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Floor response of Kobe

Floor response in the Subduction Zone Earthquake

Upper part tested partially

9



Long duration （2007, 2008，Upper part）

video



Office Not just down time 
but casualties
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MEXT national project

2007-2011

Existing buildings in 60’s，70’s，80’s
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研究運営委員会
【目的】

研究の進展及び成果の展開などプロジェクト全体を睥睨
し、適切な助言を与えるとともに、研究コミュニティ間の
連携を推進する。

【メンバー】
委員長：和田章 (東京工大)
委 員：飯場正紀(建研)，壁谷澤寿海(東大)，

寺本隆幸(東京理科大)，長澤泰(工学院大)，
濱田政則(早大)，藤田聡(東京電機大)，
堀宗朗(東大)

【開催歴】
平成１９年９月５日、平成２０年２月１８日
平成２０年９月２９日、平成２１年２月１９日

・結果の評価、展開も 視点からの実験計画
の検討など

Supervising Committee



Complete mechanism of beam hinging

14

超高層設計の基本理念
弾性範囲を超える弾塑性応答

特定層への変形集中回避



Seismic loading （2009，Beam hinging）

video



Connections details not allowed now

Weak web bolt, Access hole, Low quality 

1970年代の設計資料
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Real connections

Ke1

質量

Me1

Me1

Me1

Me2

Ke2

Ke3

剛性

ダンパー 積層ゴム

コンクリート錘

1100 ton Total weight limit

1F

2F

3F

4F
5F
6F
7F
RF
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RC floor slab, anti-symmetric M-distribution

Decks Studs

Concrete

Studs 19φL=80@150D13@200
D10@100
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2007Welding 
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Real time scaleInput ground motion
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Long Period Ground Motion

(中部地方整備局資料)

中部地方整備局

愛知県

名古屋市

名古屋第２地方合同庁舎 2007

免震工法による耐震改修

愛知県庁 本庁舎 2009

名古屋市役所 本庁舎 2010

東海・東南海地震

名古屋三の丸波 2002
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Strain concentration

梁

柱

エネルギー >>
ゆがみの蓄積 >>

熱

梁の根元のごく一部分が温度上昇
>> 地震エネルギーを吸収

4 cmフランジ

ウェブ
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設計用地震動の5－10倍の威力
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計測方法

Bottom flange

Poor connection details showed low deformation capacity

名古屋・三の丸波
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National reactions
2009. 1 Mainichi 2009. 1 Asahi
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人災を防ぐ補強の根拠と目途

いずれの方向も，
現場溶接接合部

下層を建設，上層部は再利用

2009
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RC 床スラブの存在の
利用と歪集中緩和

下フランジと同等の応力を負担

27



曲げモーメント

曲げモーメント曲げモーメント曲げモーメント

ひずみ ひずみ ひずみ

局所すべり 局所すべり

曲げモーメント

28Amplified strain 

Web slipping

現場溶接に不可欠な
ウェブのボルト接合
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曲げモーメント
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下フランジ拡幅補強
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弱点補強の耐震化効率
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破断

破断なし

2008 2009

補強の効果，10倍以上

鉄骨造骨組としては
限界に近い能力

的を射た補強
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Response Assessment 
Enhancement, Utilizing 
Shaking Table Test Data

日本建築学会 研究委員会
大地震時耐震性能評価小委員会（修復コスト・確率論的評価）
地震動WG，S造WG，RC造WG，木造WG，二次部材WG

34
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地震応答のばらつき，各部材損傷の不確定性，
修復方法・コスト関数の不確定性を対数正規分布で評価

地震動は相模トラフ地震を想定したシナリオ地震動群
⇒相模トラフ地震が起きることを前提

⇒各建物の修復コスト比較による免震，制振等の高耐震化推進







破断後補修実験（台湾國立成功大学）



破断後補修FEM解析



8 country meeting arranged by the Triangle

The 2020 November 
The 2021 May

The 2022 MayThe 2021 August

The 2022 NovemberThe 2022 August

The 2022 December



条件の良い鋼構造骨組のシミュレーション⇒高い確度



Recent high-rise steel building test



Continued Testing in Aug. 2024（M2 重田永生, 成功大学留学）43

Test Objective
・Pendulum base-isolation testing to verify the impacts towards NSCs 
・Check the effect of vertical motion on non-structural components
・Check Pendulum base-isolator behavior for loss assessment

Test1: with Pendulum base-isolator 
Test2: without Pendulum base-isolator 

2021 NCREE
Pendulum base-isolator

(NIPPON STEEL) 

