Twenty Two Years after Kobe and Six Years after
Tohoku — A Japanese Way toward Establishment
of Resilient Cities

September 4, 2017

by
Masayoshi Nakashima

President of Kobori Research Complex (KRC)
Counselor, Kajima Corporation
Professor Emeritus, Kyoto University
President-Elect, International Association for Earthquake
Engineering (IAEE)

Major Earthquakes in Japan (after 1995)

Date of Occurrence Name Magnitude
1995, Jan. 17 Kobe (Hanshin-Awaji) 7.3
2000, Oct. 6 Tottori-Ken Seibu 7.3
2001, Mar. 24 Geiyo 6.7
2003, Sep. 26 Tokachi-OKi 8.0
2004, Oct. 23 Niigata Chuetsu 6.8
2007, Mar. 25 Noto Hanto 6.9
2007, July 16 Niigata chuetsu-Oki 6.8
2008, June 14 Iwate Miyagi Nairiku 7.2
2011, Mar. 11 Tohoku 9.0
2016, Apr. 14-15 Kumamoto 7.3
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Problems Surfaced out from Past Large Earthquakes

1995 Kobe (Hanshin-Awaji)

00 Tottori-Ken Seibu

Collapse, Seismic Retrofit

- Strong Motion (K-Net)

- Shaking Table
(E-Defense)

y
2003 Tokachi-Oki
2004 Niigata Chuetsu
2007 Noto Hanto

2007 Niigata Chuetsu-Oki

2008 Iwate-Miyagi

2011 Tohoku

2016 Kumamoto

Business Continuity (BCP)

- Long-Period Ground Motion

Huge Tsunami

- Resilience

- Seabed Motion (S-Net)
-> SIP

Repeated Shakings
- Judgment of Safety

Building Damage in 1995 Kobe
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Structural Damage
in 1995 Kobe Earthquake

Notable Difference in Damage Level: Correlation
with Building Age
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Clear Contrast of Damage to RC Buildings

Wall damage
- Acceptable -

“Learning from Earthquakes”

Earthquake engineering has a long history of “learning
from actual earthquakes and earthquake damages.” That
is, we first understand problems by actual damage; then

develop engineering to patch them.
4 1995 Kobe \

1964 Niigata

Liquefaction RC Shear Seismic
Failure \_ Retrofit /
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Investment Inspired by 1995 Kobe
Deployment of Network of Strong Motion
Recording

Shaking of 1995 Kobe

Distribution of Shindo 7
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Distribution of Seismographs at 1995 Kobe

1Y
T e
y 3
) .
N W
gl 205M
: ! ) FalaN
. L. " -
~s ol .
i 2 )
Y A 5
- LN b
| R .
i FO i, O\, fe~
% " N T “
* il 3:7 s >1'§\’UP‘ "”,’ IMH = |
i . 29 -ﬂ 791 !(I‘]‘ ay w
08 ~25 - ﬁ_n i-l.. u_me ﬂﬂ“ S m /
e~ TR ~-.____‘ NG 'm *w T e H
"\..\ 451 ;. trhni ‘t . ' ‘m [ & e N,
-H:“—nh. /“6 (f 1’; 'la;‘
F 14 i
3o s ] s ‘,
/ i ,I[ PN
i 2 \ /
/ g N )
¢ S mR * @ MERRLNE
L Wk A
A2 i 1 AR
_ o b & MEEH
/ ﬁ/ < S TN Y AR R SRR TR
il ER e
(.J 2 &{u. g ( —_— ke
Records obtained at JMA Kobe :v»=

Epicenter : HYDGOKEN-NANBU
Dav 1995 01.17
10 %al] Name: JMAKDBENS ot

: 8000
x: B18 (Gal)

~1000 & ' ' f ' ' ! ' !
éﬁal] Name: JMAKDBEEW 1 8000
1000 Max: 617 (Gal)
0 S N
~1000 ! ! ' \ ' ) ' ! ' '
é%al] Hame: JMAKOBEUD M o1 BOOO
5 Max: 332 (Gal)
0 *f‘-‘. Laaens
=500 5 FL N - R | - T I [ T [ N NV R N R - N 1}

(sec)

2017/9/9



2017/9/9

Deployment of K-net System (1,000 stations)
After 1995 Kobe Earthquake
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Deployment of S-net System (150 stations)

O NED
* F-net
* Hi-net/KiK-net
* K-NET
+ \-pet

< © Snet
e ami bay (PG)

Investment Inspired by 1995 Kobe
E-Defense
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What is E-Defense?

