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3日本建築防災協会

2001 revised version

Guidelines for Seismic Retrofit of 

Existing Reinforced Concrete 

Buildings, 2001

The Japan Building Disaster Prevention

Association(JBDPA)

JBDPA seminar note
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History of Seismic Retrofit Guideline

１９７７ First version was issued

★Back data of experiments and practical  examples are

included in the guideline

１９９０ Revised

１９９５ Hyogoken Nanbu (Kobe) Earthquake

★Practical examples of seismic evaluation and retrofit

are performed.

★Development of easy construction technology

★Development of new technology

１９９８ Revision of Japanese seismic code

２００１ Revised
JBDPA seminar note
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History of seismic retrofit technologies

1977 version

・RC column

・RC shear wall

・RC wing wall

1990 version ・Steel frame

2001 version

・Carbon fiber sheet

・External frame

・Precast Concrete frame

・(SI unit)
JBDPA seminar note
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Technical terms

Recovering the original capacity by 

repairing

Improving the capacity by strengthening 

more than original capacity

Making reusable by repairing and/or 

strengthening

The general  term of repair, strengthening 

and restoration

Repair

Strengthening

Restoration

Retrofit

P.55

JBDPA seminar note
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Target capacity by retrofit P.57

◆ Is index after retrofit（RIs）

RIs ≧ α・Iso ＝ α・Es・Z・G・U

◆ Accumulative strength index after retrofit（RCTU・RSD）

RCTU・RSD≧ α・0.3・Z・G・U

Where,
α ：Construction factor（1.0 ～ 1.2）

Z ：Zone index

G ：Ground index

U ：Usage index

RSD ：Irregularity index after retrofi

Es ：Basic seismic demand index

1st evaluation：Es＝0.8

2nd evaluation：Es＝0.6 JBDPA seminar note
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P.58

★Demand Iso index

Iso＝0.6～0.7

Discussion with owner of building

★Recommended retrofit method

Strength type;

It can avoid the concentration of 

damage of structural member and/or the 

non-structural elements

Target capacity by retrofit

JBDPA seminar note
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Basic concept of retrofit design 

■ Point to consider for retrofit design

★Target demand seismic capacity

★Basic principle of retrofit

★Selection of optimum retrofit technology

★keeping the function of buildings

★Easiness of retrofit construction work

JBDPA seminar note
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Flow of retrofit design

Find the point of weakness

START

Decide target demand capacity

Select the retrofit method

Calculate the quantity of retrofit

Location of retrofit members

Design of retrofit members

Confirmation of effect of retrofit

END

RＩs≧αＩso
NO

YES

Use both methods of 2nd

and 3rd level evaluation for
confirmation

From result of seismic 

evaluation before retrofit

Considering of conditions for 

retrofit

JBDPA seminar note
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Strength

Ductility

Avoidance of damage concentration

Reducing of input earthquake force

Retrofit of Footing

Classification of retrofit methodology

JBDPA seminar note
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Reducing of input 
earthquake force

Y shape brace

Isolation devices

Vibration control
（Brace, Oil damper）

Seismic isolation
（Isolator, Dampers)

Strength

External frameWall

Wall, Brace External Frame

Ductility

Existing RC 

column

Carbon 

fiber

Carbon fiber
（Steel plate）

Classification of retrofit methodology
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Improvement of Capacity

Seki M., UTCB Lecture note, May 2017, BRI, Japan
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Strength

Shear wall

Steel frame

External frame

External new 

frame

Others

P.67
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Shear wall

Steel brace

External frame

Buttress

Lattice brick

Classification of retrofit methodology

JBDPA seminar note
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Shear wall

Post installed RC wall (strength type)

P.68

Shear wall
Wing wall

Classification of retrofit methodology

JBDPA seminar note
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Ｃ
Ｌ

Post installed anchor
Headed
stud

Steel brace

Steel frame
Mortar joint

Steel brace retrofit (strength type)

P.69Classification of retrofit methodology

JBDPA seminar note
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ブレース架構

補強ブレース

External retrofit (strength type)

Buttress

Buttress

External

frame

External frame

Buttress

Buttress

Classification of retrofit methodology

JBDPA seminar note
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RC 

Jacketing

Steel plate 

Jacketing

Carbon 

fiber 

rapping

Ductility

P.67
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Welded 

mesh

Rectangular, 

round steel

Sheet, 

Strand

Classification of retrofit methodology
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Increase of shear capacity

