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Perfectly Demolished after 

1995 Earthquake
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All trucks were 

bringing huge 

gavages 

produced from 

collapsed 

buildings and 

demolished 

buildings.
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East Japan Earthquake at 2011
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ｂ）集合住宅の被害分析 

ｂ１）建物の概要 

 検討対象の建物は仙台市に所在する 1978 年建築，11 階建て，鉄骨鉄筋コンクリート（SRC）

構造の集合住宅である。建物の所在地を図－2.1.2.2.13に，全景写真を写真－2.1.2.2.34に示す。

また，図－2.1.2.2.14は建物の 1階平面図を示す。建物は桁行（南北方向）約 71m，梁間（東西

方向）約 27mの対称な平面形状で，東棟と西棟が建物中央と端部で廊下を介して連結されている。

構造形式は桁行方向がラーメン構造，梁間方向が耐震壁付きラーメン構造である。ただし，桁行

方向では構造躯体と切り離されていない非構造壁が用いられていた。構造設計図による使用材料

は，コンクリートが設計基準強度 21/mm
2，鉄筋が SD295Aである。 

 

図－2.1.2.2.13 所在地 写真－2.1.2.2.34 建物の北西面全景 

 

 

図－2.1.2.2.14 1階平面図 

 

 

 

観測点 

建物位置 

約 2.7km 
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写真－2.1.2.2.35 非構造壁の損傷 

 

表－2.1.2.2.5 被災度区分判定結果 

階数 耐震性能残存率 R（被災度） 

11F 86.9%（小破） 

10F 95.4%（軽微） 

9F 94.6%（小破） 

8F 93.1%（小破） 

7F 74.9%（中破） 

6F 70.6%（中破） 

5F 57.1%（大破） 

4F 56.3%（大破） 

3F 50.0%（大破） 

2F 47.1%（大破） 

1F 58.8%（大破） 

 

ｂ３）平面フレーム解析による性能評価と地震応答評価 

 建物のY3，Y4 フレームの構造詳細や支配床面積が近似するため，Y4 フレームのみを対象とす

る平面フレーム解析を行った。建物のモデル化方法は下記の通りである。 

 

[建物のモデル化] 

・柱，梁は非線形の曲げ特性，線形の軸方向特性（ただし，梁では考慮しない），せん断特性を有

する線材に置換する。 

・柱，梁の曲げ特性は Takedaモデルにより表現する。 

・柱，梁の曲げ降伏変形角は 0.0066（=1/150）rad.とする。 

・非構造壁は考慮しない。 

・床は剛床を仮定する。 

・支持条件は柱脚固定支持とする。 

 

12 story Steel Concrete Apartment 

Building of Sendai-City

Courtesy of Prof. Yasushi Sanada, Osaka UniversityAkira Wada
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ｂ２）被害の概要と被災度区分判定 

 建物の被害は桁行方向が相対的に大きかったため，建物の対称性も考慮し，西棟の桁行方向（Y3，

Y4 ラーメン）のみ被災度区分判定のための現地調査を行った。損傷の調査対象は主要構造部材で

ある柱，梁に加え，非構造壁とした。図－2.1.2.2.15に Y3 ラーメンの東側，Y4ラーメンの西側

のひび割れ図を示す。主要構造部材では柱の損傷は 1階脚部を除き軽微であり，梁端部の損傷が

支配的であった。よって，建物は梁降伏先行の全体降伏機構を形成したと考えられる。ただし，

柱，梁の損傷は最大でも損傷度Ⅲ（ひび割れ幅 1.5mm程度）と比較的小さかった。一方，非構造

壁には写真－2.1.2.2.35に示すような大きな損傷が見られた。表－2.1.2.2.5に被災度区分判定

を行った結果をまとめる。ただし，Y4ラーメンの非構造壁は長さが約 500mmと比較的短いこと

から無視し，Y3 ラーメンの外壁のみを考慮した。また，前述のように主要構造部材の損傷は主に

梁に生じていたため，梁の損傷を柱の損傷に読み替えて評価した。同表より，最も被災度が大き

かったのは 2階であり，R=47.1%（大破）と判定された。 

 

Y3ラーメン（西側） 

Y4ラーメン（東側） 

図－2.1.2.2.15 Y3，Y4ラーメンのひび割れ図 
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Christchurch before 2011 

Earthquake
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Earthquake



Our responsibility and 

mission were not satisfied
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Professors recommend 

Ductile Frames

to students.
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Ductility is Damage  1/2

• The Ds values are 0.25 to 0.55 in 

Japanese seismic design procedure, and 

the R factors are 2 to 8 in the USA.

