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Abstract - This paper is the sequel of a companion paper (I. Seismic Design) for design and assessment of the torsional irregular
structure using ASCE 7-10 criteria. This study evaluates the influence of torsional provisions on the performance of the designed
steel moment frame with different eccentricity, taking the collapse probability as performance metric using the methodology in
FEMA P695. The result show that torsional irregular structure designed according to ASCE 7-10 has an excessive seismic
performance and the collapse strength is low as the eccentricity increases. To make the design reasonable, a new design approach
is proposed in this study.
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Table 1. Probability of collapse for the model structure for comparison of design Type-X and design Type-O

Arch. ID Sy [y Spp CMR SSF P(CollapselSy,;)|  Pass / Fail
3-TP1 1.14 5.64 1.52 1.33 1.33 0.15 Pass
3-TP2-O 1.14 5.63 1.60 1.40 1.33 0.13 Pass
3-TP3-O 1.14 6.49 1.70 1.49 1.36 0.11 Pass
3-TP4-O 1.14 6.60 2.40 2.11 1.36 0.04 Pass
3-TP5-O 1.14 6.15 3.60 3.16 1.35 0.01 Pass
3-TP2-X 1.14 5.75 1.40 1.23 1.34 0.18 Pass
3-TP3-X 1.14 5.14 1.40 1.23 1.31 0.18 Pass
3-TP4-X 1.14 4.57 1.20 1.05 1.29 0.25 Fail
3-TP5-X 1.14 3.75 0.80 0.70 1.26 0.47 Fail
9-TP1 0.51 4.51 0.71 1.41 1.29 0.14 Pass
9-TP2-O 0.51 3.99 0.64 1.26 1.27 0.19 Pass
9-TP3-O 0.51 4.09 0.70 1.39 1.27 0.15 Pass
9-TP4-O 0.51 4.61 0.93 1.83 1.29 0.08 Pass
9-TP2-X 0.51 4.46 0.62 1.23 1.29 0.19 Pass
9-TP3-X 0.51 3.14 0.59 1.17 1.23 0.23 Fail
9-TP4-X 0.51 3.82 0.55 1.09 1.26 0.25 Fail
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Fig. 1. Collapse probability of the model structure for comparison of design Type-X and design Type-O
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Table 2. Probability of collapse for the model structure for new design type

Arch. 1D St b Sop CMR SSF P(CollapselS),;)  Pass/Fail
3-TP4-OM 1.14 8.49 1.70 1.49 1.42 0.14 Pass
3-TP5-OM 1.14 2.77 1.90 1.67 1.21 0.13 Pass
9-TP4-OM 0.51 4.59 0.82 1.61 1.29 0.10 Pass
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Fig. 3. Collapse probability of the model structure for comparison of new dsign type and ASCE 7-10

374 SE7}rzErd] =22 A29d ASE(EE A1503) 20174 104



4000

—8—Design Type O
3500 | =@~ New Design

3000
z
X 2500 |

2000 +

1000

500

0 . R "
Type 1 Type 2 Type 3 Type 4 Type 5
Design Stage

(a) 3 story

4000
=&~ Design Type O
3500 F |=€-- New Design

3000
2500
T

2000

1500
1000
500
0

Type | Type2 Type 3 Type 4
Design Stage

(b) 9 story

Fig. 4. Total steel weights of the moment frames for each design stage for comparison of new design and ASCE 7-10

6. 2 &

# AFolAE MEY MY FREe| 48 AP
Fo T FHTE ojuT YL VLIS 2y
s7] 9fstol, BAY 2717t 2t b2 8% FREN 5 TR
B AT WY 2 o ;H—i% et

A7z AARL B3 5, H]EF'J H| A% A8 o

shgh A AAte) $I3t Felael theke A s
AT Ak TRt Zo| Hed 4= gtk

() FEMA PG95*of A8l 4537k el vl ol

<7t H}EP 20134 ‘41{ 350l S7Fek3en, FEMA
P95 o A Ak A5 Ehatglct

(2) ASCE 7-1079] W5 w4 P28 3t 37152
TGS PEFE FEEEL TG WSS B
fokl A% BAT 59, 35 15 v3Y 1B
9l 3-TP4-0, 3-TP5-0 +X&9] 7% 5%u|7+e] oj
$ 58 JAARE B3Ich £ 63 918Y 94Y 7
229 9-TP4-0 FEEC] A9ol= 4y F2B