ＣＬ

30～50

100～150

30～50

Slit

RC
jacketing

ＣＬ

Joint
panel

Slab

Reinforced concrete Jacketing (ductile type)

P.70

Increse of shear and flexural
capacity

RC
jacketing

Classification of retrofit methodology

JBDPA seminar note
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Rectangular steel plate Steel flat plate

mortar

Steel plate

Flat plate

Angle plate

Mortar

Flat plate

Angle plate

Column retrofitted by steel plate (ductile type)

P.70

Steel plate

Classification of retrofit methodology

JBDPA seminar note
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Sheet Strand

Existing column

Column retrofitted by carbon fiber sheet 

(ductile type)

P.72

Existing column

Classification of retrofit methodology

JBDPA seminar note
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Construction process

Existing RC 

column

(Taking off 

cover mortar)

1
Rapping of 

carbon sheet

2
After Rapping

3
Finishing 

Column retrofitted by carbon fiber sheet

(ductile type)

Spandrel 
wall
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Beam retrofit by carbon fiber sheet

Steel plate

Post install anchor

Carbon fiber

sheet

Beam retrofit by carbon fiber sheet (ductile type)

P.224
Classification of retrofit methodology

JBDPA seminar note
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Avoidance of the concentration of damage

地震力

Retrofit design

Improvement of 

eccentricity
Eccentricity

Earthquake force

剛性

Retrofit 
memberEarthquake force

Improvement of 

stiffness ratio
Piloti Concentration

of damage

Uniform 
deflection

Earthquake force Earthquake force

Retrofit 
wall

JBDPA seminar note
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Improvement of 

vibration 

disadvantage

Cancel the 

extreme brittle 

member

Avoidance of 

concentration of 

damage

Making of slit Improvement of eccentricity

P.67
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Making of the slit

Eccentricity

Stiffness unbalance

Expansion joint

Classification of retrofit methodology

JBDPA seminar note
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P.72

Under pinning Expansion of footing Increasing of piles

Oil jack

Steel pile

Existing 

footing

GL▽

New concrete

Hoop

& Mortar

Existing pile

New pile

Classification of retrofit methodology
Footing and Pile

Seki M., UTCB Lecture note, May 2017, BRI, Japan
JBDPA seminar note



Retrofit by seismic isolation and vibration control  

Seismic Isolation Top floor vibration control Inner frame vibration control

Seismic isolation
Vibration control

Earthquake

resistant

T : long

Acc.: small

T : short

Acc.: big

T : long

Acc.: big

T :long

Disp.: small

Isolator

Vibration Control 

devices

Dampers
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Required strength

P.77
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△Ｑi ：Lack of strength

△Ｃi ：Lack of C index

Ｆ' ：F index after retrofit

RＩs ：Is index after retrofit

1.0 Ｆ'

Building before 

retrofit

Demand

seismic

capacity

ΔＣ（Lack of C index）

F index

F index for retrofit

Ｉsi ：Is index before retrofit

ＳD,ＳD' ：irregularity before and after retrofit

Ｔ,Ｔ' ：T index before and after retrofit

ΣＷi ：Summation of weight of building

Basic concept of retrofit design 
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x

JBDPA seminar note

Seki M., UTCB Lecture note, May 2017, BRI, Japan



29日本建築防災協会

P.82
Confirmation of retrofit effect

Calculation of Is index after retrofit
START

Design of retrofit member

Calculation of Indices

（C，F）
（Eo）
（SD）

Modify SD?

