Among them, 18 thousand were killed whicB % of the total population. While it is impantato verify the
cause of fatalities and find solutions for themsitlso important to acknowledge that 97% of thepte who were in the
tsunami inundated areas were saved by the pre-eventermeasures that were in place. Survivor® &t97 % is very
high compared to that of other massive tsunamistiss in the past worldwide. Unless we emphasieértiportance and
effects of pre-event countermeasures, the genebdicpnay underestimate their effects and easiigdbtheir importance.

The highest ratio of fatalities in only tsunami molated area was 12.8 % of Rikuzen-takata City hatlih whole
municipality area was 9.46 % of Onagawa Town. Thiaties are much smaller compared to the valuéisdrpast in areas
that did not have well established countermeas@sexample, the fatality ratio was 32.7 % in Wmoa Village, 53.9 %
in Kamaishi Ttown, and 66.4 % in Toni Village inseaof the 1896 Meiji-Sanriku Tsunami disaster wtienpopulation of
Japan was 42 million, one third of the current pafion and 22 thousand people were killed. Thelifgteatios of Taro
when compared among three disasters in 1896, 1B8®&Sanriku, and 2011 Great East-Japan Tsunaastdis, were
83.1%, 32.5 %, and 3.9 %, respectively. This is@fpthat people could reduce the damage drastibgllell-established
pre-event countermeasures.
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1. Introduction

An earthquake with moment magnitude 9.0, whichhis largest among all earthquakes scientificalomged in Japan,
occurred at 14:46 (local time) on March™ 2011. The Japan Metrological Agency (JMA) nanigid earthquake “the
2011 off the Pacific coast of Tohoku Earthquake (bis generally called the Great East-Japan Kakike) and it induced
“Mega Tsunami”. The tsunami hit deeply indentedstabareas and brought extensive and devastatimagiato many
cities, towns and villages. The Cabinet Office apanese Government named this extensive and dévgsitamage as
Great East-Japan Earthquake Disaster.

The affected areas have been historically attableldrge tsunamis, such as the 1896 Meiji-Sanrlla83 Showa-
Sanriku, and 1960 Chili Earthquake Tsunamis. Basethese experiences, people in affected areasb®are promoting
preparation of both structural and non-structumintermeasures against tsunami. It had been repthré¢ these affected
areas had literally the highest tsunami disastantssmeasures in the world. The breakwater consuauat the mouth of
Kamaishi Port, which was reported in the World Ggiss Records and the tsunami levee with 10 m éevedlled Taro’s
great wall were typical examples of such structaralntermeasures. However, the 2011 Tsunami exddddeheight of
these structures and attacked inland, and causedtdéng damage including over 18 thousand faalit

Mass media have reported that tsunami disastet@oneasures had limited effect and could not redueelamage
despite the fact that these measures were prepgregending a lot of money and time, and many gebplieved such
reports. In this paper, | will prove such reporysrbass media and lessons that many people belteviealve learned from
the disaster were not corrdgased on the quantitative analysis. And | will alswoduce positive and negative
effects of both structural and non-structural measuand some important points for proper recoostm from
large disaster.
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Fig. 1—Distribution of seismic intensity (left) and peatognd accelrations (right)
recorded during the 2011 Great East-Japan Eartleq@ak

2. Outline of the damage dueto the 2011 Great East-Japan Earthquake and Tsunami

The 2011 Great East-Japan Earthquake generated) giround motions and huge tsunami that hit wida af
East-Japan region. Maximum inundation depth andupueight of tsunami reported were 21 m and 43.3 m
respectively [1]. About ground motion, seismic imgity 7 of JMA intensity scale was observed, whilthe
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highest ground motion level in JMA scale and is sam intensity 12 of MMI scale as shown in Fig2]JL The
Peak Ground Acceleration (PGA) recorded in affeceshs were very high. Top eight largest PGAs chmbr
locations and their values are shown in Fig. 11&®ubigh PGAs with approximately 1.5 to 2.8 G webserved

in wide areas but structural damage was so minoalse of the following two reasons. First, predanin
period of the ground motion was around 0.5 sedorter and the period between 1 to 3 sec, whickctdfa lot
normal buildings and civil infrastructure, was ngttong. The other reason was that preparation sigain
earthquake had been carried out well in the affeetecas. This was due to a probability of the emke
occurrence reported by JMA as 85 % within 20 yeard 99 % within 30 years with magnitude 7.5 or miare
Miyagi Prefecture and nearby location.

