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Performance Evaluation of Seismic Response Control of Outrigger Damper
System with Variation of Damping and Stiffness
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Abstract

In recent years, an outrigger damper system has been proposed to reduce dynamic responses of tall buildings.
However, a study on outrigger damper system is still in its early stages. In this study, time history analysis was
performed to investigate the dynamic response control performance of outrigger damper. To do this, a actual scale
3-dimensional tall building model with outrigger damper system has been developed. El Centro earthquake was
applied as an earthquake excitation. The control performance of the outrigger damper system was evaluated by
varying stiffness and damping values. Analysis results, on the top floor displacement response to the earthquake
load, was greatly effected by damping value. And acceleration response greatly was effected by stiffness value of
damper system. Therefore, it is necessary to select that proper stiffness and damping values of the outrigger
damper system.
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(Fig. 3) Outrigger damper locations

(Table 1) Specification of analytical model

Variable Specification
Height 5m x 50story = 250m
Principal plane XYZ plane
Height 5m
Core Thickness 0.4m
Structure Concrete
Beam SM570TMC
Material Column SM570TMC
Outrigger SM570TMC
Thickness 0.2m
Outrigger | Structure Wall type
Location 0.525h = 135m (27F)
) Column | H 498 x 432 x 45 / 70
Section
Beam H912 x 302 x 18 / 34
1st mode 5.2690 sec
Main mode | 2nd mode 5.0907 sec
3rd mode 1.1051 sec
Slenderness ratio 17
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(Table 2) Analysis model with changes in damping
value

. Damper |Changes in
Outrigger Outrigger stiffness | damping
Model damper ol A
presence | o | Value value
p (kN/m) (kN-sec/m)
NOR -
OR ) - )
ORD -
10,000
AX 2,000~
ORD - 46,000
BX 0 5 20,000
ORD - 10,000
AY ! 2,000~
- 46,000
OI;B 20,000

kel E‘iﬁ‘rdl e 5“4*&% =l

~ 220,000kN /m
2 8 H(C)Rk 10,000kN-sec/m, 20,000
S skt

Ao
48
EELERLE

(Table 3) Analysis model with changes in stiffness
value

. (Changes in| Damper
. Outrigger . .
Model Outrigger damper dar;llpmg shJ;flness
presence | . .| value value
p (kN-sec/m) (kN/m)
NOR -
OR ) - )
ORD -
10,000
BX 2,000~
- 220,000
OIg() o 20,000
— O
ORD - 10,000
BY ' 2,000~
- 46,000
ORC?{ 20,000
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(Table 4) X Dir. Dynamic response of the basic
model the top floor

Maximum
displacement

Maximum
acceleration
Data Ratio Data Ratio
(m) (%) (m/sec) (%)
NOR 0.701 1129 7.014 110.6

OR 0.624 100 6.338 100

Model

(Table 5) Y Dir. Dynamic response of the basic
model the top floor

Maximum
displacement

Maximum
acceleration
Data Ratio Data Ratio
(m) (%) (m/sec?) (%)
NOR 0.641 104.6 10.523 1247

OR 0.612 100 8433 100

Model
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(Table 6 X Dir. Maximum displacement based on the
damping value (unit : m)

Model ORD - | ORD -
c, NOR OR AX BX
2000 0.742 0.720
6000 0.719 0.69
10000 0.697 0.681
14000 0.675 0.663
18000 0.64 0.646
22000 0.634 0.630
26000 0701 0.624 0.615 0.615
30000 0.59 0.599
34000 0.578 0.584
38000 0.560 0570
42000 0.544 0.556
46000 0.527 0.542

(Table 7) Y Dir. Maximum displacement based on the
damping value (unit : m)

Model ORD - | ORD -

c NOR | OR AY BY
2000 0607 | 0609
6000 059 | 0597
10000 0584 | 0588
14000 0573 | 0578
18000 0562 | 0569
22000 0552 | 0560
o000 | | 02 Tosp o
30000 0532 | 0542
34000 052 | 0534
38000 0513 | 0525
42000 0505 | 0517
46000 04% | 0510
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(Fig. 4) X Dir. Maximum displacement
ratio based on the damping value
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(Table 8) X Dir. Maximum acceleration based on the

damping value (unit : m/sec?)

Model ORD - | ORD -
c, NOR OR AX BX

2000 8.361 8.568
6000 7.085 7.386
10000 6.348 6.649
14000 5.879 6.158
18000 5.650 5.808
22000 5.460 5.597
26000 7014 6338 5.282 5.442
30000 4984 5.295
34000 4962 5.156
38000 4.820 5.026
42000 4.689 4903
46000 4.558 4.788

(Table 9 Y Dir. Maximum acceleration based on the

damping value (unit : m/sec?)
Model ORD - | ORD -
c, NOR OR AY BY

2000 9.741 9.751
6000 9.327 9.380
10000 8.979 9.062
14000 8.688 8.791
18000 8.443 8.558
22000 8.237 8.359
26000 10523 8433 8.063 8.188
30000 7927 8.041
34000 7.785 7913
38000 7.682 7.802
42000 7546 7.705
46000 7444 7.620
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ORD-DX, ORD-DY 24 =% ZFAZS 571 A2
= 45 A 89 SRt Bt Fkske AL
T AUtk

(Table 10> X Dir. Maximum displacement based on

the stiffness value (unit : m)

X Model NOR OR OIS(D - ng -
2000 0.709 0.645
20000 0.681 0.638
40000 0.657 0.627
60000 0.634 0.613
80000 0.615 0.598
100000 0.601 0.588

— 0701 0.624
120000 0.590 0.578
140000 0.582 0.570
160000 0.589 0.578
180000 0.595 0.585
200000 0.599 0.591
220000 0.602 0.598

(Table 11> Y Dir. Maximum displacement based on

the stiffness value (unit : m)

X Model NOR OR Olél; - Ogs -
2000 0.579 0.549
20000 0.588 0.564
40000 0.609 0.585
60000 0.629 0.608
80000 0.642 0.624
100000 0.653 0.638
120000 Ol ) 062 0661 | 0649
140000 0.668 0.657
160000 0.672 0.663
180000 0.676 0.667
200000 0.679 0.671
220000 0.681 0.676
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(Fig. 8) X Dir. Maximum displacement
ratio based on the stiffness value
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(Table 12) X Dir. Maximum acceleration based
on the stiffness value (unit : m/sec?®)

Model ORD - | ORD -
K, NOR OR X DX

2000 6.087 5.598
6000 6.219 5.661
10000 6.348 5.718
14000 6472 5.782
18000 6.592 5.879
22000 6.706 5.975
26000 7014 6.338 6.815 6.070
30000 6918 6.164
34000 7.016 6.256
38000 7107 6.347
42000 7.194 0.436
46000 7274 6.522

(Table 13> Y Dir. Maximum acceleration based on the
stiffness value (unit : m/sec?)

Model ORD - | ORD -
K, NOR OR oy DY
2000 8.901 7.689
6000 8.942 7.739
10000 8979 7.787
14000 9.014 7.833
18000 9.047 7.876
22000 9.077 7916
26000 10523 8433 9.105 7.955
30000 9.131 7.991
34000 9.155 8.026
38000 9177 8.059
42000 9.198 8.090
46000 9217 8119
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(Fig. 10) X Dir. Maximum acceleration
ratio based on the stiffness value
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