Calculation Is index

END

Conversion of stiffness from

steel brace to RC member

Calculation

（SD）YES

NO

Calculation of weight of members

Strength of retrofit members

JBDPA seminar note
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Verification of retrofit effect

1. Shaking table test

2. Static Loading test

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Miki city, Kobe
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Three stories school buildings

Before retrofit

After retrofit by 

steel braces

Shaking table test of RC Buildings
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Shaking table test of RC Buildings
Before strengthening                               After strengthening
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Shaking table test of Timber Houses
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Shaking table test of RC columns

Shear failure column Flexural failure column

ＶＩＤＥＯ Obayashi corporation

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Column retrofitted 

by carbon fiber

Shaking table test of RC columns

Obayashi corporationＶＩＤＥＯ

Shear failure column

Seki M., UTCB Lecture note, May 2017, BRI, Japan



CYCLIC SHEAR TESTS ON 

PLAIN AND FRP RETROFITTED 

MASONRY WALLS

M. Seki, R. Vacareanu, T. Saito, 

D. Cotofana, E. Lozinca,

V. Popa, A. B. Chesca

１４ｔｈ WCEE, 2008,Beijing, China
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Test specimens
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Reaction frame at UTCB
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Lateral force - lateral displacement relation
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TESTS’ RESULTS Lateral force (kN)-lateral drift (%) curve

WBRI1 (A)

WBRI3-carbon fiber on both faces

(B)
WBRI4 – carbon fiber on one face

(C)
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TESTS’ RESULTS Damage state of the Specimens at Collapse

WBRI1 (A)

WBRI3-carbon fiber on both faces

(B)
WBRI4 – carbon fiber on one face

(C)
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Ultimate Damage

WBRI3-carbon fiber on both faces (B)



Ultimate Damage

WBRI4 – carbon fiber on one face(C)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Plain Masonry vs 

Retrofitted Masonry on Both Faces
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Plain Masonry vs. Retrofitted 

Masonry on Both Faces

Lateral force – lateral drift curves

Plain Masonry vs. Retrofitted 

Masonry on One Face

Comparison of Load –deflection curve
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B C
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Examples of retrofit buildings
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Retrofit of Department store 

by outside steel frame
Usage: Department store

Location: Osaka Toyonaka-city, Japan

Story: 7 stories, 1 basement , 2 pent house

Structure: Reinforced concrete: B1F-5F, Steel: 6-7 F, PH

Moment resisting frame with shear wall (RC), 

Moment resisting frame (S)

Total floor area: 20,368 m2

Original construction: 1970

Retrofit construction: 2007-2008
JBDPA 2014

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Before 

retrofit

After 

retrofit

JBDPA 2014
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After 

retrofit

JBDPA 2014
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After 

retrofit

JBDPA 2014



Retrofit concept

JBDPA 2014

Seki M., UTCB Lecture note, May 2017, BRI, Japan

1.Reservation of Architectural façade design

➡ Triangle steel frame

2. Retrofit without disturbing the habitability

➡ Outside steel frame

3. Construction procedure considering the

approach of customers



Retrofit plan (4F)

Triangle steel frame

Jacketing column by 

carbon fiber sheet

JBDPA 2014
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West elevation drawing

JBDPA 2014
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JBDPA 2014
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Joint of triangle frame and 

top bracket

Triangle 

frame 

Triangle 

frame 

Triangle 

frame 

Inside 

bracket

Inside bracket

Top bracket

Inside 

bracket

Top bracket

Existing frame

Existing 

frame

Existing ceiling

Top bracket

Hybrid 

joint

HTB

joint

Existing 

Pca frame



Square steel tube

□ー300×300×19

Triangle steel 

frame (1)

JBDPA 2014
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Square Steel tube 

□ー400×400×19

Triangle steel 

frame (2)

Steel plate PL-19

JBDPA 2014
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SUSPENDED SCAFFOLD

Triangle 

steel 

frame

Work on 

the 

suspended 

scaffold

Inside of store

Retrofit without disturbing the habitability
JBDPA 2014
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Comparison of Is index Comparison of q index (Ratio of 

strength and required strength)

Before 

retrofit Before 

retrofit

After 

retrofit

After 

retrofit

JBDPA 2014



Construction process of triangle steel frame

① excavating for pile ② Top of pile ③ Rebars of footing ④ Casting of footing concrete

⑤ Setting of inside bracket ⑥ Tightening of bolt ⑦ Setting of top bracket JBDPA 2014
JBDPA 2014
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⑧ Injection of epoxy resin ⑨Suspending bottom part ⑩ Setting of bottom part

⑪ Setting of triangle frame ⑫ Welding of joint part ⑬ Rust prevention painting

⑭The finish painting ⑮After setting ⑯ Bottom part JBDPA 2014

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Retrofit by outside steel frame

M.Seki (BRI,IISEE)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Retrofit by outside steel frame

