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Control Performance Evaluation of Outrigger Damper System of
Eccentrically Loaded High-Rise Building
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Abstract

The demand for skyscrapers is increasing worldwide. Until now, various lateral resistance structures have been used for
lateral displacement control of high-rise buildings. An outrigger damper system has been introduced recently to improve
lateral dynamic response control performance further. However, a study of outrigger damper system is yet to be sufficiently
investigated. In this study, time history analysis was performed to investigate the control performance of an outrigger
damper system of high-rise building under eccentric loading. To do this, an actual scale 3-dimensional tall building model
with an outrigger damper system was prepared. The control performance of the outrigger damper system was evaluated by
varying stiffness and damping values. On the top floor torsional angle response to the earthquake load, was greatly
affected by damping value. And the displacement response was affected greatly by the stiffness value and damping value
of damper system. In conclusion, it is necessary to select the proper damping and stiffness values of the outrigger damper

system.
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Core wall

(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)
Section Column | H 498 x 432 x 45 / 70
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

| Q] o o
Model 85| damper ping
presence resence value value
P (kN/m) (kN-sec/m)
NOR )
OR i ) -
ORD - AX 10,000
ORD - BX 15,000 20,000~
] 300,000
ORD - CX 20,000
ORD - AY 10,000
E— @
20,000~
ORD - BY o) )
— PO 300000
ORD - CY 20,000
ORD - AR 10,000
ORD - BR| 10,000~
ORD - BR ,
15,000 640,000
ORD - CR 20,000
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(Table 3) Analysis model with changes in stiffness
value

Outrigeer Outrigger cllj inr stiffie:ssln
Model &8 damper amping
presence | @ e value value
p (kN-seC/m) (kN/m)
NOR -
OR ) ) )
ORD - DX 10,000
200,000~
ORD - EX ’
15000 3,000,000
ORD - FX 20,000
ORD - DY 10,000
O 200,000~
ORD - EY O 15,000 3,000,000
ORD - FY 20,000
ORD - DR 10,000
1,000,000~
RD - ER
ORD 15,000 64,000,000
ORD - FR 20,000
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(Table 4) Torsional angle of the basic model the top
floor

Maximum
torsional angle
Model Data Ratio
(10" *rad) (%xmo%)
NOR 0.932 1139
OR 0.818 100

(Table 5) X Dir. & Y Dir. dynamic response
of the basic model the top floor

Maximum Maximum
displacement displacement
(X Dir.) (Y Dir.)
Model
Data Ratio Data Ratio

Model Model
(m) ( OR x100%)| (m) ( OR x100%)

NOR | 0.7974 100.1 0.7556 102.3

OR |0.7968 100 0.7385 100
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(Table 6) Maximum torsional angle based on the
damping value (unit : <10 3rad)
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(Fig. 4> Maximum torsional angle ratio
based on the damping value
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HH Y TS <Table 7, 8> e ATE X3k
A9 HA W= 7 Zke] 300,000kN-sec/m Y
o] ORD-AXE 2] W27} 0.7668mZE 7} 2Fe <

¢ Model \or | or Oi'lé - OI;E - 01&12 - ol Lrehg).

10,000 0753 | 0.753 | 0.753

45,000 0748 | 0748 | 0748 (Table 7) X Dir. maximum displacement based on the
780,000 0746 | 0746 | 0746 damping value (unit : m)

115,000 0745 | 0.745 | 0.744 Mode[ [ . [ORD -[ORD -[ORD -
150,000 0742 | 0743 | 0.743 c, AX | BX | ©x
185,000 0741 | 0741 | 0.741 20000 0.8006 | 0.8006 | 0.8006
_ 220000 | 0.738 | 0.738 | 0.739 40000 | 07970 | 07970 | 0.7971
_ 2500 | 073 | 073 | 0736 60000 | 07940 | 07941 | 07942
_ 20000 | 0755 | 0734 | 0.734 80000 | 07913 | 07915 | 0.7916
325000 | 0932 | 0818 | 0.731 | 0.731 | 0.731 ]

360,000 0729 | 0729 | 0729 _ 100000 | 07889 | 0.78%0 | 0.7892
35000 | 07%6 | 0727 | 07 120000 0.7863 | 0.7866 | 0.7868
430,000 0724 | 0.724 | 0.725 140000 07842 | 0.7843 | 0.7846
465,000 072 | 0722 | 0722 160000 | 0.7974 | 0.7968 | 0.7815 | 0.7819 | 0.7822
500,000 0719 | 0.720 | 0.720 180000 0.7797 | 0.7799 | 0.7800
535,000 0717 | 0717 | 0.718 200000 0.7774 | 0.7779 | 0.7782
570,000 0715 | 0715 | 0715 220000 07754 | 07757 | 07761
605000 | 0712 | 0713 | 0713 240000 | 07732 | 07737 | 07741
640,000 0710 | 0.711 | 0.711 —

