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Abstract - ASCE 7-10 defines the torsional irregular structure as the one that has large torsional responses caused by the
eccentricity. The code requires that these structures should be designed abide by the torsional provisions. This study evaluates the
influence of torsional provisions on the performance of the designed multiple steel moment frames with different eccentricity. In
this study, 3D response history analyses are performed. The results show that the moment frame design according to the standard
with torsional irregularity provisions showed larger performance as the eccentricity increased and the distribution of plastic

hinges similarly to orthopedic structures.
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Table 1. Design provision for torsional irregular structure at ASCE 7-10
Provisions Reference section SDC
Increase in forces 12.3.3.4 D, E, F
Modeling 12.7.3 B,C D, E, F
Amplification of accidental torsional moment 12.8.4.3 C, D, E, F
Story drift determination 12.12.1 C, D, E, F
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Fig. 1. Floor displacements in torsion-irregular structure
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Fig. 2. Elevation

Table 2. Degree of irregularity and periods of the model buildings

and floor plan for model structures

) Period Degree of irregularity
No. of stories| Plan type Arch. ID .
Ist mode 2nd mode 3rd mode (Omax/Guny)
Type 1 3-TP1 1.57 (X-trans) | 1.56 (Y-trans) 0.95 (Z-rot) 1.00
3-TP2-X 1.59 (Y-trans) | 1.57 (X-trans) 1.03 (Z-rot)
Type 2 1.08
3-TP2-O 1.57 (X-trans) | 1.57 (Y-trans) 1.06 (Z-rot)
3-TP3-X 1.71 (Y-trans) | 1.57 (X-trans) 1.05 (Z-rot)
Type 3 1.14
3 3-TP3-O 1.53 (Y-trans) | 1.52 (X-trans) 1.17 (Z-rot)
3-TP4-X 1.92 (Y-trans) | 1.57 (X-trans) 1.01 (Z-rot)
Type 4 1.34 (Irregular structure)
3-TP4-O 1.35 (X-trans) 1.04 (Z-rot) 0.49 (Y-trans)
3-TP5-X 2.17 (Y-trans) | 1.57 (X-trans) 0.94 (Z-rot)
Type 5 1.42 (Irregular structure)
3-TP5-O 1.27 (X-trans) | 1.19 (Y-trans) 0.38 (Z-rot)
Type 1 9-TP1 2.66 (Y-trans) | 2.63 (X-trans) 1.61 (Z-rot) 1.00
9-TP2-X 2.71 (Y-trans) | 2.63 (X-trans) 1.73 (Z-rot)
Type 2 1.16
9-TP2-O 2.74 (Y-trans) | 2.59 (X-trans) 1.78 (Z-rot)
9 9-TP3-X 3.69 (Y-trans) | 2.63 (X-trans) 2.19 (Z-rot)
Type 3 1.31 (Irregular structure)
9-TP3-0 2.76 (Y-trans) | 2.59 (X-trans) 2.07 (Z-rot)
9-TP4-X 3.25 (Y-trans) | 2.63 (X-trans) 1.71 (Z-rot)
Type 4 1.35 (Irregular structure)
9-TP4-O 2.46 (X-trans) | 2.35 (Y-trans) 1.71 (Z-rot)
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Table 3. Member sections used for the 3-TP1 and 3-TP5-O structure