The number of death toll and missing was over 22,@@luding 3,460 people killed by indirect cause
after the quake as shown in Table 1 and 99.5 % imdvByagi, Iwate and Fukushima Prefectures. Am8mp0
indirect death toll, 2,037 victims were in Fukushifrefecture during the prolonged refugee life ustiessful
conditions. Among the direct death toll, 92.4 %reveaused by tsunami. The total direct monetary lysthe
2011 Great East-Japan Earthquake was 16.9 trijiignas shown in Table 2 and it is 1.7 times latgen that
by the 1995 Kobe earthquake. The maximum damagdhed of buildings mainly caused by tsunami arvdais
10.4 trillion yen ([3], [4]).

Five years have already passed since the 2011 Gasttlapan Earthquake, its induced damage was so
serious that the Japanese people are still recay&om it and facing many issues. Activities ispense to the
accident of the Fukushima Dai-ichi (First Fukushinvaclear Power Station are difficult and insuféict to
alleviate its impact to both inland and marine emvinents.

Table 1- The number of fatalities in each prefecture abl& 2— Monetary loss by the 2011 Great East-Japan

affected (by National Police Agency [3]) Earthquake [4]
Frefecture 5 Item (details) Loss
Hokkaido (trillion yen)
fomon] 3 1 4 0 4 Building structures (residential structures, stores, 10.4
faie 4,673 1,142 5,815 441 6,256 offices, factories, etc. ) ’
Miyagi PR epee
Yamagata 9,537 1,280 10,817 971 11,788 Lifeline faCIlItles(water, gas, electricity supply systems, i3
Fukushima 1 60§ 203 1 81121 2 03; 3 85? communication and broadcast systems) )
Ibaraki * 24 1 : 5 - 41 * 66 Civil |nfraStl‘uCture(river,road, ports, airport, 2.2
Tochigi 4 0 4 0 4 sewerage systems, etc.)
Gunma 1 0 1 0 1 | |Agriculture, Forestry and Fisheries related 1.9
Saitama 0 0 0 1 1
S 21 2 23 1 24 | |Others (education, health, medical, welfare facilities, 1.1
W 7 0 7 0 7 and other public facilities)
Kanagawa 4 0 4 0 4 ¥
otal
Total 15,882 | 2,668 | 18,550 | 3,460 22,010 16.9

3. Positive and negative effects of structural and non-structural counter measures

As Table 3 shows, there are two types of disasbentermeasures, one is structural and the otheotis
structural. In this chaper, | will explain the ptbg and negative effects of these two counternteasu

Table 3— Positive and negative effects of structural and-stomctural disaster countermeasures

Positive effec Negative effec
-, It provides a sense of securi
Structural —Breakwa_lter at Kamaishi Port es%ecially with underestimated tsunami
countermeasures| -Tsunami levee at Taro warning informatior
Hazard map influences peopl:
Non-structural | -Tsunami education (Kamaishi's | decision to evacuate and it can provide
countermeasures| miracle) exessive sense of safety depending on

the evacuation of haza
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3.1 Positive and negative effects of structuraintetmeasures

Prior to 2011, based on the past tsunami disagp®@riences, the areas affected by the 2011 Tsuhadchbeen
promoting preparation of both structural and nanettiral countermeasures and their preparation leseame
the world’s highest. The breakwater constructethatmouth of Kamaishi Port and the tsunami leve&adro
area were the typical examples of such structwahtermeasures. But, the 2011 Tsunami exceedeldeigat
of these structures and attacked inland, and caleseastating damage including over 18 thousanditfata

By showing the failed image of such facilities (Fi@), mass media conveyed that tsunami disaster
countermeasures, which were prepared by spendioigoh money and time, could not reduce the damagd,
many people believed the news. However, this icooect.