Equipment on 9th Floor at 
E-defense test

(DAIKIN)
From senior 
Takaya



 アンビエントライトによる建築演出の技術が先行
して開発されており製品化

 層間変形計測技術と表示技術への展開



試験日程
試験日:2019年6月21日(金)

不二サッシカーテンウォール試験センター
大型試験装置:F型層間変位試験装置

協働研究条件:
不二サッシ・文化シャッター・名古屋大学

実験目的
ユニット式カーテンウォールの層間変形角
(面内変形・面外変形)に対する追従性を確認
↔ 昨年度は、ノックダウン方式の試験体に面内変形のみ入力
角速度計(ジャイロセンサー)のデータの蓄積

加振方法
試験は、正負交番で3層同時に層間変形角を作用させる。
(2階床を不動として、1,3,4階床を変位させる)
動的変位は周期5秒で行い、以下のスケジュールで実施した。

面内変形
層間変形角(1/100 rad)

面外変形
層間変形角(1/100 

rad)

12
.6

 m

各ユニット高さ:4,200mm

試験体立面図 試験体断面図

4,
20

0
4,

20
0

4,
20

0

1,600 面外変形

層間変位 [mm] 層間変形角 [rad]

1 静的 42.0 1/100
2 14.0 1/300
3 21.0 1/200
4 42.0 1/100
5 静的 52.5 1/80
6 動的 52.5 1/80
1 静的 42.0 1/100
2 14.0 1/300
3 21.0 1/200
4 42.0 1/100

内容

動的

動的

面内変形

面外変形

Installed 
Gyro

高層用ユニットカーテンウォール検証時

45

面内変形



科研費・挑戦的研究（開拓）
応急危険度判定の問題に対する各段の改善へ

Wood dwelling:
House building

Low-rise steel frame:
Social welfare facilities 

0.01 rad  Yellow
0.02 rad  Orange
0.03 rad  Red
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video



2023.2 大規模な動的検証によるエビデンス

Damage assessment, displayed by LED

video



2023.9.15 AIJ conference

48



2023.9.15 AIJ conference
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2023.9.15 AIJ conference
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Topics

1. High-rise building by substructure testing

4. Detailed simulation with the industrial

3. Soil structure interaction highly inelastic

2. Sensing technology with the industrial



2018 E-Defense 実験 ⇒ 耐震等級3

✔ 損傷・機能に関するモニタリング技術を検証
✔ 地盤上の3階建て住宅を実験（耐震等級3）
✔ 地中配管設備，RC基礎を忠実に再現
✔ 住宅用システム機能を可能な限り充実
✔ 家具什器等を過不足なく設置

52



Requirement of connection reinforcement (2000), 
as a result, enhanced strength capacity double 

Preliminary exterior frame test
(Curtain wall company FUJI SASH) 

Extracted exterior frame; lower two stories

Damage procedure in case of post-beam frame 
having newest specifications

53



Real deep soil layer
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First phase conducted in advance

Soil layer



2019. 2. 12  (Phase 3) JMA Kobe100%

Shorter direction

Firmly fixed foundation 

Longer direction

56
video



2019. 2. 1 (Phase 1) JMA Kobe 100%

Video click

57

Base-isolation
Soil-foundation

Soil layer video
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上部構造 

基礎構造 58
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Upper Structure

Sliding and Collapse; Statistical Approach

Soil-Foundation



Friction tests in DPRI from 2007

Steel Cast iron Mortar

 

  

水平ボルト 

鉛直ボルト 

 
箱型支持要素 

 

モルタル 接触要素 

 

-18-

Kaken・Young (B)
Kaken・Young (A)
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Sliding Vel (m/s)

Friction Coefficient

Cast iron is sliding on mortar

60

Graphite layer

Cast iron plate

Steel plate



NIED 防災科学技術研究所・耐震工学研究 2015
61

JMA-Kobe 50%，Several centi-meter
JMA-Kobe 100%，A few hundreds centi-

video



Current design code and JMA-Kobe 100%
⇒Stable global response

video



Beam-Column joint failure mode
 Irreparable 

video



Topics

1. High-rise building by substructure testing

4. Detailed simulation with the industrial

3. Soil structure interaction highly inelastic

2. Sensing technology with the industrial



West Coast of US

Higher than 100m After the Northridge, 64 %
(Before the Northridge, 5%)

100

150

200

250

300

350

1950 1960 1970 1980 1990 2000 2010 2020

SD, LA, SF, Seattle 215- concrete 23%
After the 1994 Northrige, concrete 64%

(m, height)

(year)

San Diego, Los Angels, San Francisco, Seattle

ConcreteSteel

1994 Northridge Earthquake

100 m

200 m

300 m

1970 20101990



Test preparation

2010, March

2009, October

2010, September

2010, December

2009. September
Topic:
• Current standard
• New structural system

Design input

Instrumentation 
input

NEES/E-Defense cooperation
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Setup of Twin Specimens

PT bar

South

North

East W
es

t

C

15 m

20 m

Twin building specimens were set up on the table.