N & S frame E frame W frame
Type Story Column Column Column
Beam Beam Beam
Ext Int Ext Int Ext Int
3 W14X48 | W14X68 | W14X38 | W14X74 | WI4X74 | W14X48 | W14X74 | W14X74 | W14X48
3-TP1 2 W14X48 | W14X68 | W14X38 | W14X74 | W14X74 | W14X48 | W14X74 | W14X74 | W14X48
1 W14X38 | W14X38 | W12X35 | W14X53 | W14X53 | WI2X45 | WI4X53 | W14X53 | W12X45
3 W14X68 | W24X94 | W24X55 | W14X74 | W14X74 | W14X48 | W24X146 | W24X146 | W27X9%4
3-TP5-O 2 W14X68 | W24X94 | W24X55 | W14X74 | W14X74 | W14X48 | W24X146 | W24X146 | W27X9%4
1 W14X68 | W14X68 | W21X68 | W14X53 | WI14X3 | WI2X45 | W24X131 | W24X131 | W24X76
ool E 4 EH ASCE T-109M = ofd 222 vjE  AFEEo] tiet 3D RElgo] s = ojof gitt,
d uAE t2ER Yokl Qlrk. E3F Table 20 L= Fig. 3(a)= 3-TP1 F-&&0f tjsto] 3D LA H& 43t
%718 vehiglom 2 clofi- s mEZF Ao R 7] Aotk Chandler 51 EY vy AR Lepug
CISH: SO LA Type | LN FYV T 4T Aklrigid diaphragm) 0.2 SAFSIAL, T &
WE A Rl X T80 A%, VUL BFAUSE  ATolE B gaes pREel YU ZaIE 4T
X Y )] 71 Aol 7t 7% Aok S HIEY WY HfeR FAdste] HHlE =l FY 220 3 WS Al
Y QT2 gl AR ) 0 FRBL WY 7] ofslic. Yol FS AMOR FAE BRE HAE B
7} ARE X WY o] Fo\Rfolrk 2K Qilek A xolm Zbe AMS FYT RO /)5S gujdl), YT
2 YU TRE S, YY TRBUB-TPL TRER G H 9 V1FL WHlE RS AR UnlA] el 913,
Hol 2 3TP5-0 72| AL Table o] ANSISIC, 4 Ak i) WP} AlolEn olo] ek St
Zo] 9 P-ARTE vIgaT)
BE RHE Bxe] A RARY] SfalHE 24 v)
4. N9 A o|HABT BHE B2 ALY o] 5S AR
= Qlofof gk, wEbA 2 AtolAs T2 8 FAQ
i FEEY AR e WS B7EE sl /129 B, 83 B-7)% A3HEE Rig. 3(b)e} o] md
Ao e Wil se 2Aste 78 FASY A Ass g slo mABIL) Fig. 3(b)o)A 918 &= 9)50] 7|15
BARE 4 Gl B SiA mdllo] Zasih, ERHHIEE Bl poM GRS wkalsly] ted mholw TS AL}
HAY 1229 A S A7 AN =S o of mulEsioin) wloy th mulo) 285 s SE

aal
™~
I~

(a) 3D Model

/ /” Rotational Spn'ng\\\\

L !
| M. 1
oM, 1

™~ \ |

s \ 6, o 0

. % %
< J J
1

)
0

—

/ -
|
|
|
!

\Beam Element,
N P

AN Column Element  ~
-

(b) Beam-column and connection model

Fig. 3. Analytical model

Az =g A29d ASE(EE A150%) 20179 109 365



ZFk

HEY vAgE 2

filo
fr
i)

A ABFE0] 3%0] o]AE AEL sl E RElgslitt B
A= SAE] dofu=s sk¢lar, 2ol Y AES
B 79 ALY o] HARSH= AR ST

Aeel vAY A5e wAld] 9t saange
Tbarra SPlo] Adlsl 243812 mEL o] Lalict
Hale 3 2 B2l Hol Aol RBS A
FVgatgon], RBS 2419 HAE AL BAS] 913 A
Hol w7 ol A7t TS Hhdsleint. Lignos S
o Al ms itel dasts B4a LA
= &ofl sl Ao v g2
S Slek olol wiebA RS 3ol SRS, A,
A A gk Lignos 599) Atof|A] AQtet of 418 AL
S35, vh ko 2 s Zeske Slo) e R )
Yoz rlgsjo] WES nefel) ke olelet vl
nEg g gae 95t AZEYo]2L Opensees(2006)"
n2I%E A,