# | From the Website of Miyako-City, lwate Prefecture. Tsunami Levee at Taro, Miyako-City _ ;

Open: 300 m
South-side: 670 m gz Z
m=670m

Yo oAy B R * ,».\ 4 e
Damaged breakwater at Kamaishi Port (photo by K. Meguro, 2011 August) Collapsed Tsunami Levee at Taro, Miyako-City, Iwate Prefecture (photo by K. Meguro, 2011 August)

Fig. 2—Damage to structural countermeasures against tsubeakwater at Kamaishi Port (left)
and tsunami levee at Taro, Miyoko-City, Iwate Pcéfiee

At the time of the earthquake, there were approtéipa620 thousand people existing in all areas
inundated by the 2011 Tsunami. Among them, 18 tandpeople, which is 3 % of the total populatioerev
killed just after the earthquake and tsunami. Witiles important to verify the causes of fatalitiasd find
solutions for them, it is also quite important wkaowledge that 97% of the people who were in gumami
inundated areas survived owning to the pre-evemttesmeasures that were in place. Survivors’ m@tti®7 % is
very high compared to that of other massive tsurgisasters in the past worldwide as well as theesaraas.
Unless we emphasize the importance and effectsrefeyent countermeasures, the general public may
underestimate their effects and easily forget timgportance.

Table 4 shows the fatality ratios in whole munititgaarea and only tsunami inundation area in each
municipality. The highest fatality ratio in onlyutsami inundation area was 12.8 % of Rikuzen-takita and
that in whole municipality area was 9.46 % of Onvegda own [5]. These ratios are much smaller compé&wed
these values in the past, when tsunami countermesagtas not yet established. Table 5 shows thafathéty
ratios in case of the 1896 Meiji-Sanriku Tsunansiadier that were 32.7 % in Unosumai Village, 53.9n%
Kamaishi Town, and 66.4 % in Toni Village, respeely. The population was 42 million, one third diet
current population and 22 thousand people weredil6]. The fatality ratios of Taro when comparedoag
three disasters in 1896, 1933 Showa-Sanriku, afid Bdeat East-Japan Tsunami disasters, were 832.% %,
and 3.9 %, respectively, as shown in Table 6 [A]sTs a proof that well-established pre-event ¢etmeasures
can reduce the damage, especially human loss.

The effects of the breakwater constructed at tloutin of the Kamaishi Port, which mass media
negatively reported that it could not be functionabs evaluated by the Port and Airport Researsctitire
(PARI) [8]. Figure 3 shows the result of breakwasdfect evaluated by high accuracy numerical tsiinam
simulation. From the research results of PARIyvalriime of tsunami could be delayed by 6 minutésciv was
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a long time from the viewpoint of the people whaeverapped by tsunami. The impact by the tsunanmlémd
facilities and structures was reduced by decreasducity of tsunami wave. With drastic reduction thie
amount of seawater coming into bay, inundation ldewtd run up height could be reduced by 30 to 50f %.
there had not been a breakwater, they might haea he43 to 2.0 times higher than actual. Also,irgur
backwash of tsunami, by the dam effects of the Kwater, rapid backwash with high velocity could be
prevented and save a lot of people.

