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Modified Proposal for Optimal Location of Offset Outrigger System in High-rise

Building

Hyong-Kee Kim'*

Abstract: This research aimed to propose the more proper equation than the leading and existing equations to predict the optimum location of offset

outrigger. In this study, a 79 existing models of offset outrigger system were examined. And the key factors in the existing offset outrigger models
were the stiffness of shear wall and offset outrigger system, the stiffness of exterior column connected in offset outrigger, the frame stiffness, the ratios
of lateral stiffness of frame in shear wall-frame structures, and all that. This paper proposed the modified equation of predicting the optimal location
of offset outrigger system. Additionally, the findings of this study provided the important structure engineering materials of the optimal offset outrigger

position in tall building.
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Table 1 Leading factors of this research

Model Outrigger location Stiffness Remarks
Model name . - N 3 X
numbers in plan Shear wall Outrigger Column linked in outrigger Frame
0.1EI 0.1EL, 0.1EA, 0.1El;
. 0.2EI 0.2EL, 0.2EA, 0.2El;
O“tr‘%goigfz“ems 0.5EI 0.5EI, 0.5EA. 0.5EI,
25 1 span distance 1.0EL! 1.0EL," 1.0EA,' 1.0EL;"! -
fmﬁl <hear wall 2.0EI 2.0EL, 2.0EA, 2.0El;
5.0E] 5.0EL, 5.0EA, 5.0El;
A 10.0EI 10.0EIL, 10.0EA, 10.0EI;
0.1EI 0.1EL, 0.1EA, 0.1El;
. 0.2EI 0.2EL, 0.2EA, 0.2El;
O“tr‘%goigfz“ems 0.5EI 0.5EI, 0.5EA. 0.5EI,
25 5 span distance 1.0EL! 1.0EL," 1.0EA,' 1.0EL;"! -
fmﬁl <hear wall 2.0EI 2.0EL, 2.0EA, 2.0El;
5.0E] 5.0El, 5.0EA, 5.0El;
10.0EI 10.0EIL, 10.0EA, 10.0EI;
0.2EI,
0.5EL,
5 i 1 OEID*I ) ) Stanc;?gi eflrame
Outrigger systems 2.0EI,
locate 5.0EI,
B .
1 span distance 0.2El,
from shear wall
O‘SEIO*I Strong frame
5 - 1.0EL, ] - -
2.0EI, mode
5.0EL,
0.1EL,
. 0.2EI 0.2EL, 0.2EA, 0.2El;
O“tr‘ﬁgoe;fz“ems 0.5EI 0.5EI, 0.5EA. 0.5EI,
C 19 1 span distance 1.0EL! 1.0EL," 1.0EA,' 1.0EL;"! -
fmﬁl <hear wall 2.0EI 2.0EL, 2.0EA, 2.0El;
5.0E] 5.0El, 5.0EA, 5.0El;
10.0EL,

(Note) ™': basic model

Fig. 1 Offset outrigger model that located 1 span distance from

shear wall(A model)
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Fig. 2 Offset outrigger model that located 2 span distance from
shear wall(A model)



Fig. 4 Offset outrigger model(C model)
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Fig. 5 Data distribution of analysis models according to ®
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Table 2 Statistics of Xgn/Xana by smith's model about optimal
outrigger location

Table 3 Statistics of Xe/Xana by existing model about optimal
outrigger location

Outrigger kind Nuglﬂggg of Average ggﬁg‘ﬁ;ﬁ% /f)))f Outrigger kind Nug(l;g:j of Average Sgﬁg‘%ﬁ% /f)))f

Core 54 0.696 19.8 Core(A, B) 35 0.941 124

Offset 79 0.702 25.5 Core(C) 19 1.007 49

Total 133 0.699 23.3 Core(A, B, C) 54 0.964 10.7

Offset(A, B) 60 0.849 14.2

Offset(C) 19 0.995 5.5

20 Offset(A, B, C) 79 0.844 142

18 © Offset outrigger Total 133 0.917 13.4
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Fig. 7 Comparison of analysis results and smith's model about
optimal location of outrigger according to o
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Fig. 8 Comparison of analysis results and smith's model about
optimal location of outrigger according to SRy
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Table 4 Statistics of Xe/Xana by existing method about optimal
offset outrigger location in case that SR is more than 0.9

Model numbers Coefficient of variation (%)

42 0.786 8.7

Average
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Fig. 11 Comparison between the analysis results and the regression
analysis equation about the differences of optimum location between
core outrigger and offset outrigger
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Table 5 Statistics of Xpro/Xana by proposed model about optimal
outrigger location

Table 6 Statistics of Xn/Xana, Xex/Xana and Xpro/Xana by smith's
method, existing method and proposed method about optimal offset
outrigger location in case that SRy is more than 0.9

Outrigger kind Numbers of Average Coefficient of -
model variation (%) Method Model numbers Average CO‘?fﬁFlenf, of
variation (%)
Core(A, B) 35 1.033 10.0 Smith 4 0.563 91
Core(C) 19 0.966 13.6 Existing 42 0.786 8.7
Core(A, B, C) 54 1.010 11.6 Proposed 42 0.954 8.5
Offset(A, B) 60 1.008 12.4
Offset(C) 19 1.021 12.1 T2 HHXE 0ok AT TR VIE(SRYS T
7ol w2 W=} §lo) A ek} o =5 B 2= 0)
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Total 133 1.011 12.0