It is a jumbo shaking table
of 20 m by 15 m in plan, activated in 3D

Owned by National Research Institute for Earth Science
nd Di r Prevention an nin?2

Shaking Table and Actuator System
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Collapse Reproduction
Applied to Wooden Houses
(November 21 to 24, 2005)

Activities of E-Defense

Since 2005, E-Defense has completed forty some full-

Four-story Base-
isolated Hospital

Six-story RC Frame

.“v

iIe Foundatio'

: Four-story
Six-story Wooden House Steel Frame
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Damage Disclosed in Niigata Chuetsu-Oki

Earthquake

Problems Surfaced out from Past Large Earthquakes

1995 Kobe (Hanshin-Awaiji)

2000 Tottori-Ken Seibu
2001 Geiyo

2003 Tokachi-Oki
2004 Niigata Chuetsu

Collapse, Seismic Retrofit

- Strong Motion (K-Net)

- Shaking Table
(E-Defense)

2007 Niigata Chuetsu-Oki

2008 Iwate-Miyagi

Business Continuity (BCP)

- Long-Period Ground Motion

]

A
2011 Tohoku

2016 Kumamoto

Huge Tsunami

- Resilience

- Seabed Motion (S-Net)
-> SIP

Repeated Shakings
- Judgment of Safety
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2007 Niigata-Chuetsu-Oki Earthquake

Occurrence at 10:13 of July 16, 2007
Epicenter of Niigata Chuetsu-Oki, with the depth of 17 km

Magnitude of 6.8

LT ]

Distribution of Shindo Intensity
(6+plus as Maximum)

Distribution of Maximum
Accelerations over 500 gal

Damage to Factory A

Serious damage into buildings and production facilities
due to 2004 Niigata-Chuetsu earthquake

| Two months needed for Re-Opening |

2017/9/9
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Damage to Factory B

Serious damage into buildings and production facilities
due to 2007 Niigata-Chuetsu-Oki earthquake

Opened after one week, with assistance of over
10,000 manpower from affiliated firms

Business Continuity Plan (BCP) and Long
Period Ground Motions

13
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Investigation into Counter Measures for Large
Long Period Ground Motion
AlJ’s Report (2007 to 2011), subsidized by Cabinet
Office of Japan
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Long Period Ground Motion Anticipated by
Rupture of Nankai Trough
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Responses of High-Rises Subjected to Nankai Trough
B Expected loss to high-rises

Zone Tokyol Nagoyal Osakal Osaka2
Buildin 50-S 30-S | 40-RC | 50-S 50-S 50-S
9 Office Hotel [Residence| Office Office Office
. . Need . . Need Need
Functionality Check Serious | Serious Good Check | Check
Member . . . . . .
Damage Medium | Medium | Slight Serious | Serious | Slight

Need detailed investigation before operation Need repair before operation

B Nonstructural components and building contents are also
expected to aggravate damage.

108 |

[ =\ F e

Duration Expected for Safety Check of High-Rises
# of High-Rises

Days of Safety Check= # of Investigators x Efficiency
2 i
0.5~0.25 building/man/day
% «— based on 2011 Tohoku

About 220 engineers. (Year: 2008)
< JSCA Registered Engineers = 2557 engineers, Efficiency of
about 0.1 (no high-rise experiences, other inspections, etc.)

3 ; Kanto:8~15 days — Days required for
s ‘rf Nagoya:7~15 days completion of inspection
% i' Osaka:8~15 days - 14~35 days
o Note: 7~20 days added for preparation

Bl One month to wait before decision of continuing occupancy
l One month forced to leave, serious effect on BCPs.

2017/9/9
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Reproduction of Floor Response of Top
Story of High-Rise Building

o .