Table 4— Fatality ratios in municipalities and inundatedaafg]

Municipality p ot Maximum [InundationfPopulation in] Total Death ratio to the | Death ratio to the
Prefecture c:city, t:town, opuiation| ., hdation area inundated | (death + municipality populationin
vuvillage (2010.4) depth (m) (km™ ) area missing) population (%) |inundationarea (%)
Aomori Misawa-c 42425 8.4 6| I_2| 0.0047 =
Aomori Hachinche-c 244700 6.4 E 2 0.00082 =—
lwate Hirono-c 21164 15.1! 1] 0 % =
lwate Kuzi-c 41094 8.6 4 4 0.009 i
lwate Noda-t 5303 14 2| 38 0.72 S
lwate Fudai-v 3374 22.8 1 1 0.030 —
Iwate Tanohata-v 4465 28.6 1] 33 0.74 Z= =
lwate Iwalzumi-t 12539 28.8 1 7 0.056 =
lwate Miyako-c 65682 7.3 10 18378 554 0.84 3.01
lwate Yamada-t 21180 9.7 5| 11418 854 4.03 7.50
lwate Otsuchi-t 17468 12.6 4 11915 1449 3.30 12.1
lwate Kamaishi-c 44632 9.3 7] 13164 1180 2.64 8.9%
lwate Ofunato-c 43682 11.5 g 18073 448 1.03 2.3
[YERl Rikuzen-takada—c 26018 8 13 16640 2122 3.1d
Miyagi Kesennuma-c 73541 12 18] 40331 1417 1.93 3.51
Miyagi Minamisanriku-t 17339 15.9 10| 14389 987 5.70 6.86
Miyagi Ishinomaki-c 160252 7.4 73 112276 4043 2.52 3.60
10032 75 I sois oo 1179
Miyagi Higashi- 42760 10.3 37 34014 1150) 2.69 3.38
matsushima-c
Miyagi Matsushima-t 15187 2.9 2 4053 2 0.013 0.049
Miyagi Rifu-t 33795 2.9 0.5 542| 2 0.0059 0.37
Miyagi Shiogama.m 56859 2.9 o 18718 71 0.037 0.11
Miyagi Shichigahama-m 20495 12 5 9149 72 0.35 0.79
Miyagi Tagajo-c 63729 5 G 17144 101 0.30 1.11
Miyagi Sendal-c 1035651 g 52| 29962 737 0.071 2.46
Miyagi MNatori-c 72606 8.3 27 12155 993 1.37 8.1
Miyagi lwanuma-c 44448 8.5 29| 8051 184 0.41] 2.29
Miyagi Watari-t 34867 7.7 35| 14080 261 0.75 1.85
Miyagi Yamamoto-t 168[]2| 12,21 24 899[_J| 693_| 4.1 7.71
Fukushima Shinchi-t 8822 7.6 11 4666 110 1.2 2.36
Fukushima Soma-c 38624 9.1 29 10436 459 1.19 4.40)
Fukushima | Minami-soma-c 73853 16.3 39 13377 673 0.91 5.03
Fukushima Namie-t 22053] 6] 184} 0.83 —
Fukushima Futaba-t 7381 14 El 35 0.47 =
Fukushima Okuma-t 10995 2| 74 0.67 —
Fukushima Tomioka-t 16091| 1‘ 26 0.1 —
Fukushima Naraha-t 8208 El 13 0.1 —
Fukushima Hirono-t 5581 8.7 2| 3 0.054 —
Fukushima Iwaki-c 356165 7.4 15 32520 347 0.097 1.0
Ibaraki Kita-ibaraki-c 51180 6 3 5 0.0098 = -—-—--
Ibaraki Tokai-v 35604 4.2 3] 4] 0.01 = -—-
Ibaraki Hitachinaka-c 155336 4.4 E 2] 0.0013 = —-——--
Chiba Asahi-c 68774 7.6 3 13 D01
3150755 522.5 483489 20344 0.65 4.21

On the other hand, there was negative effects atwtral measures that gave relief to the peoplab
they could have been hesitant to evacuate fronmataurEspecially, the areas with high protectioriliiées, such
as huge breakwater or levee, evacuation was deldyedo JMA'’s underestimated height of tsunami \wayn
The main reason for underestimating tsunami heigig that JMA estimated the magnitude of the 201daGr
East-Japan Earthquake as 7.9 while it was act@ally JMA estimated the tsunami height based on atm
7.9 that tsunami height would be 6 m for Miyagifecture and 3 m for lwate and Fukushima Prefectthrat
were much smaller than real tsunami and much |dlagar tsunami protection facilities that they hadmay be
said that this is a negative effect by having h#ubtantial structural measures.
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Table 5-Fatality ratios in the 1896 Meiji-Sanriku

