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Vibration Control buildings in Japan

Vibration Control Buildings, Japan
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Seismic Isolation and Vibration Control

Principle of Vibration Control

Reduction of Response by dampers
which absorb input energy

Traditional Building Vibration Control Building

Cracks

Energy Absorption by
Structural Members Dampers
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Basic Concept of Vibration Control
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Basic Concept of Vibration Control
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Principle of Seismic Isolation
and Vibration Control
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Vibration Control Devices

AlJ ;2007

Mechanical Property Devices
Displacement @ Steel
depended damping
(Hysteresis) @ Lead
famping type ® Friction
Velocity depended @ Oil
damping .
(Viscous damping ® Viscous
type) ® Visco-elastic
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B Displacement depended damper

@Steel Damper Utilizing the high ductility of steel

Buckling restrain brace

Steel coated
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B Displacement depended damper
@ Steel Damper
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B Displacement depended damper
@ERFE 18—
Utilizing the high ductility of lead
Utilizing the plastic fluid resistant of lead
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Displacement depended damper

Friction Transforming vibration energy into thermal
damper energy

Plate spring +bolt system
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B Displacement depended damper

@Friction Damper Transforming vibration energy into
thermal energy
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B Velocity depended damper
@ Oil Damper  Utilizing the fluid resistance of oil
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B Velocity depended damper

@ Viscous Damper Utilizing the shear resistance of
polymer material
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B Velocity depended damper

@ Visco-Elastic damper Utilizing the shear resistance of
visco—elastic material

3000 e
- | 1-05Hz y-300% | |
2000 - : ' '

1000 [

JL—R#7 P{KN)
[

Sooof

Visco-elastic :
material 2000} -__.-€ .

3000k ; ‘ ‘ ' ! !
-4 3 2 -1 0 1 2 3 4
L —AWMER alcm)

Hysteresis curve

Visco-elastic damper

BAREFXERZE: = HIREEDRET 20074, 45K



Installation of Devices

= Wall type Brace type Shear link type
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Installation of Devices
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Analytical modeling of devices

(1)Displacement depended damper

2
Fy/A, (N/mm?) Test Fo/Aa (N/ mg(])o) Test F, (kN)

20 Analytical ) 40
model yra
: ! = i ‘ 1| wom
15 251 VBN i) 2s ‘
Ul (%) R A W g ey 12
= ‘ T
—XRE H—cc— EER(E ~ N 3
250 -~ BRATE 300 -- - 400 s
(a) Buckling restrain (b)Buckling restrain brace (c)Friction damper
brace (LY225)
(LY100)

Comparison of analytical model and test result
(steel damper and Friction damper)
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Analytical modeling of devices

(2) Velocity depended damper
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(a)Oil damper (with relief valve) (b) Viscous damper ( wall type)

Comparison of analytical model and test result
(Oil damper and Viscous damper)
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Structural Design of
Vibration Control
Buildings in Japan
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Design of vibratic

Start

I

Design of main frame

l

Nonlinear static analysis
(Push over analysis)

v

Location, types of vibration control
devices

v

Quantity of Devices by preliminary
analysis and Time history analysis

v

Detail structural design of
vibration control devices

L
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. s

End

Flow diagram of vibration control
design
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Outline of the analyzed building
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Property of the main frame

Natural period; T(s) and Participation factor ()

Mode | T(sec) [B

1 st 1.33 1.33
2nd 0.48 -0.49 AlJ 2007
3rd 0.27 -0.29 30000
e
10 25000
? ~—~
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5 — g 5 15000
g
5 ny s
S| £ 10000
4 :: u;
3 S o WX
2 S n °000 J/ - =1/150%|ZFEE
o 7 — — 1/100 5] E B
1 = 0
2 O 2 g Story drift
RIS B -u g ory drift (cm)
Vibration mode 0 Story shear force vs Story drift

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



(1)Location of Dampers

Type of damper . Steel damper (Buckling retrain brace type)
Type of installation . Brace type
Location for plan . Symmetry

Location for elevation : Continuous from ground to top floor
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(2) Calculation of quantity of damper
Target Capacity-

Input Ground motions: three kinds of code based strong artificial motions.
Maximum response story drift: 1/150rad
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/ 20% 60000
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Natural period (sec) Hysteresis curve

Maximum response spectrum for design
ground motions
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(2)Calculation of quantity of damper

Damper strength to get the required additional damping

heq =0.8x 1 AW, =O.8><3 1— 1 xQdy (1.3.6)
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Quantity of dampers at each story