9-TP1H T} LFe HIslg s 01 &3 ASCE 7-10"7}
HEY vAY 12 Oﬂ EH6}°1 J} Sy IHZJ*JE,%
Tetchal AeEd, &
e Q1 AA 7] EH??_P Zﬂ%O] %36‘}@.

(3) AT 7|zl 9] 2 A AAE ot &+
Sl Z ) S7IH I ARS tiAl A5 A HAE

AHE-E atE 7o = Ao WA S E S S35t
ot 1 A1} FEMA P695 oA @ Lets 250

WA Shaot B4l BART WA 5718
AT 4= 9lgiek
(4) B2 7)20] weh AAE F2Z3 gkt 2700 upet

7] =

H F2E Wi/ 5E7E A0S Blagt 23, 3%
HEY H|AY LXEQ 3-TP4-MC, 3-TP5—MC
259 ¢ Ay L2EET Ot =2 WS
AAqF FEMA P95 oA 278k Y452 Ha

ot 2l EOAT ERF 11 Aot A& oA 9%
HlEY HIAE F2E¢ 9-TP4-MC #2259 39
= 87Ee W sE SEA S0 AxfolAu
Hilgse =28d 37 JAE = Atk

(5) HIEH HIgE Fx=of dist] dAE 3L B |
9 APl AFSA Y] JHHEAE o8t gt 7=
o tste] AE st = F2E0] T2 WA
s 7RIt &, 48 FREMAE AFTHLE |
HAE el 8 FYSES WSO, HE o
Ao AAT & Slvke AHde & 5 3o

e 2

B 3L 3=2A 1w A3 1Y (NRF-2014R1A—
2A1A11049488) © & =3 =|Q] 11 oo THARE 3Tt E3H A
APAR A 2] ARMARE F 8ol Histe] ZHARE ERit,

A1 2% (References)

[1] American Institute of Steel Construction (2010) Minimum
Design Loads for Buildings and Other Structures (ASCE/

i

A A29H AST(EH A150%) 201749 109 375



SEI 7-10), USA.

[2] Chopra, A.K., and Goel, R.K. (1991) Evaluation of Tor-
sional Provisions in Seismic Codes, Journal of Structural
Engineering, American Society of Civil Engineers, Vol.
117, No.12, pp.3762-3782.

[3] Tso, W.K., and Wong, C.M. (1993) An Evaluation of the
New Zealand Code Torsional Provision, Bulletin of the
New Zealand National Society for Earthquake Engineer-
ing, NZSEE, Vol.26, No.2, pp.194-207.

[11]

Based Scaling of Earthquake Records for Nonlinear An-
alysis of Single-Story Unsymmetric-Plan Buildings, Earth-
quake Engineering and Structural Dynamics, International
Association for Earthquake Engineering, Vol.43, No.7, pp.
1005-1021.

De la Llera, J.C., and Chopra, A.K. (1995) Estimation of
Accidental Torsion Effects for Seismic Design of Build-
ings, Journal of Structural Engineering, American Socie-
ty of Civil Engineers, Vol.121, No.1, pp.102-114.

[4] Harasimowicz, A.P., and Goel, R.K. (1998) Seismic Code [12] Chang, H.-Y., Lin, C.-C.J., Lin, K.-C., and Chen, J.-U.
Analysis of Multi-Storey Asymmetric Buildings, Earth- (2009) Role of Accidental Torsion in Seismic Reliability
quake Engineering and Structural Dynamics, International Assessment for Steel Building, Steel and Composite Struc-
Association for Earthquake Engineering, Vol.27, No.2, pp. tures, Techno-Press, Vol.9, No.5, pp.457-471.