Table 6Fatality ratios in Taro

Earthquake [6]

in the pdisasters ([6], [7])

. Death | Heavil Slighth No.of | Fatality [Municipali No. of Ratio of
population| "1y | {ired | injured | survivors i | e g e <t
et Ryoishi 939 790 12 13 179 84.1 houses o w or washed
' Unoshumal | 712 174 9 20 538 244 away | away (%)
Y Hakozaki | 930 15 0 2 s | 1e1 | 32.7 Maiji-Sanriku Eq.
Katagishi | 563 43 3 8 516 | 8.70 (M8.5) 2248 | 1867 | 831 | 345 | 345 100
Kamaishi.c |Kemaishi | 5687 | 2907 68 243 2780 51.1 539 (1896.6.15)
Hirata 1299 858 16 292 241 66.1 . T
Oishi 323 10 0 0 318 3.10
Arakawa 260 115 2 9 145 44.2 ff‘ggg"ggg 2744 Al 32.5 | 550 540 894
e Katagishi 156 98 9 9 58 62.8 66.4
Koshirahama | 629 475 18 3 154 75.5 . Great East-
Honngo 873 769 6 3 104 88.1 Japan Eq. (M0.0) | 4,302 166 3.9 |1467| 979 66.7
Kerobe 294 217 0 13 77 73.8 (2011,3.11)
Qowatari Riv.
Observed. 6.9 - 9.0 (m)

Estimated: 8.0 (m)

Importance of
Structural Measures

Breakwater

Observed: 8.1 (m)
Estimated: 7.7 (m)

Effects of Breakwater

-Delay of arrival time of tsunami: 6 minutes
-Reduction of inundation depth

and run up height: 30 to 50 %

(1.43 to 2.0 times higher than observed ones)

(by Port and Airport Research Institute (PARI), Japan)

TsunamiArmval Time:
6 min. Delay

Qowatari Riv.

15 : ‘
= WithW. Break \
= Without W. Break [

Kamaishi Observatory Station

..........

]

Kamaishi Port Office

....................

VWater Depth (m)
<n

Time since the occurrence of the Eg. (min)

‘ Without Breakwater ‘

Fig. 3—Numerical simulation of the effects of breakwateth@ mouth of the Kamaishi Port [8]

3.2 Positive and Negative Effects of Non-Struct@alintermeasures

So-called “Kamaishi's miracle” is a typical examplethe positive effects of non-structural measyégsAt the
time of the 2011 earthquake, there were 2,926 stade all elementary schools and junior high s¢hion
Kamaishi City. Among these students, 2,921 studsmitgived and five students were killed. All of sieefive
students were either absent on that day or evatuwaith their parents independently from their claates
immediately after the earthquake. Survivor raticsteidents in Kamaishi City was 99.83 % and this ealked
“Kamaishi’s miracle.”

Behind this miracle, there was a great contributib Professor Toshitaka Katada from Gunma Unitgrsi
who had been giving an excellent disaster educatictudents in Kamaishi City. He proposed “thraagiples
for safety evacuation” which were 1) Don't belied@mage estimation, 2) Never give up and do your it
your situation, and 3) Be an evacuee who guidegrsthWith the support from teachers and education

6
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committees of Kamaishi City, he educated the sttgdasing three principles. Typical good example Wees
evacuation behavior by the students of Kamaishislig junior high school and Unosumai elementarypskh
These two schools were located in same area agchteecarried out disaster drill together. Justrate 2011
earthquake, the students of Unosumai elementagosevacuated to the roof of school building b fenior
students of Kamaishi-Higashi junior high school evier the schoolyard and called elementary schodlestts to
come. And all students of the two schools evacutdgulanned evacuation place but they found slailaré

near the place and decided to move to the higtaeepl Again, they considered that place was net sadugh,
they moved to higher place taking pupils of kindetgn and aged people living nearby. If they haghtia the
planned evacuation place, they would have beempédyy tsunami, but because of their good deciaimh
activities, all students could survive.