5. WS vPEY B20) T Y
LT SR TP IR R

FESUHEZRY WAHSE - 1

7

e Ao AL
Aol A2 3-TPI(A T AE)
A% A= 7HE ZAR A S

4), 3—-TP5-0(3—-TP5-X&} FYU3|L} v|E
3

JguE} 59,
By RS agfste] FAth AA) ol ek 4471 A] Ay
x|t 5 el Aol Fig, 4(a)olM, A% 2=
(3—TP1) 2] A% N Frame} S Frame ] 44131 %] WAJ 9] 4|
9 A7t fAbslths 2 o 4= Shek, WHE Fig, 4(b) 9] u17
% 97238 A8FA %L FLEG-TP5-X9] 4,
Frame ¥} S Frame 2] 2431%] 74 ZFo|7} Ath= AL
Qlgk &= Qlek. Zdf H917F 2 N Frame o] 7-9- th=9] &4
A7 sk, Zof H9f7F 2R S Frame®] 45 22403
A7k 2 A Wgskgl o, ofof w2} S Frame®] 4d%50] Alth=
SalE)) 23 Aolehe AES WY & Yok W Fig, 40)
AT 2S84 FEEG-TP5-0)9 4%, N
g

Mz

O

_]

—10
FrameX} S Frame2] A4J31A] WAy Q%] 2 7)4=2] x}jo|7}
A o, ol FY F2EB-TP) Y AR B3 1

ol A& & ¢ Atk

E7H BA517] flete], & Atois 94 3% 2 ES Fig. 5= 24317 £x8 84517 9ste] ARg-st 2|4t
= = = = o) H = HHE o)
gos 4y 7283 NEY vAY F2E 2434 250 FREY 443 vlo] A% o) FHFLS
S BASIAT AAER WA BAL 95kl el Aotk 2FelA #E WAl HES N Framed} S
N Frame(35) N Frame(36) N Frame(31)
WA 70 70 VR TR 7D YA Wh TR TR Wh U A R ViR WA U0 U
S Frame(36) S Frame(10) S Frame(32)
Wn vn Vi T VR U Y vim 7R T vin v )
W Frame(6) W Frame(4) W Frame(0)
Q o Q
e o q
q -
W Frame(5) W Frame(0) W Frame(0)
q O o
q o q
o e
7 U W T VA W Wl VA D W U 7 TR VG T D VA
(a) 3-TP1 (b) 3-TP5-X (c) 3-TP5-O

Fig. 4. Distribution of plastic hinges in model frames

366 ATz =83 A20W ASEEA A150%) 201749 10



N Frame K= By i N Frame |(—)I s ¥ N Frame ) Ay
S iy T Iirseenaad | peeeo i
! ! [ [ L ‘i
! ! ' [ Y '
! ! ' [ Y b
! ! 1 ] Y N
1 ! 1 1 Y !
! ! N ] 1 !
! ! ] 1 I\ i
1 ! Iy " Al "
1 ! L] 1] ! "
1 ! | N " 1
1 ! Pl ' o '
1 : U n A [
———————— L R e - - - i L

SF — SF ‘o P SFrame o

M| g, SFEAME AL (|, SFEme e AL A, [, SFame  eya,
A, S Amax,S Ama,\‘s
(a) 3-TP1 (b) 3-TP5-X (c) 3-TP5-O
Fig. 5. Displaced roof positions for three-story model structures
Frame] 3 W917} 27 Zcfol o] e eS Lhehd Aol 3} S Frameo] A )02 e dlo] wafal, tj2l

o
o] AAREL A4S 43517] A X5 5 BHF oIt
7128)3L N Framed} S Frame Z|tf] 2 H¢]o] H Z
off 3EAJsFAT

Fig. 5(a)o)| A, 3—-TP1 :tZE-9] N Frame¥} S Frame2)
Heh 5 98] Pl 1,023 27 ok AHLS o 5 9ick. 3
A5k Fig. 5(b)& HWH 3-TP5-X #2529 4ol 2.22
2 71 3ot Zon, Aoz AR} Bol B
& N Frameo| 4| o 2 7} EAY3IAe}, Bhd Fig, 5(c) 2
3-TP5-0 FZE9 7 Lo)= 1,302 Fig. 5(b)HT} £

=9t} o] E3lo] 3-TP1, 3-TP5-0 JL2EI= e,

H]%% AAE Y5HA] @2 3-TP5-X &= N Frame
¥} S Frame®] & ¥919] &o]7} 7] wfzofl 24747} =
FUsA AT AAS shelg - gtk

6.2 &

2 Ao @3 7|20 whet S Y Y FRES
dAEE A f, s LB Aol thete] Bt
2 538} o2 9Jote] HHIEZTRO 92 S WA sto]
A4 0| 2717} 242} T2 3% 2B 9% TRES A5
AL, A w9 w Ay A eA T} 33 SAS 4
Falolet, & o AN qokshd theat Uk
(1) A 242 YA ABo] A9 H3rE| uls

A g g AT} o] B F7ske AL #ls
Art.