(2)Calculation of quantity of damper

*Ductility factor of dampers are assumed as constant; y, =5.0

*Distribution of story shear coefficient is Ai which is defined by Japanese seismic

code

Property of Damper (strength and stiffness at each story)

= B2 ui Kfi Qfi Qdyi | Ci/Ai Kdi o

(mm) [N/mm)| kN) | (kN) (kN/mm)| # %
0] 26.7 413] 11,023[" 1.456] [ 0.578 273
9 26.7 447] 11,907 6,2401 | 0.578 1,170
8 26.7 486] 12,953 9,990 0.578 1,873
Ji 26.7 929 14,093|" 12,960 0.578 2,430
6 26.7 679 18,112|. 12,512 0.578 2,346
0 26.7 708 18,881|, 14,777 0.578 2,771
4 267 733]_19,540( 16,649 | 0578] 3,122
3 26.7 819] 21,8371 16,378] | 0578] 3,071
2 26.7 878| 23,412|. 16,336 0.578 3,063
1] 333 879] 29303] 14507 | 0578] 1,726

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



Reconfirmation of designed result by time history analysis)

Vibration control

Without vibration Vibration control Without vibration

ntrol
- 89< 0 —|@‘_?K\ controlKOBE
o\ . —f—HACH
A OX 9t 0 XK =x=ToHK
A OX : Ao
Target; 1/150 ..
Q':?‘K —e— KOBE 7t £y CX
KB s —A— HACH I’/<::‘| Without
gy —X—TOHK TAY
6 | A/CX vibration
“\ V% control
5 | K
o f AV Ox
31 A IQ>K
2 f A O X
1 X
20 40 60 80 0 1/200 1/100 3/200 1/50
Response maximum Response maximum story drift angle
displacement(cm) (rad))

Result of time history analysis

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



Detall structural design of devices

Strength and stiffness of each story total

Start

I

Design of main frame

l

Nonlinear static analysis
(Push over analysis)

v

Location, types of vibration control
devices

v

Quantity of Devices by preliminary

Strength and stiffness of one piece of
damper

dampers

-Angle of installation
-Number of dampers at each story

Property of damper at each story
(Strength and axial stiffness of one damper)

analysis and Time history analysis

Detail structural design of

vibration control devices

End

Flow of vibration control design
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e BEA | ANYS cos ¢ MEAR| Qdyi Nd’ kdi kd’

(m) (m) n (kN) (kN) | (kN/mm) | (kN/mm)

10 4.0 6.4 0.848 2 1,456 859 273 190
9 40 6.4 0.848 4] 6,240 1,840 1,170 407
8 40 6.4 0.848 6] 9,990 1,963 1,873 434
7 40 6.4 0.848 8] 12,960 1910 2,430 422
6 40 6.4 0.848 8] 12512 1,844 2,346 408
5 4.0 6.4 0.848 10| 14,777 1,743 2,771 385
4 40 6.4 0.848 10| 16,649 1963] 3,122 434
3 4.0 6.4 0.848 10| 16,378 1,931 3,071 427
2 40 6.4 0.848 10| 16,336 1,926] 3,063 426
1 5.0 6.4 0.788 8| 11,507 1,825 1,726 347




(a) Buckling retrain brace

Elastic portion Plastic portion  Elastic portion
i ‘ ”_————-~~~ _—
*fglj:/u \. (’ \)/ *fﬁ%u
A‘~~-__ __——’,\
0.5LE | Lp | 0.5Lk

L

Construction of Brace

-Length of plastic length *Ductility factor of plastic zone
I . . "
Lo=(@-a)-a)xl = ~1)x (Ko /K41
a :Area ratio of plastic and elastic ud :Ductility factor of damper
zone(=0.4) Kp : Axial stiffness at plastic zone
a’: Area ration of plastic and Kda” : Axial stiffness of brace

equivalent section
L :Length of brace
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(a) Buckling retrain brace

P EE7 V-2 ) )
29 Nd’ Kd’ o’y . L d Lpr Kd ”
B |a/mm)| @m) [‘;fg}iﬁ (r:14m/32) mm) | mmd | (mm) kN/mm)| 49
o 859 190] 45| 1.000] 4532 7.547| 8.268] 1863 225
ol 1840] 407 45| 2,000] 8.896] 7.547[16.230] 1.863 443
8] 1.963] 434] 45| 2,000 8.896] 7.547/16.230] 1.863 443
7] 1910] 422] 45| 2,000] 8.896] 7.547|16.230] 1,863 443
6| 1.844] 408] 45| 2,000 8,.896] 7.547[16.230] 1.863 443
5] 1.743] 385 45| 2,000] 8.896] 7.547]16,230] 1,863 443
4] 1963] 434] 45| 2.000] 8.896] 7.547/16.230] 1,863 443
3] 1931] 427] 45| 2.000] 8.896] 7.547[16.230] 1,863 443
2] 1926] 426] 45| 2.000] 8.896] 7.547[16.230] 1,863 443
1] 1.825] 347] 5.3| 2.000] 8,896] 8.122|15.036] 2.594 381
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Approval system of Vibration control
building Iin Japan
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Consideration on vibration control design

Design : Nonlinear time history analysis Takeuchi, T., Titec

!