JBDPA
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Retrofit by outside steel buttress frame

M.Seki (BRI,IISEE)
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Retrofit of National Museum of Western Art, Japan

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Outline of Building

Location ：Tokyo

Land area：9,287.88m2

Building area：1,692.61m2

Story：3F, B1F, PH 1

Structure：Reinforced concrete (RC)

(Original construction）

Design         : Le Corbusier

Completion：May,1959

(Retrofit construction)

Construction term : May 1996 - March 1998

Construction Company: Shimizu corporation

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Designed by Le Corbusier in 1957
(1887-1965)

Characteristic of his architectural design:

Module, Piloti, Without finishing

[Charles-Edouard Jeanneret-Gris]

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Preliminary investigation of retrofit methods

Method → Wall Column

Beam

Vibration

control
免震

Evaluation

items ↓

Safety of visitors

Functionality of museum

Protection of art objects

オリジナルデザインの継承

Seismic

isolation

Succession of original design

© Tsukagoshi (Shimizu Co.)
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エントランスホール

レストラン

エントランスホール

ショップ

１９世紀大ホール
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38100

渡り廊下

２１世紀ギャラリー

1st floor plan

Existing basement

Extended basement
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After retrofit

Before retrofit

Section of museum

Seki M., UTCB Lecture note, May 2017, BRI, Japan

© Tsukagoshi (Shimizu Co.)



141 221 229 203 215 231 115

165 227 297 286 225 226 181

205 243 274 235 274 221 183
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High damping rubber bearing
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Diameter 650  figure: axial force (tons)
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Construction process

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Section of Isolator surrounding detail

after completion

D19-@100

D16-@150
D13-@200

既存基礎

アンカーD16-@150

アンカーD16-@200

1
2
0

6
0
0

5
0
0

4
0
0

1
6
0

6
4
0

3
0
0
0

1
5
0
0

1500

D19-@100

D16-@200

9
3
0 既存梁

梁補強部 梁補強部

Seki M., UTCB Lecture note, May 2017, BRI, Japan

© Tsukagoshi (Shimizu Co.)



Retaining wall

Seki M., UTCB Lecture note, May 2017, BRI, Japan

© Tsukagoshi (Shimizu Co.)



Demolish of concrete slab on grade 
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１次根切（ラップルコクリート）まで

１階基礎梁補強

Press setting of steel piles

Seki M., UTCB Lecture note, May 2017, BRI, Japan
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ラップルコクリート撤去

Construction of lower slab

Seki M., UTCB Lecture note, May 2017, BRI, Japan
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地下１階基礎下部根切

地下１階
梁補強

Press setting of steel piles
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地下１階フーチング下部根切底板躯体構築

積層ゴム下部基礎構築積層ゴム設置積層ゴム上部基礎構築

免震装置設置完了

Construction of grand floor slab
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Cutting of steel pliles
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Pressing of steel piles

Seki M., UTCB Lecture note, May 2017, BRI, Japan



© Tsukagoshi (Shimizu Co.)
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Excavating machines
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Removal of rubble concrete
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Setting of seismic isolators
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Seismic isolation retrofit in NZ

NZ Retrofit Video
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Temporary repair and 

permanent strengthening 

after earthquakes
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Temporary Retrofit Permanent 

Retrofit of damaged buildings in 

1995 Hyogoken Nanbu (Kobe) 

earthquake
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Temporary retrofit

Steel post
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M.Seki (BRI,IISEE)

Temporary retrofit
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Temporary retrofit

Steel post

M.Seki (BRI,IISEE)
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M.Seki (BRI,IISEE)

Temporary retrofit

Steel band 

plate
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M.Seki (BRI,IISEE)

Temporary retrofit

Severely 
damaged 
column
(1994 
Sanriku EQ, 
Japan)
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Steel post 
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(1994 
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Temporary retrofit
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M.Seki (BRI,IISEE)

Temporary retrofit

Residential 

building

(Superstructure: 

no damage)
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M.Seki (BRI,IISEE)

Temporary retrofit

Residential 

building

(Piles: damage)

Steel post
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M.Seki (BRI,IISEE)

Temporary retrofit

Residential 

building

(Superstructure: 

no damage)
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Permanent retrofit