RC moment frame/ Beam-column joint

JMA-Kobe-100%

Ratio of shear 
deformation to story drift



RC wall frame/ The first story wall base

B-side

A-side B-side
End zone in 

tension
C C

jj

Significant  
elongation

Severe local buckling
by the next compressive 

load 



First mode response vs SDOF analysis
Wall
frame

Moment Frame

(e) Comparison of PT specimen (γ= -0.9) during JMA-Kobe-100% 
test

1st mode response at center of floor

SDOF system based on Takeda 
model

Wall
frame

Moment
frame

(b) Dynamic response 
analysis

(a) Test result

SDOF

(d) Comparison of RC specimen (γ= -0.4) during JMA-
Kobe-100% test

SDOF
Test

SDOF
Test

SDOF
Test

SDOF
Test

The fitted skeleton 
curve
The fitted unloading 
slope

Skeleton curve

Unloading slope

If the hysteretic behaviors 
were appropriately assessed,  

the calculations well trace 
the test responses

JMA-Kobe
100%

1.3 1.5

1.31.0

In practice,
the calculation of strength capacity 
has different margin for each 
structural system.



ATC numerical simulation manual



Modeling verification, given OpenSees



The 2015 and 2018 ten-story structures





















Journal papers
Numerical simulation of the 2010 4-story reinforced concrete 
structure tested on the E-defense shake table
Ghosh, S; Dashti, F; Nagae, T; Uta, H
ENGINEERING STRUCTURES 306 巻 2024年5月

Damage inference and residual capacity assessment for an E-Defense 2018 
ten-story RC test structure
Zhuang, YC; Ji, XD; Sun, L; Kajiwara, K; Kang, JD; Nagae, T
ENGINEERING STRUCTURES 302 巻 2024年3月

Shaking-table test results of a full-scale free-standing building with base 
sliding and rocking
Kang, JD; Kajiwara, K; Tosauchi, Y; Sato, E; Inoue, T; Kabeyasawa, T; Shiohara, 
H; Nagae, T; Kabeyasawa, T; Fukuyama, H; Mukai, T
EARTHQUAKE ENGINEERING & STRUCTURAL DYNAMICS 52 巻 ( 10 ) 頁：
3008 - 3029 2023年8月

Full-scale shaking table experiments on the seismic response of a 10-story 
reinforced-concrete building: overview and analysis
Kang, JD; Kajiwara, K; Nagae, T; Sato, E; Tosauchi, Y
BULLETIN OF EARTHQUAKE ENGINEERING 2023年7月

https://www.webofscience.com/api/gateway?GWVersion=2&SrcApp=iroffice_5964&SrcAuth=WosAPI&KeyUT=WOS:001217676100001&DestLinkType=FullRecord&DestApp=WOS_CPL
https://www.webofscience.com/api/gateway?GWVersion=2&SrcApp=iroffice_5964&SrcAuth=WosAPI&KeyUT=WOS:001165766300001&DestLinkType=FullRecord&DestApp=WOS_CPL
https://www.webofscience.com/api/gateway?GWVersion=2&SrcApp=iroffice_5964&SrcAuth=WosAPI&KeyUT=WOS:000981144400001&DestLinkType=FullRecord&DestApp=WOS
https://www.webofscience.com/api/gateway?GWVersion=2&SrcApp=iroffice_5964&SrcAuth=WosAPI&KeyUT=WOS:001029379200001&DestLinkType=FullRecord&DestApp=WOS


Shaking table tests of a full-scale 10-story reinforced-concrete building (2015). 
Phase II: Seismic resisting system
Kang Jae-Do, Kajiwara Koichi, Tosauchi Yusuke, Sato Eiji, Inoue Takahito, 
Kabeyasawa Toshimi, Shiohara Hitoshi, Nagae Takuya, Kabeyasawa Toshikazu, 
Fukuyama Hiroshi, Mukai Tomohisa
EARTHQUAKE ENGINEERING & STRUCTURAL DYNAMICS 52 巻 ( 6 ) 頁： 1932 -
1955 2023年5月