@

@

(@DsSteel Frame(Rigid Body)
@Rubber-and-Mass system

Furniture Behavior in Top Floors
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Damage to Buildings and Cities/Towns in
2011 Tohoku

Problems Surfaced out from Past Large Earthquakes

1995 Kobe (Hanshin-Awaiji)

2000 Tottori-Ken Seibu
2001 Geiyo

2003 Tokachi-Oki
2004 Niigata Chuetsu
2007 Noto Hanto

2007 Niigata Chuetsu-Oki

2008 Iwate-Miyagi

Collapse, Seismic Retrofit

- Strong Motion (K-Net)

- Shaking Table
(E-Defense)

Business Continuity (BCP)

> Long_l-Period Ground Motion

(2011 Tohoku

Huge Tsunami

- Resilience

- Seabed Motion (S-Net)
-> SIP

\R046—umamete
A~ A\~ 4

Repeated Shakings
- Judgment of Safety

2017/9/9
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2011 Tohoku Earthquake (March 11, 2011)

“
i

Shear Failure of RC
Columns

Collapse of Fst Story =
in Two-Story RC

Failure of House by Landslide Nonstructural Damage

2017/9/9
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Behavior of High-Rise in Sendai

Constructed: 1998 (31 stories)
Type of Structure: SRC, with
passive mass dampers

Difficulty in standing;
Partitions overturning;
Books thrown horizontal
and fell to floor with a
parabolic orbit;

No human injured;
Inhabitants evacuated
orderly using stairs;

Cars in ground parking
areas moved;

Those who watched the
building thought that it
might break in the middle
of the building;
Seismograph in the building
showed Shindo 7.

Performance of hundreds of high-rises and base-isolated

buildings in the

-
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Shinjuku Right Afte
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Widespread disruption in the Tokyo metropolitan,
due to shortage of electric power.

Refugees in Tokyo on March 11, 2011s
(Over 21,000 people were forced to stay in stations)

‘Long line for waiting train
(due to rot

o

ating blackout)

py

Sleeping in St;tion

Food store with no food
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Historical Records of Large Earthquakes
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Huge Ocean-Ridge Quake - More to Expect in Near Future

¢ Nature is more formidable than what we want it to be.

 What is assumed (expected, supposed, conceived) in
design, for example, design earthquake force, is
determined by human (not by nature) in consideration
of cost performance.

* No matter how less frequent it may be, a catastrophic
disaster shall occur; in such a case, we cannot expect
“no damage” any longer in our life and society.

Resistance

2017/9/9
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e After 2011 Tohoku, the term “Resiliency” is sensed
more realistic. Here, I define “resilient” as ability to
recover to its normal condition as quickly as possible.

We need to develop technologies to promote prompt
recovery.

Performance

uture

| Now
I

] T
VeryShort Time for Time
Recovery

Lessons to Earthquake Engineering Community

(1) Response to earthquakes beyond what is considered in
structural design

(2) Continuing business and prompt recovery

Specific Engineering Research Needed

(A) Quantification of collapse margin of high-rise buildings

(B) Monitoring and prompt condition assessment of
buildings

22



(1) Quantification of Collapse Margin: To make a
consensus to the response to earthquakes that go

beyond one considered by codes, we shall quantify the

performance of each structure up to complete.

between safety
and cost b

A delicate balance | Collapse Margm
“1

(2) Technologies for
Enhanced Health
Monitoring: To make
our society more
resilient, we need
more advanced
sensing and
monitoring
technologies by
which we can detect
damage and/or
evaluate state of
safety immediately.

Earthquake
Response (( I ﬁ

Structural

5 damage
N S
GPS B wireless
e —+  sensor
i
Damage to||\.
lifelines ‘

Damage to piles . .
Liquefaction
sensor

2017/9/9
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Reducing Vulnerability for Urban Mega Earthquake

Disasters (2012 — 2016) (about 2 million USD per year)

Architectural
Institute of Japan

Oversight Committee
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). BEFRR(MKX). HEM(EKX). Ilﬂlﬂl*
(8KX). *#IE—(’FI*) BIEM(RIKX) &
FARBF(ISCA). PIER(ISCA). EILRFE(MEGHE)

Research Team

@-1:SHEMRRK
REMR: BN (NWTR. WERK)
Ll LB p 3 R N R'*#(REE—I BEEE). BN

@-2:RCERRM
REEMM: AHE (IRXE WER%)
B R R, RIS P(HEUNE, BEEE). BRI

@-1:E=8U 7 LB
FEMB:RARE (FEAE. WERR)
BN RS, A, EEEAY(RAN, BREE), NIBA%E, RHKERER

Headquarters

*DPRI, Kyoto U.