Next, | will introduce negative effects of nontsttural measures. In Kamaishi City, where there was
Kamaishi's miracle, hazard maps were distribute@ltdhouseholds before the quake. When we chettked
relation between the addresses of the people whe kiked by the tsunami and hazard map, one thirthe
victims were living in high risk areas on the mapt twice larger number of victims were living ielatively
safer areas on the map. There was the possithilittyhazard map was misused as a safety map by cotihe
victims. But, we should not forget about the intpace of the hazard map and hazard map could skteoa
people. This is also important point that we shawdder misunderstand.

4. Common lesson leant from past three large earthquake disastersin Japan

Figure 4 shows the causes of the death toll irptts large earthquake disaster in Japan. Fronmigheef major
causes of death are different in each disastarase of the 1923 Great Kanto Earthquake, 87.1 % efires,
in case of the 1995 Kobe Earthquake, 83.3 % werstingtural damage by ground motion, in case of2bikEL
Great East-Japan Earthquake, 92.4 % were by tsyaaini

| from hitp://www?2.ttcn.ne jp/honkawa/4362a.htmi |

Damage to }
factory (1.4%) [\

Strur.tural damage {4 d%ﬁ

Burned
(1.1%)

92.4%: by Tsunami

UﬂknDWﬂ
—1 {1.0%)

Unknown
(2.0%)

Washed away
| and buried (1.0%)

Damage to
residential
buildings
{10.5%)

87.1%: by Fires

83.3%: by Structural Collapse
{a) 1923 Great Kanto Earthquake (b) 1995 Kobe Earthquake (c) 2011Great East-Japan Earthquake

Fig. 4 — Causes of death toll by the past majahgaake disasters in Japan [10]

Lessons from three earthquake disasters in thespast to be different, but there is a common ingort
lesson when | investigate each cause carefulig. dtseismic capacity of structures and its bigaff to whole
earthquake disaster.

The biggest cause of the spread of fires in caghefl923 Great Kanto Earthquake is collapse of the
buildings. By structural collapse, possibility afbk out of initial fires increased, and conditafrextinguishing
initial fires became difficult and fires spread.dase of the 1995 Kobe earthquake disaster, thepsel of the
old buildings constructed before 1981, when theslastructural code was revised, and over turninthe
furniture became a major direct cause of the dedlthin addition, since just after the earthquatkéhree days
later, there were 45 to 50 thousands people trappedr the damaged structures in the whole affeateds.
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Among all these people, approximately 8,000 pewlee taken care by public services, such as finedig and
self-dense force, 27,000 people were by the loeaple, and 10 to 15 thousands people escaped fiem t
damaged structures by themselves. About the pedpbewere killed by fires, most of them were trappeder
the damaged buildings and could not escape fronfithe Direct cause was fires, but if their stires had
been strong enough, they could have escaped fn@®s &ind survived. In case of the 2011 Great Eastnla
Earthquake, there were very few structures healdljnaged by the ground motion, therefore, there wmere
people who were trapped under damaged structutes@nd not escape from tsunami. If there had beany
people who were trapped under the damaged strgcitutsunami stricken area similar to the Kobeleprake
case, many of them might have been killed by tsiinam

5. Effectsof long period ground motion

Figure 5 shows the natural periods of structuresfaadilities. In general, ground motion with predoat period
from 0.5 to 2 sec is critical for standard housed lbuldings and the structures with long naturaigoeof 3 sec
or more, such as super high-rise buildings, lagggesstrorage tanks and long span brige, etc. maver effects
against such ground motion. However, when the Ipegod ground motion attacks the structures withglo
natural period, structural response becomes langgthey might have severe damage.