260000 0.7711 | 0.7716 | 0.7720

<Fig. 4>= OREHS 7|07 HA= HEYZ 280000 0.7689 | 0.7694 | 0.7700
H 2 Yepd Aoltt 73ke] SVl wmet viE 300000 0.7668 | 0.7673 | 0.7679
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(Table 8 Y Dir. maximum displacement based on the
damping value (unit : m)
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(Fig. 6) Y Dir. maximum displacement ratio
based on the damping value

o Nor | or | OR 7 O O ohg27 Wsiel 2A(C)t D8 @ ), 2
20000 0.7402 | 0.7400 | 0.7398 (Kol e HES Hd HISH4= <Table 9>
40000 0.7365 | 0.7364 | 0.7364 Jenn ok
60000 0.7329 | 0.7329 | 0.7329 <Table 9>& ®wW 73A%ko] 1,000,000kN /m
80000 0.7293 | 0.7295 | 0.7295 mjo]] ORDEE ] BIE&Z}o] 0.753% 10 *rad 2 H
100000 0.7260 | 0.7261 | 0.7263 Azro 2 Vet
120000 0.7223 | 0.7227 | 0.7230

_ 14000 0.7154 | 07155 | 07200 (Table 9> Maximum torsional angle based on the

160000 | 0.735% | 0.7385 | 0.7157 | 0.7163 | 0.7168 stiffness value (unit : <10 *rad)
180000 0.7125 | 0.7131 | 0.7134 i 0 TorD oD
200000 0.7091 | 0.7099 | 0.7106 K, NOR | OR DR R R
220000 0.7060 | 0.7067 | 0.7076 1,000,000 0753 | 0753 | 0753
240000 07029 | 0.7037 | 0.7044 4500000 | 0758 1 0758 | 0758
260000 0.6997 | 0.7007 | 0.7016 8,000,000 0761 | 0.761 | 0.761
280000 0.6964 | 0.6976 | 0.6986 11,500,000 0762 | 0.762 | 0.762

“ 300000 | 06933 | 0.6944 | 0.6956 15,000,000 0763 | 0.763 | 0.763

18,500,000 0764 | 0.764 | 0.764
22,000,000 0.765 | 0.765 | 0.765
25,500,000 0.765 | 0.765 | 0.765
29,000,000 0765 | 0.765 | 0.765

£ -~ 32,500,000 | 0932 | 0818 | 0766 | 0.766 | 0.766

|5 ~—_ 36,000,000 0.766 | 0.766 | 0.766
§ \\\\ 39,500,000 0.766 | 0.766 | 0.766

5 S —— 43,000,000 0.766 | 0.766 | 0.766
E g N 46,500,000 0.766 | 0.766 | 0.766

£ | omo-ax ——om.sx 50,000,000 0766 | 0766 | 0766

: om0 -cx 53,500,000 0767 | 0.767 | 0.767

B - I I R 57,000,000 0.767 | 0.767 | 0.767
Cd (x10% kN*sec/m) 60,500,000 0767 | 0.767 | 0.767
(Fig. 5 X Dir. maximum displacement ratio 64,000,000 0.767 | 0767 | 0.767

based on the damping value
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(Fig. 7> Maximum torsional angle ratio
based on the stiffness value

(Table 10> X Dir. maximum displacement based on
the stiffness value (unit : m)

Model - - -
X Nor | or |90 |90 7|90

200000 0.8006 | 0.8006 | 0.8006
400000 0.7970 | 0.7970 | 0.7971
600000 0.7940 | 0.7941 | 0.7942
800000 0.7913 | 0.7915 | 0.7916
1000000 0.7889 | 0.7890 | 0.7892
1200000 0.7863 | 0.7866 | 0.7868
1400000 0.7842 | 0.7843 | 0.7846
1600000 | 0.7974 | 0.7968 | 0.7815 | 0.7819 | 0.7822
1800000 0.7797 | 0.7799 | 0.7800
2000000 0.7774 | 0.7779 | 0.7782
2200000 0.7754 | 0.7757 | 0.7761
2400000 0.7732 | 0.7737 | 0.7741
2600000 0.7711 | 0.7716 | 0.7720
2800000 0.7689 | 0.7694 | 0.7700
3000000 0.7668 | 0.7673 | 0.7679
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(Table 11> Y Dir. maximum displacement based on
the stiffness value (unit : m)

Model - - -
K, NOR | OR Ogg OREB ORF:?

200000 0.7356 | 0.7352 | 0.7348
400000 0.7322 | 0.7320 | 0.7317
600000 0.7299 | 0.7297 | 0.7295
800000 0.7281 | 0.7280 | 0.7279
1000000 0.7267 | 0.7266 | 0.7265
1200000 0.7255 | 0.7254 | 0.7253
1400000 0.7244 | 0.7244 | 0.7243
1600000 | 0.7556 | 0.7385 | 0.7235 | 0.7235 | 0.7235
1800000 07227 | 0.7227 | 0.7227
2000000 0.7220 | 0.7220 | 0.7220
2200000 0.7214 | 0.7214 | 0.7213
2400000 0.7208 | 0.7208 | 0.7208
2600000 0.7203 | 0.7202 | 0.7202
2800000 0.7198 | 0.7197 | 0.7197
3000000 0.7193 | 0.7193 | 0.7193
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