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Performance Evaluation of Wind Response Control of High-Rise Buildings
by Damping and Stiffness of Outrigger Damper System

)

Park, Kwang—Seob

Abstract

Recently, the concept of an outrigger damper system with a damper added to the existing outrigger system has been
developed and applied for dynamic response control of high-rise buildings. However, the study on the structural
characteristics and design method of Outrigger damper system is in the early stages. In this study, a 50 story high - rise
building was designed and an outrigger damper system with viscoelastic damper was applied for wind response control.
The time history analysis was performed by using the kaimal spectrum to create an artificial wind load for a total of 1,000
seconds at 0.1 second intervals. Analysis of the top horizontal maximum displacement response and acceleration response
shows that outrigger damper systems are up to 28.33% and 49.26% more effective than conventional outrigger systems,
respectively. Also, it is confirmed that the increase of damping ratio of dampers is effective for dynamic response control.
However, since increasing the damping capacity increases the economic burden, it is necessary to select the appropriate

stiffness and damping value of the outrigger damper system.

Keywords : Outrigger damper system, Tall building, Artificial wind loads, Dynamic response control, Visco elastic damper
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(Table 1) Specification of analytical model

Variable Specification
Height(m) 250(5m X 50 Stories)
Principal place XYZ plane
Height(m) 5
Core Thickness(m) 0.55
Structure Concrete(35MPa)
Location 16F, 35F
Outrigger Thickness(m) 0.2
Material SM570TMC
Material Column SMB70TMC
Beam
) Column H - 620X600X60/70
Section
Beam H - 700X300X13/24
Wind load End time(s) 1,000
Time increment(s) 01
dEo w0l 1 oY= viToR
AZsHom, $1x= McNabb & Muvdi(1975)7F
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SVNE FABIR ™ <Fig. 3>l YERAAT:

(Fig. 2) Analytical model
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(Table 2> Wind load (Unit : kN)

Floor 10th 20th 30th 40th 50th

Wind load 5649 6331 6756 7066 7346

obxEIA A Aol e Hye WY &
A2 AU WFE FAA7 AUAE Fdte] F
NUAE A7) A'd W9 (Visco elastic
dampen)Z, A8 2z3 A 77 HEE A
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(Table 3) Analysis model with changes in damping

Damper 6es
. Outrigger . i
Model Outrigger damper stiffness damping
presence esence value valte
P (kN/m)
(d\Fsec/m)
NOR - - - -
OR - - -
_ORDAX 20,000
ORD-AY O o ’ 10,000
ORD-BX 40000 ~46,000
ORD-BY ’

(Table 4) Analysis model with changes in stiffness
value

obEA WH e ()t (k) %kl s
o M2 FIH Alo] 45 Yol y] 95t ok
A7} AAHA S
29 OREH S 7|8 2d2 AAsi3ch Q13 &3t
T T2 7 AR dgstd 1,000% &< ARE
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<Table 5, 6>9] YERAAT.

(Table 5) X & Y Dir. the top floor maximum
horizontal displacement response

X Y

Dir.
Data Ratio Data Ratio
Mode!
(m) (%) (m) (%)
NOR 0.62 100 0.78 100
OR 052 83.87 0.59 75.64

(Table 6) X & Y Dir. the top floor maximum
horizontal acceleration response

Changes
in
. Outrigger ~ Damping
Model ;):eseigceg damper value j ﬁffnlesz
presence  (KNfsec/m) value
(KN/m)
NOR - - - -
OR - - -
ORD-CX
— 20,000
ORD-CY O O 10,000
ORD-DX 40,000 ~46,000
ORD-DY ’

X Y

() Wzt mE F&H Ao} Aes &
ofR 7] st wHeO T (q)Fkel 10,000~
46,000kN*sec/m7}4] 4,000kN*sec/m 7+AS2 ™
sl wf Z3A(x)Fkel 20,000kN/m<l ORD-AX,
ORD-AY =23, 40,000kN/m¢! ORD-BX, ORD-BY
RS AT A (k) wY wigtl e F&
o Al s Goliy] $8te W] (k) 7k
o] 10,000~46,000kN/m7}4]  4,000kN/m7tA 2.2
W3}k wf) 7+4(¢) kel 20,000kN*sec/me] ORD-CX,
ORD-CYR2 3,  40,000kN*sec/m¢]  ORD-DX,
ORD-DYRH-S A8tk AA(K)#% 74