Investigation on effective conditions on the response by the main frame and damper.

Modeling of main frame and damper are most important issues for analysis.

Appropria@e modeling

(Stiffness of main frame, ~effect of flexural behavior.”Stiffness of joint portion and
surrounding frame

_ _ Damper Joint portion
High stiffness of damper
Low stiffness of :
frame
Link brace
Flexural deformation of main frame Deformation at joint portion
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Examples of Vibration
Control Buildings in
Japan
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Vibration Control Building

Types of Dampers, Japan

others
ned mass

7%
friction
isc@ho Hysteresis
39%

Viscous
18%
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Vibration Control Building
High Rise office Building (Steel St.)
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Vibration Control Building
Medium Rise offie Building( Steel. St)

Takeuchi (Tokyo Institute of Tech.)

Installation of Oil
Damper

55

Outside View

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




Vibration Control Building
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http://www.obayashi.co.jp/index.html

Vibration Control Building

Friction Damper: Brace type
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http://www.obayashi.co.jp/index.html

Vibration Control Building

T e RS AR A S i m.ﬁ;—mm

il s e

Friction Damper: Column type
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Vibration Control Building

High rise residential
building

45F, B1F

H=155.5m

Residential Building
Passive Control System
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Outline of Structure

Area: 72,744 m?2

45F, B1F

H=155.5m

Oil dampers: 25KN s/cm; 80 Pieces

Parking tower (Shear wall) :33F
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Residential Part (Frame Structure):45F
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Double tube vibration control system

Oil Damper Parking Building
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Oil Damper between moment resisting frame and shear wall structure

Oil Dampers

Moment |
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frame

. ;‘3“ N ¢
o
AN
A\ y

" . - Y
d
A
]

Shear wall

Moment

| Q : \A‘ \.\ ."!
] Hucturﬁ\‘}e‘c resisting B\ §
| frame \

‘. .; (3 n



http://www.obayashi.co.jp/index.html

Vibration Control Building

A R

http://image.search.yahoo.co.jp/search?rkf=2&ei=UTF-8&p
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Vibration Control Building

High Rise Residential
Building (2014. August)

TRRERTRRARRR AR AN

http://kenplatz.nikkeibp.co.jp/article/buildi "
ng/news/20130911/631735/?P=1 \‘Y‘k.

N
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Vibration Control Building

B2F, 44F H=250m

Natural Rubber Bearings: 21
Lead Plug Rubber
Bearings: 63

Low strength Steel Damper
(LY225)
Installed between Boundary
Beams

Isolation Story: B2F

http://kenplatz.nikkeibp.co.jp/article/buildin

g/news/20130911/631735/?P=1

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



Vibration Control Building

Low Strength Steel Damper between
Boundary Beams

~

.

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


http://kenplatz.nikkeibp.co.jp/article/building/news/20130911/631735/?SS=imgview&FD=49498919

Retrofitting of residential building
by friction damper in Japan

From JBDPA “Seismic retrofitting examples of existing
reinforced buildings in Japan, 2009”
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Outline of Building

Name . A-Building

Use . Residential Building
Story . 5 stories

Total Area : 640 m?

Original Construction . 1968
Retrofitting Construction: 2006
Location . Shizuoka City, Japan

Retrofitting Project:

Design and construction work: Obayashi corporation

Structural test: Toyohashi University of Technology (TUT) and Obayashi corporation
Fund: Shizuoka prefecture
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Before retrofitting After retrofitting
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Friction Damper
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Friction damper
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Characteristic of retrofitting

Benefit by friction damper :(1) Outside Retrofitting @)Small
space@Low cost @Maintenance free
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http://www.obayashi.co.jp/index.html
http://www.tut.ac.jp/index.php