(M. Nakashima, PI)
<E-Defense, NIED

(K. Kajiwara, Vice-PI)
*Kobori Institute

(N. Koshika, Secretary)
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Consortium of Academia,
Government, and Industry

Big Five
Design/Construction Firms

Shaking Table Test for Collapse of Steel High-Rise

Building (Implemented in December 2013)

H Shaking Table

N

TANTAY

SAARAVARVANVA

Shaking
Table

P ©

Use of E-Defense

H Specimen

A height of 25 m adopted
in light of E-Defense
allowable limit (27 m)

H Protection Frame
Developed to protect
collapsing specimen as
well as to serve as a
frame to lift specimen

H Input Motion
Synthesized motion
considering simultaneous
ruptures of three troughs

2017/9/9
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Monitoring and Condition Assessment
(Planned on December 2013)

Level 1 System Level 2 System Level 1 Sensors
“O « 25 servo-yype
[l < L il s s s zccelerometers
S I Lolat  200Hz Sampling
= ::-": > Level 2 Sensors
£ ] : @ « 152 MEMS
h . - sensors
= el STPCe| Seiitie (912 components)
3 = . I « 500Hz Sampling
- ] . » -
| Shaking Table | | Shaklng Table | | A2 -
D N &
* Sensor e
= COntroller LALLRSEE LRIL2EEHTE

Synthesized Ground Motion

o (Gab

- BERRBEHMES

celeratlon Histor

-400

«Amplification of Original History

Average (110cm/s) baseline

Large (180cm/s) 1.64 times

Very Large I (220cm/s) 2 times

Very Large II (250cm/s) 2.27 times

Very Large III (300cm/s) 2.73 times

Very Large IV (340cm/s) 3.1 times (at the table capacity)
-Contracted to 1/v3 with respect to time domain

2017/9/9
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Failure Overview

ollapse of lower
stories, leaning to

protection frame

Damage to Buildings and Cities/Towns in
2016 Kumamoto

2017/9/9
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Problems Surfaced out from Past Large Earthquakes

1995 Kobe (Hanshin-Awaji)

2000 Tottori-Ken Seibu
2001 Geiyo

2003 Tokachi-Oki
2004 Niigata Chuetsu
2007 Noto Hanto

2007 Niigata Chuetsu-Oki

2008 Iwate-Miyagi

2011 Tohoku

Collapse, Seismic Retrofit

- Strong Motion (K-Net)

- Shaking Table
(E-Defense)

Business Continuity (BCP)

- Long-Period Ground Motion

Huge Tsunami
- Resilience

> Seabed Motion (S-Net)
S gIp

r201 6 Kumamoto

Repeated Shakings
- Judgment of Safety

Damage to Houses in Mashiki Town

—

2017/9/9
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Repeated Strong Motions in Kumamoto
Characterized:
* Twice of shaking in Shindo 7
* Second shaking greater than first one
* JMA changes: “Main Shock > After Shock” to “Pre Shock”
- “Main Shock” BABE (A

at
. i
| |
_' N4
188 1088 S08.-8 3
Q Q 8
00 Q0 C Q0 QO a7
@0 OUEEDO0 O 271
- — 00 330
830
2016/4/1 20I(I36'] 20!(;8] 2016/ 10

* Ten shakings (greater than Shindo 5) within four months
* A large number of after shocks (greater than previous max at 2004
Chuetsu

Shaking Table Test Applied to Mid-Rise RC Wall-

Frame Under Repeated loadings

Object:Mid-rise Apartment
Designed following Current Code

Typical Plan used in Urban Areas
1st Story for Shops and 2nd Story
Above for Housing

Fewer Walls in 1st Story

_L ecimen: _. ..,' <ME (R kB0
Scale: 30% (1/3.33)
Weight: about 320ton e AT e e
Number of Stories: 6
Height:about 6.5m
Plan: 3 x 2
Materials:

BES (EWED)

Concrete: Fc30 e Zigw (205 -0y
Rebars: SD295, SD345 1F 2~6F

2017/9/9
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Test Results and Pre-Analysis

1 RSB & AR B (kN)

1REFRAL AMR 7 (k)

— FERTARAT
| —ER(ERR)

1REBRZER (mm)
Test versus Pre-Analysis

Story Drift Angle Relationships

N33 LA R E T

1PERMAZER (mm)