Evaluation of base sliding response and effective slab width in ten-storey tests
Kabeyasawa Toshikazu, Kabeyasawa Toshimi, Xiongjie Cheng, Kang Jae-do, Nagae 
Takuya, Kajiwara Koichi
BULLETIN OF EARTHQUAKE ENGINEERING 2023年2月

Nonlinear modeling of the ten-story RC building structure of 2015 E-Defense 
shaking table tests
Sun Lei, Ji Xiaodong, Zhuang Yuncheng, Kajiwara Koichi, Kang Jae-Do, Nagae 
Takuya
BULLETIN OF EARTHQUAKE ENGINEERING 2023年1月

Shaking-table tests of a full-scale ten-story reinforced-concrete building 
(FY2015). Phase I: Free-standing system with base sliding and uplifting
Koichi Kajiwara, Yusuke Tosauchi, Jae-Do Kang, Kunio Fukuyama, Eiji Sato, Takahito
Inoue, Toshimi Kabeyasawa, Hitoshi Shiohara, Takuya Nagae, Toshikazu 
Kabeyasawa, Hiroshi Fukuyama, Tomohisa Mukai
Engineering Structures 233 巻 2021年4月



Seismic responses of a free-standing two-story steel moment frame equipped 
with a cast iron-mortar sliding base
Chung Yu-Lin, Kuo Kuan-Ting, Nagae Takuya, Kajiwara Koichi
EARTHQUAKES AND STRUCTURES 17 巻 ( 3 ) 頁： 245-256 2019年9月

Shake table test of a full-scale four-story reinforced concrete structure and 
numerical representation of overall response with modified IMK model
Yenidogan Cem, Yokoyama Ryo, Nagae Takuya, Tahara Kenichi, Tosauchi Yusuke, 
Kajiwara Koichi, Ghannoum Wassim
BULLETIN OF EARTHQUAKE ENGINEERING 16 巻 ( 5 ) 頁： 2087-2118 2018年5
月

Seismic Damage Reduction of a Structural System based on Nontraditional 
Sliding Interfaces with Graphite Lubrication
Enokida Ryuta, Nagae Takuya
JOURNAL OF EARTHQUAKE ENGINEERING 22 巻 ( 4 ) 頁： 666-686 2018年

COMPUTATIONAL MODELLING OF A FOUR STOREY POST-TENSIONED 
CONCRETE BUILDING SUBJECTED TO SHAKE TABLE TESTING
Watkins Jonathan, Sritharan Sri, Nagae Takuya, Henry Richard S.
BULLETIN OF THE NEW ZEALAND SOCIETY FOR EARTHQUAKE 
ENGINEERING 50 巻 ( 4 ) 頁： 595-607 2017年12月



Shake-Table Test of a Full-Scale 4-Story Precast Concrete Building. I: Overview 
and Experimental Results
Gavridou Sofia, Wallace John W., Nagae Takuya, Matsumori Taizo, Tahara Kenich, 
Fukuyama Kunio
JOURNAL OF STRUCTURAL ENGINEERING 143 巻 ( 6 ) 2017年6月

Shake-Table Test of a Full-Scale 4-Story Precast Concrete Building. II: 
Analytical Studies
Gavridou Sofia, Wallace John W., Nagae Takuya, Matsumori Taizo, Tahara Kenich, 
Fukuyama Kunio
JOURNAL OF STRUCTURAL ENGINEERING 143 巻 ( 6 ) 2017年6月

DESIGN IMPLICATIONS OF A LARGE-SCALE SHAKING TABLE TEST ON A 
FOUR-STORY REINFORCED CONCRETE BUILDING
T. Nagae, W. M. Ghannoum, J. Kwon, K. Tahara, K. Fukuyama, T. Matsumori, H. 
Shiohara, T. Kabeyasawa, S. Kono, M. Nishiyama, R. Sause, J. W. Wallace, and J. P. 
Moehle
American Concrete Institute, Structural Journal 112 巻 ( 2 ) 頁： 135-146 2015年3月



Core wall and MRF dual system of high-rise building
Widely adopted in the current practice
TEST VERIFICATION was highly required

Meeting in 2019



New collaboration based on NFEES, Tianjin University

March 13-14, 
2024



Option2: 50% scale high-rise test structure

Three six-story partial frames were assembled in series
Collapse capacity would be the target

The construction cost will be lower than the Option 1.
This 2013 steel test is the reference.
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Replaced by RC structure

The cost of the 2013 test structure 
was reasonable

E-Defense table

Outside 
frame

Setup

Final stage of the 
2013 test
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