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Evaluation of Vibration Control Performance of Outrigger Damper System
for Tall Buildings Subjected to Wind Loads
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Abstract

Recently, the concept of damped outrigger system has been proposed for tall buildings. But, structural
characteristics and design method of this system were not sufficiently investigated to date. In this study, the
dynamic response control performance of outrigger damper has been analyzed. To this end, a simplified analysis
model with outrigger damper system has been developed. An artificial wind of 1000 seconds with 0.1 second time
steps was generated by using a Kaimal spectrum. Analysis results show that outrigger damper system is more
effective up to 20-23% in the control of dynamic response compared to conventional outrigger system. The increase
of outrigger damper capacity usually results in the improved control performance. However, it is necessary to
select that proper stiffness and damping values of the outrigger damper system because, the outrigger damper
having large capacity is result in heavy financial burden.

Keywords : Outrigger damper system, Wind load, Dynamic response control, Optimal design, Time history analysis
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(Fig. 1) Conceptual detail at outrigger
level”
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(Fig. 4) Wind load time histories
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M2 013 - Y - Uds - LT
Arzo] Hu @ RMS HE, U @ RMS 7I&EES (Table 3) Dynamic response of the basic
Zate] Blm BEAETh model the top floor

(Table 1) Analysis model with changes in
damping value

. Outrigger D.amper Change.s n
Outrigger stiffness | damping
Model damper
presence | e value value
p EN/m |EN « sec/m
NOR50 -
OR50-0
ORD50-A 10,000
ORD50-B O 15,000 200~
S ——— O
ORD50-C 20,000 3,000
ORD50-D 25,000

(Table 2) Analysis model with changes in
stiffness value

. Damper |Changes in
Outrigger Outrigger dampl'flg stiffiess
Model damper
presence | o o value value
p EN « sec/m EN/m
NOR50 -
OR50-0 ] ] ]
ORD50-E 500
ORD50-F| O o 1,000 200~
ORD50-G 1,500 3,000
ORD50-H 2,000

7122 el o)t a4 754, oRZ-E| A7} AR A]
22 NORS0 2d tjr] o2l A% AX]E OR50-0
Zdo] Ho Fwele] tiste] 21.8%, FHHS
RMSol| thate] 4.7%, H) FH7FEEC sk
12%, 797145 RMSe thste] 1.2%9] &9 A7

98 Uehhao.

Maximum | Displace- |Maximum | Accelera-

displace- | ment | accelera- | tion
Model ment RMS tion RMS
(m) (m) (m/secQ) (m/secZ)

NORS0 | 0.792 0232 2199 0.639
ORS00 | 0.650 0222 2173 0.599

H(Cydl wE HEFFe] Hd FHHe WHIE
<Table 4>l YERHSUTE oFx2lA #HH7t AX|E
R v 7hae] Frtel wel H4F Wt A
2} Ak =Hw, 747k 2400kN « sec/m ©)

A BE 2o Ao #i97) o 05383m=E e}
AeFs YERdith

o

T

l

nr =

ru[o r

(Table 4) Maximum displacement based on

the damping value (unit : m)
Model | ORD50 | ORD50 | ORD50 | ORD50
o -A -B -C -D

600 0.609 0.617 0.621 0.623
800 0.59 0.604 0.609 0.612
1,000 0.585 0.591 0.598 0.602
1.200 0573 0.580 0.587 0.593
1,400 0.563 0.569 0.577 0.584
1,600 0.552 0.559 0.568 0575
1,800 0543 0.549 0.559 0.567
2,000 0.533 0.540 0.550 0.560
2,200 0527 0.534 0.542 0.552
2,400 0.525 0.533 0.540 0.546
2,600 0.524 0.531 0.538 0544
2,800 0523 0.530 0.537 0.543
3,000 0522 0.529 0.535 0.541