Is Index of Existing Building

E-=0.90
Dirction Story Modelig Sp T Ig I/ Ep C:Sp
ALL 1.00 0.96 1.57 1.75 1.64
> Zone A 1.00 0.96 1.10 1.22 1.14
4 ALL 1.00 0.96 0.97 1.07 1.01
Zone A 1.00 0.96 0.60 0.66 0.62
X ALL 1.00 0.96 0.79 0.87 0.82
3 Zone A 1.00 0.96 0.51 0.57 0.53
9 ALL 1.00 0.96 0.74 0.83 0.77
Zone A 1.00 0.96 0.56 0.62 0.58
1 ALL 1.00 0.96 0.79 0.88 0.82
Zone A 1.00 0.96 0.57 0.63 0.59
ALL 1.00 0.96 1.58 1.75 1.65
0 Zone 1 1.00 0.96 1.30 1.44 1.35
4 ALL 1.00 0.96 1.00 1.11 1.04
Zone 1 1.00 0.96 0.81 0.90 0.84
Y 3 ALL 1.00 0.96 0.89 0.98 0.92
Zone 1 1.00 0.96 0.70 0.78 0.73
9 ALL 1.00 0.96 0.79 0.87 0.82
Zone 1 1.00 0.96 0.70 0.78 0.73
1 ALL 1.00 0.96 0.84 0.93 0.87
Zone 1 1.00 0.96 0.72 0.79 0.75
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Preliminary Study on
Retrofitting Methodology

Case | Methodology | Characteristic |Adoption

1 Wing wall Lot of quantities

2 Reaction frame _Surroundlng land space
IS small

3 Super frame Big frame and lot of cost

Low cost, maintenance
4 Friction Damper free, small space, o
outside installing
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Structural test

T E N EETEREE
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Structural Test
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Crack of RC Frame and Restoring Force

Characteristics
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Non shrinkage
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Is Index after Retrofitting

ET=0.90

X Direction (Zone A)

Y Direction (Zone 1)

Story R e?r?)ff(i)trtein . After Retrofitting Re?r?)ff(i)tr’gn . After Retrofitting
s | CSy | Is | Sy | s | Sy | s | CSp
5 1.10 1.14 1.05 1.10 1.30 1.35 1.47 1.54
4 0.60 0.62 0.94 0.81 0.84 1.08
3 0.51 0.53 0.98 0.70 0.73 1.00
2 0.56 0.58 0.96 0.70 0.73 1.03
1 0.57 0.59 0.97 0.72 0.75 0.97
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Nonlinear time history analysis

_ o«
1) Analytical model

@

< “— EXisting
W Structure : @ structre
: Friction =

Five lamped mass shear model pamper @D

o
B Parallel coupling of existing structure TI777

and friction damper
Analytical Model

B Damping Factor :
3% proportional to secant stiffness
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2) Restoring force
characteristics of existing

building

B Skelton curve is obtained by

pushover analysis

Q.
Q.

Q

B Hysteresis rule is after the TAKEDA 5, b2 s
Model. Skelton Curve of
Structure
Shear force and disp. of each story

(FE] 61em) | QIkkN) 0 2(cm) [ Q2(kN) 0 3(cm) [ Qu(kN)
9 0.430 135.2 2.200 406.7 4.400 406.7
4 0.385 130.3 2.080 392.0 4.160 392.0
3 0.439 153.9 2.060 460.6 4.120 460.6
2 0.514 200.9 2.060 603.7 4.120 603.7
1 0.457 227.4 2.606 683.1 9.212 683.1
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3) Restoring force characteristics of friction

damper
B Model of Friction damper: Normal bi-linear

M initial elastic stiffness of damper

1) Considering the stiffness of the steel panel connected to the
damper.

2) And furthermore, considering the stiffness of the beams
connected to the friction damper column. Then finally the
adopted stiffness is 70% of above 1) stiffness.

B Yielding force of friction damper
200KN per one piece.

[ ]
L] ]

Normal bilinear force characteristics of friction damper
Seki M., UTCB Lecture note, May 2017, BRI, Japan




4) Input Ground motion

B Peak acceleration was scaled up by 1.2 which is local zone
factor in Shizuoka.
B Artificial ground motions were made based on MLIT notice.