Test

Comparison in Failure mode and First-Story Shear vs First-

Summary of Past Major Quakes,

Collapse, Seismic
Retrofit

- Strong Motion (K-
Net)

- Shaking Table
(E-Defense)

Business Continuity (
BCP)

- Long-Period
Ground Motion

Huge Tsunami

- Resilience

> Seabed Motion (S-
Net)

- SIP

Repeated Shakings
- Judgment of Safety

Lessons, and Efforts

Advanced estimation of
strong motion

Prevention of Collapse

| Seismic Retrofit

Attention and Action to
BCP

Advanced estimation of
Tsunami

Quantification of collapse
margin

Motivation to monitoring

Recovery/resilience of
cities and communities

2017/9/9
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Where is Japan moving ahead for more
positive disaster mitigation?

Three Disciplines Essential for Earthquake
Disaster Prevention/Mitigation

Natural Science Engineering

Offering
solutions to
prevent disaster
damage and
secure life and
business

Minimizing damage and
ensuring prompt
recovery in damaging
events

Social Sciences + various Disciplines

2017/9/9
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Collaboration Indispensable to Pursue
Resilience - Interdependency of many,
many factors of our Society

Hurricane

= =

My house is fine, but

the rest destroyed ---

How I can live from
this time on???

Toward Resilience
Natural Science ‘

Offering
solutions to
prevent disaster
damage and
secure life and
business

([ Attempt essential in which Efforts by Others (not ]

only by us) are to be appreciated more.

V

\.

Social Sciences

2017/9/9
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SIP: Strategic Innovation Program 2014 — 2018
Organized by Cabinet Office of Japan
(Annual Budget: 300 million plus US dollars)

faed

) 3
Innovative Combustion g o s
Technology Masanori Sugiyama Automated _Hlm) uki Watanabe
The s for the Rising Sum Engine T Wt Mo Cigin Exghoning 1o Driving System ‘Yoyota Mstr Corpurat
Initsative &3 Save the Ward o Motor G
\ Tatsuo Oomori . Yozo Fujino
s Fesow, Corporste Resessc e Infrastructure Maintenance, e
e ey ; Renovation, and Management " .
a
Teruo Kishi Enhancement of Societal Masayoshi Nakashima
Iyl T Resiliency against | Mo
R et e e Natural Disasters Forsqrbibies
y Technologies for Creating ¢ Takeshi Nishio
Shieeru Muraki Next-Generation Agriculture, 5
b K Forestry and Fisheries Dapomt o Ol st
Bocoming a New Ensryy Sockety ] Crastiag Ageo-tanovation i sty
E.]

Next-Generation I.'_'_'. Innovative i

Technology for Ocean Tetsuro Urabe Design/Manufacturing N Naoya Sasaki
Resources Exploration Ui it 3¢

Zigangu in the Ocean Program e werutty of Tk Maw Praduction 2020 Propeet s

B

SIP: Enhancement of Societal Resiliency against

Natural Disasters

- -
" 1) Prediction : 2) Prevention : =
ore accurate understanding Optimized

and estimate of natural
hazards using most
advanced “prediction”
technologies

strengthening of urban
buildings and
infrastructural systems

' Sharing of Disaster-Related <

Information
’ (Development of Resilit)ence Information i i
P == ¥ é -
g“‘ 3) Response : ——y

Sharing of disaster related information,
development of “Resilience Information
Network” by use of most advanced Information
and Communication Technology and use of
network for most effective disaster response

Docm activities
J Jil

2017/9/9
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SIP: Resilience — Collaboration among Ministries

— Response
Prediction - ~
, - ® Real-time Disaster
(@ Tsunami | 4 ~\ | and Damage
Prediction and
Sharing Usin
(@ Heavy Rain ] ICrand ——MEXL MILT__
| & tornados Collective Use C? Sl;e_curcta Distribution
of Disaster
MI(I:\:IIT'IIE'XT’ \_ /| Information in
MEXT, MILT,  \Emergency J
Prevention MHLW, MAFF MIC, FDMA
p _ (@ Implementation )
@ Anti- and Enhancement of
Liquefaction Disaster Response
Measures Measures by Local

MILT, MIC, \.and Private Sectors

FDMA Universities

SIP: Resilience — Collaboration among Ministries

e E ]