<Fig. 6> OR50-0 2H& 7|E0 2 43 A
HYo] Uik B2 JeRd a@zou) o A7}
A=A ¢k NORSO B tfH] ob2g] Ak AX]
# OR50-0 2d-2 21%<] ®IfIAle] Aol 3]
Aok HAES ORDS0-A Rde] 7H(0)7kol
3,000kN « sec/mY ® 05222 o} AT X
OR50-0 EHXTE 197% SHAZ &35 Hth
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(Fig. 6) Maximum displacement ratio
based on the damping value
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(Table 5) Displacement RMS based on the

damping value (unit : m)
Model | ORD50 | ORD50 | ORD50 | ORD50
o -A -B -C -D
600 0.211 0.213 0.214 0.216
800 0.207 0.209 0.211 0.213
1,000 0.203 0.206 0.208 0.210
1.200 0.200 0.203 0.205 0.207
1,400 0.197 0.200 0.202 0.205
1,600 0.19%4 0.197 0.200 0.202
1,800 0.191 0.1%4 0.197 0.200
2,000 0.188 0.192 0.195 0.198
2,200 0.186 0.189 0.193 0.196
2,400 0.184 0.187 0.191 0.19%4
2,600 0.182 0.185 0.189 0.192
2,800 0.180 0.183 0.187 0.190
3,000 0.178 0.182 0.185 0.188
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(Fig. 7) Displacement RMS ratio based on
the damping value
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(Table 6) Maximum acceleration based on
the damping value

(unit : m/sec?)

Model | ORD50 | ORD50 | ORD50 | ORD50
o -A -B -C -D

600 1.942 1.972 2.000 2.027

800 1873 | 1903 | 1931 | 1.958
1,000 1.815 1.845 1.874 1.901
1.200 1767 | 1797 | 1825 | 1.851
1,400 1742 | 1763 | 1783 | 1.809
1,600 1.731 1.753 1.773 1.792
1,800 1720 | 1742 | 1762 | 1.781
2,000 1.710 1.732 1.752 1.771
2,200 1.699 1.722 1.742 1.761
2,400 1.689 1.712 1.733 1.752
2,600 1.688 1.706 1.723 1.742
2,800 1.691 1709 | 1.725 | 1.740
3,000 1.693 1.711 1.727 1.743

.05 -

............................................................................. ——ORS50-0
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(Fig. 8) Maximum acceleration ratio based
on the damping value

<Fig. 8> 5 Al FH7EEE obxE AR
AXHE ORS00 EE-& 7|02 10 figh vl &2
Uepd g zoltk gk ORD50-D 4o 7+
A3k 200kN « sec/molA 1.0160.2 oF-8] Avt A
29 OR50-0 RHl Rt} oF 16% & 7HEESEHS H
oltt. HAZS ORDS0-A Ed9 77k 2,600

EN » sec/mOolA] 07772 OR50-0 =& thH] 22.3%
M8 AZEAE Yk ofgA WHst
A2H o] Rde BT 710 STl ot
gt A VISR SHol AREHE s B 5 A
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(Table 7> Acceleration RMS based on the

damping value  (unit : m/sec®)

Model | ORD50 | ORD50 | ORD50 | ORD50
C, A B C D

600 0.539 0.545 0.551 0.556
800 0.530 0.536 0.542 0.548
1,000 0.522 0.529 0.535 0.541
1.200 0.516 0.523 0.529 0.535
1,400 0.511 0.518 0.524 0.530
1,600 0.507 0.514 0.520 0.526
1,800 0.54 0511 0.517 0522
2,000 0.501 0.508 0.514 0.519
2,200 049 0.505 0.511 0.516
2,400 0.497 0.503 0.509 0.514
2,600 0.496 0.501 0.507 0.512
2,800 0494 0.500 0.505 0.510
3,000 0493 0.499 0.504 0.509

o NORS0

............................................................................ ——OR50-0

1.05 + ORD50-A

—= ORDS0-B

1.00 + ~+0RD50-C

ORD50-D

Acceleration RMS ratio
o o
© ©
o (3]
| |

I

1%

(92
I

Cd (kN-sec/m)

(Fig. 9) Acceleration RMS ratio based on
the damping value

<Table 7>& A= Z2=97l&w 2tho] RMS o
olfolt}. Huf % VIEESHIE vEA A4k
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<Table 8>& 73A%ko] WE 43 HAd ¥
Uehd o)1, <Fig. 10> OR50-0 RS 7|F2
2 Hd U ¥E el 1gzolnt 1=
P AHEE oA WY} AXE 4 B
9 BT A5 STl et Hd w97 9 v
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Ayt AxE =2d F el P w2
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(Table 8) Maximum displacement based on

the stiffness value (unit : m)
Model | ORD50 | ORD50 | ORD50 | ORD50
K, E F G H

1,200 0594 0.568 0.544 0.535
1,400 0597 0.571 0.548 0.537
1,600 059 0.574 0.552 0.540
1,800 0.600 0.577 0.556 0.542
2,000 0.602 0.580 0.560 0.545
2,200 0.604 0.582 0.563 0.47
2,400 0.606 0.585 0.566 0.549
2,600 0.607 0.587 0.568 0.552
2,800 0.608 0.588 0.571 0.555
3,000 0.608 0.590 0573 0.557
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(Fig. 10) Maximum displacement ratio
based on the stiffness value