Long period ground motion by the 2011 Great Eapttiaearthquake was observed in wide areas from
Central to Western part of Japan including Tokydropmlitan area. Due to this long period ground iorgt
structural response of super high-rise buildingsab®e large and amplitude was about one meter. Henvéev
was lucky for Tokyo area because volume of acanatip prism that transmits long period ground motical is
limited in eastern region from Kanto as shown ig.F [11]. In case that large earthquake happergesiern
part of Japan, such as the one along the Nankaghroeffects of long ground motion becomes muclndrig
Therefore, we should not misunderstand that a®ffeets of long ground motion with magnitude 9 slagas
not so severe in Tokyo area, magnitude 8 clashaaake along the Nankai trough will not be big pealn The
effects from the earthquake in western area becomiet severer compare to that in eastern area.

Natural Periods (sec)

Critical predominant period of Long period ground motion b Kanto Plain —
round motion for normal structures o {
& 0.5~2 (S)l I 3~30 (g) | 4 (Tokyo)
0.03 0.1 10 10.0 30.0 ] .
——p _ — 0 g r " ‘_‘}
Nuclear Power plant Build. (200~ 300m) 2 3 Nobi Plain \
— > = ‘ v
% Timber house Build. (100~200m) Sy ~ (Nagoya) .
bl s — @ =S -7
=] School Bul.  Buld.(50~  Build. with % < &5
-G 0m) base 3 N—
35 Building (<50m) isolation Large-scale =~ 3
bl C——) storage tank
s Road Faclt.
2] -

V4l

Timber house Building (<50m) (over 50m) Base Storage

isolation tank
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6. Important pointsfor proper reconstruction from the huge disaster

Two days after the earthquake, | was invited to €amnational strategic office of the Japanese gouent to
give some advices to disaster response by the gowt. For proper quick response towards recovedy a
reconstruction of affected areas, | explained tilwings. 1) Imperial Capital Reconstruction Dep#nt and
Dr. Shinpei Goto’s Tokyo reconstruction plan andrfgrinciples after the 1923 Great Kanto Earthqué&ke
Pairing system carried out after the 2008 Sichummthgquake in China, 3) Issues and limitations afa3ter
Countermeasure Basic Act of Japan, and 4) Progtersythat Japanese government should establighttoe
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Tokyo metropolitan inland earthquake and Tokai,Nankai, and Nankai earthquakes along Nankai trough.
Based on the next meeting held three days aftefitstemeeting, | summarized my ideas and propabed
vision of reconstruction as follows.

Vision of reconstruction: Creative revival to become the foundation of the future prosperity and development

Four principles:

1) Reconstruction for showing solutions for Japanese future issues as well as implementation of rich and safe
built environment of affected areas

2) Reconstruction carried out jointly by national and local governments, private sectors, NPO/NGO, the people
in affected areas as well as the other parts of the country by sharing ideas and resources

3) Reconstruction considering low environmental load, sustainability, and local industrial revival

4) Reconstruction based on the re-examination of the preconditions

Fig. 7 — Vision of reconstruction and four prin@glfor reconstruction

Under the vison of reconstruction that is a creatrevival to become the foundation of the future
prosperity and development, | put four principlesvill briefly explain meaning of each principle.baut the
first one, it is primary important to implementhiand safe built environment of affected areas tiiaffected
areas are problem advanced areas, such as depmp@atl aging society, their reconstruction shalidw the
solutions for the other areas which will face samjproblem in future. Big disaster has unique ottarsstics that
it shorten the time and show the potential problémas affected areas have with or without disagSiberefore,
recovering what it was before the earthquake inough although affected people are saying tlegt want to
have same built environment as before the quaksadbir is very unfortunate event, but unfortunatent
should be used for solving the problems that affiéetreas had. This is a concept of ‘Build Back 8¢BBB)’
that was declared in Sendai statements at'tHgN8 World Conference on Disaster Risk Reduction (IVRR)
in March 2015 in Sendai, Miyagi Prefecture.