(MIC: Ministry of Internal Affairs and Communications)
XaBFEIER

(MEXT: Ministry of Education, Culture, Sports,
Science/Technology)

EEHWME

(MHLW: Ministry of Health, Labour and Welfare)
RAKESR

(MAFF: Ministry of Agriculture, Forestry and Fisheries)
E+3ZAE

(MLIT: Ministry of Land, Infrastructure, Transport and
Tourism)

HBAFF

(FDAM: Fire Defense Agency)

2017/9/9
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4 Current Status )

Capturing Spatial Distribution
(Every five minutes,
quantitative, and every 30
seconds, qualitative)

Prediction/Forecast of Heavy Rain using MP-PAR

Prospective in 3 Years h

Capturing Spatial

Distribution of Rainfall
Distribution (Every 30
seconds, quantitative)

Advancement of Prediction
(Qualitative to Quantitative)

} ‘ Disaster
Responses

1

measurement

( [Short-time Quantitative} R

* Flood Control

T

SRR ¥

Management
 Data Sharing

. * Railway
Water Vapor — Cumulonimbuses
REEE——————— Al

Response

L

il

[ Use of various radars }

 Local Government

“ZFFF || - Cloud Rader

| |
L@ |7 Doppler Rader \

s y A\
p"?i:\/’) « MP Rader + i
\I —

MP Rader * Passive Rader MP-PAR )

Where is Masayoshi N

akashima going?
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Big Five Contractors in Japan

Obayashi Kajima Shimiz Taisei Takenaka
(1.61*) (1.52) (1.50) (1.53) (1.02)

A

e ny O
. 1 EE sHMmZ 4|:I|>
OBAYASHI TAISEI

* Annual Sale in trillion yen (2015)

Design versus Construction

Environment
Amenity

Construction

Department of Architecture & Building Engineering

2017/9/9
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Kajima’s History on High-End Research

Muto Research Institute (from 1963 to 1989)
Kobori Research Complex (KRC) (from 1986 to date)

ol
Kiyosh'i Muto Takuji Kobori Masayoshi Nkashima

B
First High-Rise in Japan First Active Control Service through
Kasumigaseki Building  Kyobashi Seiwa Building Networking

Structural

analysisand
~ design ‘
S

Risk L * 4
1S Judgement
assessment of safety/
of cities functionality g
- - "
— . S i == —
Structural
. iquefaction control
o and lateral
O spreading Soil-
structure Wave
interaction ropagation

Generation
ave propagatio of strong
of mega earthqua motion
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Adaptation

Supporting {0 inds and meth-
ods of adaptal Spensable for
business promotion
in a global scale

- %%gr]t?"élggke TR guake disastersiand responses tg - coping with disasters
i Developing technol toi iatel

Developing technology that can quantify a disastrous events . evg BRI o'lmmedla s

s identify the damage location and extent
complete path from earthquake generation, — N q

B . )7 = and implement actions and measures

propagation through the earth, penetration HH S0 HEHH for prompt recover
into surface soils and foundation, and even- - Controlling promp y-

- o iy : : Original Structural Health Monit
tual vibration of building and civil structures. structural vibrations % SnggZ: q.';:"/'/’;”g‘; LT
@ Fault Mechanism and Modelling/Prediction ’ - )
and Visualization of Seismi Z - Leading structural control technology to # Seismic Damage Detection System
) — using IoT and Big Data Analysis
@ Liquefaction and Strong Motion in Soil reduce earthquake-induced vibrations " m:m p— 4
LEcre ey and protect life, business, and amenity of (Business Continuity Plan)
@ Vibration of Structures Considering . "
Infiuence of Soils and Basements inhabitants.

& High Performance Seismic Structural Control
System: HIDAX

& High Capacity Damper Nu-DAM for Stacks
and Exhaust Pipes in Power Stations

Closure

To ensure the sustainability of our globe, we must further
engineering technologies by effectively collecting and
refining relevant human resources from various sectors
and regions.

Success in global work depends on whether or not we work
with a strong focus on adaptation, meaning an appreciation
of one’s counterpart’s technology and culture in the setting
of specific plans and procedures.

/With KRC'’s experiences on the
development of relevant
technologies as the backbone and
further by strengthening our human
network and promoting spirit of
adaptation, we would like to
contribute the sustainable

\development of our globe.
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