<Table 9> 4HW 9 RMSZES Uehd Fol)
A7kl =71 wel +EH e RMSEke] =78
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°©
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(Table 9) Displacement RMS based on the

stiffness value (unit : m)
Model | ORD50 | ORD50 | ORD50 | ORD50
K, -E -F G -H
1,200 0.207 0.199 0.193 0.188
1,400 0.208 0.200 0194 0.189
1,600 0.208 0.201 0.195 0.190
1,800 0.209 0.202 0.197 0.191
2,000 0.210 0.203 0.198 0.193
2,200 0211 0204 0.199 0.194
2400 0.211 0.205 0.200 0.195
2,600 0.212 0.206 0.201 0.19
2,800 0.212 0.207 0.202 0.197
3,000 0.213 0.207 0.202 0.198
L0 1S T S ORURPRORUSPRUPRIE TOT NOR50
-% 1.00 _@Eiiiﬂi
éogs ORD50-H
-
50,90
2
2085
0.80 —
O O O O O O O O O O O o O o o
R888E88E8883¢88¢8¢E
Kd (kN/m)

(Fig. 11) Displacement RMS ratio based on
the stiffness value
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<Fig. 11>& OR50-0 RS 7|02 FH e
RMS H]&-3 Vehd Zg3zolt}. <Fig. 10> 1=
Sb HIstg FdS vER 9lom, HAagke 200
kN/m oAl ORD50-H 2dlo] 081302 o}z At
AXE OR50-0 29 vl 187% SHAY EAE
Uehdth 2733 AWEsE AdA7le Aol AA
o] EAolgtd 71 e Ak M 953
SH AREAE Ueleg ZFAA AA%S 2

Bk mE AT Al TSR SR
<Table 10>3} 2t} ob22|7] §¥7} dxe =g
% 7rgkel 714 ¥-& ORDSO-E Zdlo] 713 2 7}
&= S HolH, Zagke] STl w2t w2 7}
S5 S Ushla ok ®ZE Zdo] A
S7tl met TR Sl dgHlE R S8k
& vehhar gl

(Table 10) Maximum acceleration based on
the stiffness value
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(Fig. 12) Maximum acceleration ratio
based on the stiffness value

4%kl we HdT +H7145% RMSE <Table
11> Yehi ek Azl me 4935 F97i:
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(Table 11> Acceleration RMS based on the

(unit : m/sec®) stiffness value  (unit : m/sec?)
Model | ORD50 | ORD50 | ORD50 | ORD50 Model | ORD50 | ORD50 | ORD50 | ORD50
K, E F G | H K, E F G | H

1,200 1.857 1.766 1.740 1.716 1,200 0.532 0.519 0.510 0.504
1,400 1.868 1.774 1.748 1.724 1,400 0534 0521 0512 0.507
1,600 1.879 1.782 1.756 1.732 1,600 0.536 0523 0.515 0.509
1,800 1.890 1.789 1.764 1.739 1,800 0.539 0.526 0517 0511
2,000 1.901 1.797 1.771 1.747 2,000 0.541 0.528 0.519 0.513
2,200 1911 1.805 1.778 1.754 2,200 0.543 0.530 0521 0.515
2,400 1.921 1.812 1.786 1.761 2400 0.545 0.532 0523 0517
2,600 1.931 1.820 1.793 1.768 2,600 0547 0534 0.525 0.519
2,800 1.941 1.830 1.799 1.775 2,800 0.549 0.536 0.527 0521
3,000 1.950 1.839 1.806 1.782 3,000 0.551 0.538 0.529 0523
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HAALe Aol 2500kN o sec/m Ed
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(Fig. 13) Maximum acceleration ratio
based on the stiffness value
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