M.Seki (BRI,IISEE)
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Epoxy resin (wall)

M.Seki (BRI,IISEE)

Permanent retrofit
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M.Seki (BRI,IISEE)

Permanent retrofit

Epoxy resin 

(outside wall)
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M.Seki (BRI,IISEE)

Permanent retrofit

Epoxy resin 

(floor slab)
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恒 久 補 強

M.Seki (BRI,IISEE)

Permanent retrofit

Epoxy resin

(ceiling)



Elevation of 

damaged 

building

恒 久 補 強
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Permanent retrofit

Steel and 

ceinforced

concrete building

(SRC)
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Damage of 

SRC brace

恒 久 補 強

M.Seki (BRI,IISEE)

Permanent retrofit
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Damage detail

of joint plate

M.Seki (BRI,IISEE)

Permanent retrofit

Damage of 

SRC brace
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Retrofit detail of 

SRC brace

M.Seki (BRI,IISEE)

Permanent retrofit
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Newly installed

steel brace

M.Seki (BRI,IISEE)

Permanent retrofit

Seki M., UTCB Lecture note, May 2017, BRI, Japan



M.Seki (BRI,IISEE)

Permanent retrofit

Retrofit detail of 

SRC brace (Rebar)
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After casting of 

concrete

M.Seki (BRI,IISEE)

Permanent retrofit
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Permanent retrofit

New steel brace

M.Seki (BRI,IISEE)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Concrete  jacketing for column

Section Plan

M.Seki (BRI,IISEE)

Permanent retrofit
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New rebars for 

concrete jacketing
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Permanent retrofit
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Increasing of section

at the bottom of column
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Permanent retrofit
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Steel plate jacketing

Taking off of damaged concrete portion
M.Seki (BRI,IISEE)

Permanent retrofit
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Cutting the buckled 

steel bars

Steel bars connected by couplers
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Permanent retrofit

Steel plate jacketing
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M.Seki (BRI,IISEE)

Permanent retrofit

Steel plate  jacketing
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Steel plate 

jacketing for 

steel building
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Permanent retrofit
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Steel plate jacketing 

and steel brace

M.Seki (BRI,IISEE)

Permanent retrofit
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M.Seki (BRI,IISEE)

Permanent retrofit

Repair of 

beam bars 
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After jacketing 

by steel plate 

(Beam)

M.Seki (BRI,IISEE)

Permanent retrofit
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Welding retrofit of 

damaged beam plate
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After welding of 

beam plates

M.Seki (BRI,IISEE)

Permanent retrofit
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M.Seki (BRI,IISEE)

Permanent retrofit

After welding of 
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M.Seki (BRI,IISEE)

Permanent retrofit

RC column after 

binding the carbon 

fiber strand
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Binding the carbon 

fiber strand around 

the damaged 

column
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Current state of seismic retrofit in Japan
Public Buildings

© fdma.go.jp

Definition of Earthquake resistant ratio
=Number of Earthquake resistant accomplished buildings/ Total 
number of buildings

 Earthquake resistant accomplished buildings (2015)
Total ratio: 90.7 % (165,665 buildings)
(1)After completion by new 1981 seismic code (51.8%)
(2)Higher capacity by seismic evaluation (13.4%)
(3)Seismic retrofit done (25.5%)

 Vulnerable buildings (2015)
Total ratio: 9.1 % (16,625 buildings)
(1)Not yet retrofitted (4.0 %)
(2)Not yet seismic evaluation for before 1981 designed buildings(5.2%)



Current state of seismic retrofit in Japan
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Public Buildings

© fdma.go.jp
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Current state of seismic retrofit in Japan
Public Buildings
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Current state of seismic retrofit in Japan

Private residential Buildings ,March 2016

©nikkei.com/article

Goal of earthquake 
resistance rate by 
Japanese government

90 % by 2020



Conclusions

1.The are still lots of vulnerable existing buildings in Japan. 

Retrofit will be continuing in the future especially for the 

private buildings.

2.The simple and easy construction retrofit technology is 

necessary to be developed.

3.After strong earthquake, first of all the damaged buildings 

should be retrofitted in order to avoid the collapse as soon as 

possible.
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Thank you for 

your attention
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(http://ccers.utcb.ro/index.php/en/news).
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