• Almost all structural engineers rely on the 

plastic deformability of beams, columns 

and walls of building structures during 

seismic design of structures. 
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Ductility is Damage  2/2

• The ductility as plastic deformation of 

frames is the damage of structures. 

• This is easy to understand for young boys 

and girls to old ladies and gentlemen. 

• Normal people don’t want to live in the 

damaged buildings. Then, these damaged 

buildings become to be demolished after 

the big earthquake.
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Current Seismic Design

H.  Only Human life to be safe

B.  Building cannot use after repair

C. No Continuous Use after earthquake

We can not make our city sustainable 

and resilience against big earthquake.

We need to change our seismic design 

concept.
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New Seismic Design

H.  Human life have to be safe

B.  Building can use after some repaired

C.  Continuous Use just after earthquake

Against Small and Medium Earthquake ----

We can satisfy H, B and C easily.

Against Big Earthquake -----

We have to satisfy H and B, some case C.
Akira Wada



• Seismic Isolated Structures

• Passive Controlled Structures

• Stepping Columns Structures

• Elastic Joints of Pre-casted RC

• Other Good Structures

New Seismic Structures

Akira Wada



Seismic isolated

twin steel tall

building

in TITech
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Apartment 

buildings

taller than 

30 story 

buildings



Building Structures Primary Structure Seismic Members

(To Support Vertical Load) (To absorb earthquake energy)

＝ ＋

Damage Controlled Structures
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鎖骨
Some kind of Sacrifice for Human Body

We have to learn good ideas from Nature
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A Bumper protecting people and Bus
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A Fuse protecting important PC
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1987 to 1988

Buckling

Restrained

Braces
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Framing Plan & Elevation
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Detail of Unbonded Braces
4

.0
m

6.4m
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Many Unbonded Braces are 

Installed
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Shaking table tests for RC frame

5.5m 5.5m 5.5m 5.5m

2.75m Column: 45cm×60cm

( B× D )

Beam :   38cm×85cm

( B× D )

Test

Specimen
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Additional mass and flexibility  

}

220 ton Mass

Spring simulating

flexibility of 

upper story

RC Frame

Specimen

Shaking Table
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Introduction of column axial forces

5,500 mm

Column
600 mm

80 ton axial force

by post-tensioning

Beam

Soft spring washers

850 mm

2,750 mm
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Elevation view during test

Natural period of the system :  T1 = 0.6sec

220 ton Inertia Mass
Columns

Beam
Rubber bearings

Load cell

Shaking table

Device

Isolator
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Plan view during test

Natural period of the system :  T1 = 0.6sec

220 ton Inertia Mass

on Isolation Rubber

Columns Beam

Rubber bearingLoad cell

Loading rig

Shaking Table
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Tokyo



Tokyo
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----Seismic

intensity

Damages of buildings in the city after big earthquake, in the case 

that all buildings were designed as ductile frame structure.
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Damages of buildings in the city after big earthquake, in the case 

that all buildings were designed as strength oriented structure.

----Seismic

intensity
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Damages of buildings in the city after big earthquake, in the case 

that all buildings were designed as passive controlled structures.

----Seismic

intensity
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Almost no damage of building in the city after big earthquake, in the 

case that all buildings were designed as seismic isolated structures.

----Seismic

intensity
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“Designed to protect life in extreme 

event, but damage  is expected” 

Prof. Stephen Mahin said.
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Conclusion  1/3

• Who does pay money for demolishing 
many damaged buildings and clean up the 
damaged city?

• Does money come from insurance, city, 
prefecture, government or owner?

• When owner did not need to pay it, they 
will built ductile building, because it seems 
like cheap.

• A city is consisted of many buildings.
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Conclusion  2/3

• After major earthquake, structural engineers 

put red tags to damaged buildings, even if 

these buildings are not so severe damage, 

they tend to put red tag.

• People don't want to return to the red tag 

building.

• When many buildings were demolished in a 

city, we can not stay in the city and we can’t 

say that we make a resilient city.
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Conclusion  3/3

• We have to consider not only resilience of 

a building, but also resilience of a city 

consist of many buildings.

• Then we can not recommended to make 

buildings rely to large ductility. 

• When we make a rule that owner have to 

pay, people will built his building more 

strong.
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Prof. Robert Park
at Canterbury University

Prof. R. Park introduced ductile 

moment reinforced concrete frames 

in earthquake prone countries, but 

he have said at that time:
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Prof. Robert Park
at Canterbury University

Prof. R. Park introduced ductile 

moment reinforced concrete frames 

in earthquake prone countries, but 

he have said at that time:

Ductility is not final goal.
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Epilogue must be Happy End

We, structural engineers, have a mission

to make the world a better place to live.
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