Mode Dir. Data2 Ratio Data2 Ratio
(m/sec) (%) (m/sec) (%)
NOR 24 100 282 100
OR 229 9542 27 95.74
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(Table 7> X Dir. maximum displacement

based on the damping value Unit )
Model

N NOR OR ORDAX ORDBX
10,000 0.61 0.65
14,000 0.56 061
18,000 052 058
22,000 049 055
26,000 047 052
oo 082 0% i .
5+000 043 048
35,000 042 0.46
42,00 041 0.44

46000 040 043

(Table 8> Y Dir. maximum displacement
based on the damping value (Unit : m)

Car NOR OR ORD-AY ORD-BY
10,000 052 0.56
14,000 050 0.55
18,000 049 053
22,000 048 051
26,000 047 050
30,000 078 060 046 048
34,000 045 047
38,000 044 046
42,000 043 044
46,000 043 044
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(Fig. 4> X Dir. maximum displacement ratio
based on the damping value
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(Fig. 5) Y Dir. maximum displacement ratio
based on the damping value
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(Table 9> X Dir. maximum displacement

based on the stiffness value (Unit : m)
\w
NOR OR ORD-CX  ORD-DX
Koenv/m)
10,000 0.49 041
14,000 049 041
18,000 0.50 042
22,000 051 042
26,000 053 042
30,000 062 053 0.4 043
34,000 0.55 0.44
38,000 0.56 045
42,000 057 0.46
46,000 057 0.46

(Table 10> Y Dir. maximum displacement

based on the stiffness value (Unit © m)
W
NOR OR ORD-CY ORD-DY
Koenvzm)
10,000 048 043
14,000 048 043
18,000 048 0.44
22,000 048 0.44
26,000 0.49 0.44
30,000 078 0.60 0.50 0.44
34,000 051 0.45
38,000 0.52 045
42,000 053 0.45
46,000 0.54 0.46
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(Fig. 6) X Dir. maximum displacement ratio
based on the stiffness value
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(Table 11> X Dir. maximum acceleration
based on the damping value (Unit : m/sec?)

NOR OR ORD-AX ORD-BX
10,000 1.88 207
14,000 176 1.90
18,000 1.67 1.80
22,000 1.60 174
26,000 1.55 1.68
30,000 24 22 1.50 1.63
34,000 144 1.59
38,000 1.38 1.54
42,000 1.36 147
46,000 1.35 143

(Table 12> Y Dir. maximum acceleration
based on the damping value (Unit : m/sec?

c NOR OR  ORD-AY ORD-BY

(kN sec/m
10,000 1.75 1.84
14,000 1.68 178
18,000 1.63 171
22,000 1.58 1.66
26,000 1.56 1.62
30,000 282 270 1.51 1.56
34,000 146 153
38,000 142 1.50
42,000 140 144
46,000 137 142
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(Fig. 8> X Dir. maximum acceleration ratio
based on the damping value
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(Fig. 9) Y Dir. maximum acceleration ratio
based on the damping value
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(Table 13) X Dir. maximum acceleration based

on the stiffness value (Unit : m/sec?
Model
NOR OR ORD-CX  ORD-DX
Kev/m)
10,000 1.60 1.35
14,000 1.61 1.36
18,000 1.62 1.37
22,000 1.65 1.37
26,000 1.68 1.40
30,000 2390 2290 1.71 143
34,000 1.73 1.49
38,000 1.76 148
42,000 1.78 153
46,000 1.79 1.56

(Table 14) Y Dir. maximum acceleration based

on the stiffness value (Unit : m/sec?)
Model
NOR OR ORD-CY ORD-DY
K(A‘N/m)
10,000 1.59 1.37
14,000 1.59 1.39
18,000 1.60 1.40
22,000 1.60 142
26,000 1.61 142
30,000 28200 27000 1.62 143
34,000 1.65 144
38,000 1.67 1.46
42,000 1.70 147
46,000 1.72 151
XA 7R §He ORD-CXEH