©  Core outrigger
18 @ Offset outrigger

® o o © 8

12 1o © °
g 9, °
H 3 e
5 0 gsggg e © o 4 ° °

8

8e.7¢ °
ol . o

0.8 -

°
0.6 °
0.4 -
(Note)
02 Xpro : Optimal location by proposed model

Xana : Optimal location of analysis results

0.0

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Fig. 12 Comparison of analysis results and proposed model about
optimal location of outrigger according to

o Core outrigger

18 @ Offset outrigger

1.6

14

12 8 .% °
H
: g o s §
2, i § 8° ¢ o8 25
2 ° 14 3 ®
2 ° L] ° ‘
" ° °

0.8

° °
0.6 ¢
0.4
(Note)
02 - Xjpro : Optimal location by proposed model

Xana : Optimal location of analysis results

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
SRy

Fig. 13 Comparison of analysis results and proposed model about
optimal location of outrigger according to SRy

7 23A o} 2] A Tz0) 842 Ao} Bol Ta 2 7$)%)
o] )41 A7}e} Wl EEFR A 7he] 7] AIQHI L 21 4% A
ol 9151 2 0.2 UEREA|RE, B 7o) Aok e o) 4]
AR} 4.6% Aol 1151 AkE 1Y) o2 24T
20| 3373 Wl ge] 2710 B 2ol & UEhiE A glo]
ElcE S BEE LR RES PEEEEESEERE
£ g 239t

4. 8 E

B =olAe BHo e o Al ofR A Frxe] HF
AAZ AANG FH L2 oA T2l A A o2 A
Z] oro g |eo] £ So] FAHSFE AYP QT
obRE|A T2 SRS vt 7= e ARE &
H3te] ofzle} Ae ¢ =3I

1) LA o} A x| H A A E 5ol QoA 3
20 F73 HIE0] 0.9 o)) HE 7ol A= Smith
I A AT AR 7] 0] R 8 41 A 2} v alste]
44%2}21% "ol Sl= AxE Bl

2) & A7elAd= 1 Zo| St vlaste] Ad=e| Agstol
ek A2} e =8 =20 934 gl #
Algiel ih‘-ilziom A 2 opx) A T3] HZ
HAAE 53z e AASIIHE:

References

1. Architectural Institute of Korea. (2016). Korean Building
Code-Structural (in Korean).

2. Kim, H. (2017a). Effect of Shear Wall Stiffness on Optimal
Location of Outrigger in Offset Outrigger System of High-rise

J. Korea Inst. Struct. Maint. Insp. 43



Building, Journal of the Regional Association of Architectural
Institute of Korea, 19(3), 95-102 (in Korean).

3. Kim, H. (2017b). Analysis on Effect of Frame Stiffness on Optimum
Outrigger Position in High-rise Offset Outrigger System, Journal of
the Regional Association of Architectural Institute of Korea, 19(4),
121-128 (in Korean).

4. Kim, H. (2017c). Investigation of Optimal Outrigger Location of
High-rise Offset Outrigger System, Journal of the Korea Institute

Jor Structural Maintenance and Inspection, 21(6), 16-24 (in
Korean).

5. Kim, H. (2019a). Effect of Shear Wall Stiffness on Optimal
Location of Core and Offset Outrigger Considering Floor
Diaphragm, Journal of the Korea Institute for Structural
Maintenance and Inspection, 23(5), 37-47 (in Korean).

6. Kim, H. (2019b). Proposal for Optimal Outrigger Location
Considering Stiffness of Frame, Journal of Architectural Institute of
Korea, 35(9), 183-190 (in Korean).

7. Kim, H. (2019c¢). Proposal for Optimal Position of Offset Outrigger,

Journal of the Korea Institute for Structural Maintenance and
Inspection, 23(6), 84-91 (in Korean).

8. Kim, J., Park, Y. (2003). The Structural Design of High-rise
Building, International Seminar of Tall Buildings and Urban
Habitat, Architectural Institute of Korea, 64-74 (in Korean).

9. Lee, S., Kim, H. (2018). Structural Analysis for Determination of
Optimal Outrigger Location in Core and Offset Outrigger System,
Journal of the Regional Association of Architectural Institute of
Korea, 20(5), 45-52 (in Korean).

10. Midas IT. (2018). MIDAS GEN, Analysis & Design.

11. Smith, B., Salim, 1. (1981). Parameter Study of Outrigger-braced

Tall Building Structures, Proceedings of the American Society of
Civil Engineers, 107(10), 2001-2014.

Received : 07/25/2020
Revised : 09/25/2020
Accepted : 09/25/2020

2 A EATee
7970 712 2324
744, QA o} A A
7 720 AHGAE NS PHE
FEFIARE ATV,

NGO QI o} A aw, A A, Ea| o) $5 g

QA o} A T2 HH YA E o 2= E
”Tﬂﬂ?zAﬂ“Dﬂ°ﬂE&%4zaLﬂzo

Q1 7|24 e} A8 2 AHsHe) BAjo] glek. o] Aol A

A oF5:2)A Belol o] F-28 W ATz @ = ol 22l e
A1) 720 90 5890 ol i 2 0 ok

oZi
ol o
_8.
2
E
ok o
pate
£ o
&
o
e
re
-
o & =
i
A
r ]r
B
111
o[NI
o
K
>
L
Mo
AC)
Y
-
BN
Lo
N
%
N
=2
2
ol
of
fo
ol

=27 M 243 A 55 (2020. 10)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