173-185. [13] Debock, D.J., Liel, A.B., Haselton, C.B., Hooper, J.D.,

[5] Humar, J.L., and Kumar, P. (1999) Effect of Orthogonal and Henige, R.A., Jr. (2014) Importance of Seismic De-
Inplane Structural Elements on Inelastic Torsional Re- sign Accidental Torsion Requirements for Building Col-
sponse, Earthquake Engineering and Structural Dynam- lapse Capacity, Earthquake Engineering & Structural Dy-
ics, International Association for Earthquake Engineering, namics, International Association for Earthquake Engin-
Vol.28, No.10, pp.1071-1097. eering, Vol.43, No.6, pp.831-850.

[6] Jeong, S.-H., and Elnashai, A.S. (2005) Analytical Assess- [14] Federal Emergency Management Agency (2000) Quanti-
ment of an Irregular RC Frame for Full-Scale 3D Pseudo- fication of Building Seismic Performance Factors (FEMA
Dynamic Testing Part I: Analytical Model Verification, P695), FEMA, USA.

Journal of Earthquake Engineering, Taylor & Francis, [15] Han, S.W., and Chopra, A.K. (2006) Approximate Incre-
Vol.9, No.1, pp.95-128. mental Dynamic Analysis Using the Model Pushover An-

[7] Herrera, R.G., and Soberon, C.G. (2008) Influence of Plan alysis Procedure, Farthquake Engineering & Structural
Irregularity of Buildings, Proceedings of the 14th World Dynamics, International Association for Earthquake En-
Conference on Earthquake Engineering, International As- gineering, Vol.35, No.15, pp.1853-1873.
sociation for Earthquake Engineering, China, 05-01-0224. [16] Vamvatsikos, D., and Cornell, C.A. (2002) Seismic Per-

[8] Chandler, A.M., and Duan, X.N. (1997) Performance of formance, Capacity and Reliability of Structures as Seen
Asymmetric Code-Designed Buildings for Serviceability Through Incremental Dynamic Analysis, Technical Report
and Ultimate Limit States, Earthquake Engineering and No. 151, The John A. Blume Earthquke Engineering Center
Structural Dynamics, International Association for Earth- (Stanford University), USA.
quake Engineering, Vol.26, No.7, pp.717-735. [17] Baker, J.W., and Cornell, C.A. (2006) Spectral Shape, Ep-

[9] Stathopoulos, K.G., and Anagnostopoulos, S.A. (2010) Ac- silon and Record Selection, Earthquake Engineering and
cidental Design Eccentricity: Is It Important for the Ine- Structural Dynamics, International Association for Earth-
lastic Response of Buildings to Strong Earthquakes, Soil quake Engineering, Vol.35, No.9, pp.1077-1095.
Dynamics and Earthquake Engineering, Elsevier, Vol.30, [18] Mazzoni, S., Mckenna, F., Scott, M.H., and Fenves, G.L.
No.9, pp.782-797. (2006) OpenSees Command Language Manual, Pacific

[10] Reyes, J.C., and Quintero, O.A. (2014) Modal Pushover- Earthquake Engineering Research Center, USA.

2 9F: & =F2ASCE 7-105 A83 vSd W3 A HiE T2 44 2 9715 +3e $HATH1 WaEA)e 34 Aol
o 2 dFollAs AE HHE 20 HISY uE WA o€ ASCE 7-10 44 272719 A8 offto] wet WS E7HE 35t
th I AF}, ASCE 7-109 BIAE WHA 87202 287 A5 RUE Z29] A9 FHgEo] ulf- Wi gas] Bzl A A
£ HEhlen, & dide vEd AR FREe] S AAE A8 e A SRS AlXskTk Ak ez dAE HE
gy e HHE T2 B 7|EY WHloR dAd F2E0 FHEES B AN ASCE 7-109] FHgE 8 24
st

SHME0] @ HAx mHE =X HEY HAS, WRIEA, WdsE7E sEEE





<<
  /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