Peak ground motion of input ground motion

HEKA TWR1 | TWR2 | TWR3 | TWR4 | TWR5 | TWR6 | TWR7 | TWR8 | TWR9 | TWR10
e (sec) 002 | 002 | 002 ] 002 | 002 [ 002 | 002 | 002 | 002 | 002
T—ANEBHE) | 2540 | 2540 | 2540 | 2540 | 2540 | 2540 | 2540 | 2540 | 2540 | 2540
BANEE B (cal) | 403.45 | 461.34 | 372.03 | 393,67 | 375.95 | 379.50 | 46050 | 366.24 | 414.35 | 375.00

iz E1 0% EE LT
& AR 5t (o) 434,14 | 553.61 | 446.44 | 472.40 | 451.14 | 455.40 | 552.60 | 439.49 | 497.22 | 450,00
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Result of nonlinear time history analysis

- #h =1 (BE7FRC)
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Construction Schedule

(5 months)
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Construction Work

FRSEE ®is-Hai60-018 ||
REGSHE 1

@ Installing the anchor on @ installed anchors on the beam
the existing beam Shear force between newly
installed steel beam and existing
RC beam.
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@ Newly installed steel beam is lifted.

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



@ Installing the new ® After installing the new steel
beam on the part of beam
post installed anchor.
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® Grouting the mortar @ Friction damper column
behind the steel beam

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



Lifting the friction
damper column

@ Setting work to newly installed
steel beam

Seki M., UTCB Lecture note, May 2017, BRI, Japan
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@ Completion of setting work @ Completion of retrofitting
of friction damper column work

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



o
@ Friction damper can be seen from outside as
appealing and visual checking after earthquakes.
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High rise buildings retrofitted
by the vibration control
methodology

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



Seismic Intensity: Tohoku Earthquake,
11th, March, 2011
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High rise building in Shinjuku, Japan

Original construction: 1979, 55F H=223m,Steel structure

After Kimura Y., Taisei co.

Seki M., UTCB Lecture note, May 2017, BRI, Japan
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83
Necessity of Vibration Control

] Background After Kimura Y., Taisei co.

e Lack of capacity against the unexpected strong ground motions

* Columns at lower stories exceed the allowable stress

Earthquake force -

Shear force

I o] |

-»// o f] T iome]

- N K ension for
.// Tension t//, r’! //ICompressior// -cI:-qumn f

[ [
Tension t compression

Compression
for column
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Oil damper (T-RESPO)
B Characteristics After Kimura Y., Taisei co.

* Additional stress doesn’t occur against the beams and columns

Oil damper with the
controlled axial force

Mechanism of the controlled axial force

@ . = Damping force
decreases beyond the

designed displacement

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



Effect of Vibration Control

After Kimura Y., Taisei co.
m Decreasing of response displacement

* Peak displacement decreases
* Long term vibration decreases after terminating earthquake

Decreasing of long
term vibration

Nonlinear time history analysis

—Dbefore installing dampers
— after installing dampers (T-RESPO)




Passive Control of High Rise Building

52F2_X (peak:- 130.5 cm/s/s)

Big Earthquakes having Long Period
Components(3.11,2011 Earthquake)

Osaka Fusakishima City Office

| | 1F_X (peak- 34.3 cmis/s)

300 400 500 600
Time (sec)
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Passive Control of High Rise Building

Big Earthquakes having Long Period
Components

Oil Damper

Steel Damper

http://www.pref.osaka.lg.jp/otemaemachi/saseibi/cyosyukitorikumi25.html
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Passive Control of High Rise Building
Big Earthquakes having Long Period Components

52F Displacement by Earthquake Response Analysis
Before Strengthening; 259 cm - After; 207 cm

Before Strengthening

After Strengthening

http://www.pref.osaka.lg.jp/attach/13203/00078593/230624file3-2.pdf
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Three Types of Vibration Control

Passive Tuned mass Super Active Base
Passive

Damper '
P Damper Isolation

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




Passive Vibration Control System: The
biggest TMD (Tuned Mass Damper) in Japan

www.mitsuifudosan.co.jp/corporate/news/2015/0514/st
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Passive Vibration Control System: The
biggest TMD (Tuned Mass Damper) in Japan

1. Original Building

 Completion: Sept. 1974

* Story: 55F, B3F

* Height: 210m

e Structure: S (Upper Structure), RC/SRC
(Basement)

2. Retrofitted Building
 Completion: April 2015
* Vibration control devices: TMD, Oil dampers

www.mitsuifudosan.co.jp/corporate/news/2015/0514/st
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Passive Vibration Control System:
TMD (Tuned Mass Damper)

Oil damper

Wight
(3000KN)

Oil Damper

www.mitsuifudosan.co.jp/corporate/news/2015/0514/st
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Passive Vibration Control System:
TMD (Tuned Mass Damper)

www.mitsuifudosan.co.jp/corporate/news/2015/0514/st
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Conclusions

More than 3000 buildings were completed
In Japan and will increase more.

Vibration control can make the more
flexible design easier than conventional
structural design.

Effect against wind and earthquake was
obtained and found to be effective for high
qguality buildings.
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Thank you for
your attention
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