ORD-X2d® 2% 7H4gko] 10,000kN/m< o
1.6m/sec’, 1.35m/sec’®] HA 71&% Sgo] e}
wth YWk E ORD-CY=E4 3 ORD-DYE%
B ZHAgko] 10,000kN/m% o) 2z} 1.59m/sec’,
137m/sec’®] A4 7HEE Sl Uehdth

110

1.00

X-Waximum Accelera nratio

Kd (kN/m)

(Fig. 10) X Dir. maximum acceleration ratio
based on the stiffness value
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(Fig. 117 Y Dir. maximum acceleration ratio
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<Fig. 10> OREYE S 7|F
()l mE X 23S }M T%‘ 7
SES HIZ YRl T8zoltt OREY
A 30.13%, 41.05%9 9 7= 37 A
FlstAth <Fig. 11> YW H45
7FEE $9H] agi=2 ORDEE e
41.11%, 4926%9] S5 ARS gs)
I YEF B 73de] o] A 7] F
A 7R SH ATS B §, A5kl
o we} 7= SRl ST FE Bt B
Azko] Z74al| W 7agk 2ol we xaek 7}
&% SHAE 10.92%914 12.23% =% F7Fskiou
HZF SEAE 1004%E =7] A} FAlsH

]o
o il
o2
_LL
td
ruL‘
o

m:*
bz =

N2 E3

PO

= o8 to N

ol
odk

¥ %
© x

Uehdth YHEE J1EE S93tE 8.15%0A]
7.78% 2.2 A7sle vlwd A A FA = ATh

4. ==
B Ao e

2Hllo] Fatzol disk

A Ak ziza;gavhdas Gen Ver 860)3 AF%

st 505 Tt




I SEE 448 T, ORed Al 3

) okEA Wl Bl B el e
o

S7kske el vehgtew, 3% el Sl
= %?rt& TR X H3s A E Wl
S5ol OREH ] 3 W9 SHS A3
3) 7“*%% Aol g W9l B 7MEE SHARE A
ol 11.32%, 83% % YegteH, gkl 7kl
w2t gk Aol me e S s SH
A7F gty 21k Al we w9l 8 k=

o] S¥Al= A 20.75%, 12.23%% A%k Zoll
e $EAEY vwE A Yebgth

4) S AHE BT 29, dHY (K, #*
I 72 (c) ol A 1159 HE 7HAA H4
20% ol’de] Wigl H A7, 129 HIE HAA H
™ 30% olde] 7R S Aol g AR

O

web o} A WHALDE o

o $£ Aot A uuu WS BT
A
o

References

1. Joung, J. W, Kim, J. Y., & Kim, D. Y. (2010).

Semi-active  Structural Control using
Outrigger Damper System. Proceedings of
the Korean Society for Noise and Vibration
Engineering, Republic of Korea, Vol.2010,
No.10, pp.234~235

2. Smith, R. J., & Willford, M. R,
outriggers for tall building", The Arup
Journal, No.3, pp.15~21, 2008

3. Park, G. D, kim, D. Y, Joung, D. K, &
Yang, D. H,

Quality and Conveniency by Applying

“Damped

“Improving Construction

Outrigger Dampers to Outrigger to

Perimeter Column Joints", Review of
Architecture and Building Science, Vol.53,
No.8, pp.30~37, 2009

4. Smith, R. ]J., & Willford, M. R., “The damped
outrigger concept for tall buildings”, The
Structural Design of Tall and Special
Buildings, Vol.16, No.4, pp.501~517, 2007

5. Nanduri, R. K,, Suresh, B., & Hussain, I,
"Optimum Position of Outrigger System for
High-Rise Reinforced Concrete Buildings
Under Wind and Earthquake Loadings",
American Journal of Engineering Research,
Vol.2 No.8, pp.76~89, 2013

6. McNabb, J. W, & Muvdi, B. B, "Drift

belted high-rise

Vol.12,

reduction factors for

structures”, Engineering journal,

No.3, pp.88~91, 1975

®m Received : June 29, 2018
: July 04, 2018
® Accepted : July 04, 2018

m Revised

48 _H 18H H4T SH 743, 2018. 12




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