Then, does the reconstruction, which is being edriout at a stricken area of Sanriku, satisfy this
condition? | have considerable doubt.

The reason why people moved to high land and maeie town after the 1896 Meiji-Sanriku and 1933
Showa-Sanriku earthquake and tsunami disasters thateit was the only way for them to have enough
elevation to escape from tsunami attack. Now, we llechnology to have enough height without mowinghe
hill. But people in affected areas are constructiregv town and new civil infrastructure on the hikgimd
excavating large hill. Also, they are constructiregy high banking on the lower area to build a repace for
business using big amount of soil from hill excémat These are very expensive not only for theirstauction
but also for maintenance. When they use currefint@ogy and construct high rise buildings, 15 tesfry
buildings in affected areas, people can have safleemough floor area with much lower cost and theneo
need to construct new civil infrastructure. Witthmsorule, lower floors, such as from the ground 'foo# 3"
floors are used only for public purpose and regidepeople live only from 8 or higher floors, they can enjoy
tsunami safe life. The following problem can als dolved that when huge tsunami protection fagdlitare
constructed, people cannot see the ocean. Itda piinted out by the people, mainly fishermemyfproposed
new type evacuation centers, which | plan to inticelat 16 WCEE presentation, are constructed ieddand,
people can use lower area with safe condition withmaking high elevation banking. Consideringdélpected
changing of the society, there are many positivieces from economical, ecological and health care’s
viewpoints. As one of various types of reconstauctiif people in affected areas accepted this typéhe
reconstruction, it would give some good solutiontfee future disaster reconstruction.

About the second principle, in case of disastehwitrmal scale, disaster response activities aielyna
done by affected local governments and people,ratidnal government. But the 2011 disaster was laungke
their colaboration is not enough. Therefore, ihiportant for all stakeholders in Japan to resgoimdly sharing
ideas and resources to help affected areas fok qamovery. Especially, supports from the people vlad
disaste rexperiences. But, there is another impbrteaning of the second principle that supportingvities
are very usefull for the people, who visited aféecsites and helped disaster reponse activitiebate real
experience on disaster response. For reductiommfide due to future large earthqukes, it is impottalearn
what disaster management is through supportingitsesi in affected areas.
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About the third principle, the meaning is simpleitais written. About the forth, this is a warnimgr the
possibility of unexpected situation. We should gguge that there was blind belief in our scientkimowledge
and technologies and that they were not enoughsiWdald always question our knowledge and neveetdige
sense of awe and humble feeling to nature for implgation of a disaster safe society.

7 Conclusions

Although five years have already passed since @4 Zreat East-Japan Earthquake, its induced dawasgso
serious that the Japanese people are still recaydrdom it and facing many issues. | believe that iquite
important to consider the recovery from this disasts a national important issue and to tackle iggae
seriously by whole country for reducing damage loyife big earthquakes, such as Tokyo metropolittand
earthquake and gigantic earthquakes along the Né#kegh, as well as for the victims in affecte@as due to
the 2011 Great East-Japan Earthquake disastee 8iamccurrence of the earthquake, | have beegmnéting
that there are many problems which cannot be sdbyethe results in some small number of specialtiesat
power of nature, and sense of the awe and humidiéndeto nature which we, researchers in disaster
management, should not forget.

In this paper, | have introduced misunderstoodsdbat the general public believed based on negativ
reports from mass media and corrected them. Irabigtuthe fatality ratio and the number of fatiglst due to the
2011 Great East-Japan Earthquake were much lowertktiose in the past tsunami disasters in the vesridell
as in the same location, and structural measuueb, as breakwater and tsunami levee, played imputortdes
and reduced the fatalities. Also, | have introdugdising some examples that both structural amdstrauctural
measures have positive and negative effects. Merebhave explained the reasons of minor struttiaenage
considering high PGA, effects of long period groundtion, and some points that are important forppro
recovery and reconstruction from large disaster.
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