AAE H[4% A=(3-TP5-X)9
739 N Frame©]| 4] 367l], S Frameo|| A= 1072 267}
of o]} wAs) FAIR BT A 245K RES 1
o § Frame?| AJ50] A= AE7] Hof 53
7} uralel Bl YR A A S 2alel 3% w1 u]
;E‘ AE(B-TP5-0)9] 4% N Frame¥} S Frame9]
2AFA) 2= 242 317), 32702 A FAET GALs)H

7ﬂ "44%}401 2RA] EE2E HAATh
& 3-TP1, 3-TP5-X, 3-TP5-0%| N, S

St ke 3%

o 46@4 44, w5 sl
72 Eom gast AS Halskin
arel =

2 A7t st A7) A9 (NRF-2014R1A-
2A1A11049488) 0 & =31 E| Q111 o]of TIALE HESIT) S
ARV A 2-0) Aok U)o tiste] ZA1E S,

A1 2% (References)

[11 ASCE/SEI (2010) Minimum design loads for buildings
and other structures, ASCE/SEI 7-10, American Institite
of Steel Construction, Reston.

[2] ©143, £, 71498(2015) RBS oF= & 3}
RO WaAs B2k GRS E, BEg TR

3 =2 AE AsE(EE A=) 2017d 109 367



il
o
=
ox
oflt
filo

N

N
rr
i)

ZERRUERR

st3], A274, Al6Z, pp.513-523.

Lee, C.H., Jung, J.H., and Kim, S.Y.(2015) Cyclic Seismic
Performance of RBS Weak-Axis Welded Moment Con-
nections, Journal of Korean Society of Steel Construction,
KSSC, Vol.27, No.6, pp.513-523 (in Korean).

3] 999, $YHQ017) 27712 HBR B-7)5 oF% wil=

[4] 353,

ARk WA, S sk e A, St
3], A1294, A2Z, pp.169-180.

Lim, W.Y. and You, Y.C. (2017) Seismic Performance of
Beam-to-column Weak-axis Moment Connection of Small-
size Steel Structure, Journal of Korean Society of Steel
Constion, KSSC, Vol.29, No.2, pp.169-180 (in Korean).
A4 $(2016) A NFG =35 A 29 22
2o A4 A%, SRRk, gt
A|28H, A6 5, pp.383-394.

Hu, J.W. and Cha, Y.W. (2016) Seismic Behavior of
3-Story Steel Frame Structures Subjected to Ground
Motions, Journal of Korean Society of Steel Constion,
KSSC, Vol.28, No.6, pp.383-394 (in Korean).

[5] Chopra, A.K. and Goel, R.K. (1991) Evaluation of torsio-

nal provisions in seismic codes, Journal of Structural
Engineering, Vol.117, No.12, pp.3762-3782.

[6] 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 Engineering,
Vol.26, No.2, pp.194-207.

[7] Harasimowicz, A.P. and Goel, R.K. (1998) Seismic Code

Analysis of Multi-storey Asymmetric Buildings, Earth-
quake Engineering and Structural Dynamics, Vol.27,
No.2, pp.173-185.

[8] Humar, J.L. and Kumar, P. (1999) Effect of Orthogonal

Inplane Structural Elements on Inelastic Torsional Response,
Earthquake Engineering and Structural Dynamics, Vol.
28, No.10, pp.1071-1097.

[9] Jeong, S.H. and ELnashai, A.S. (2005) Analytical Assess-

ment of an Irregular RC Frame for Full-scale 3D Pseu-
do-dynamic Testing Part I: Analytical Model Verification,
Journal of Earthquake Engineering, Vol.9, No.1, pp.95-128.

-1 yxA

7

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Herrera, R.G. and Soberon, C.G. (2008) Influence of Plan
Irregularity of Buildings, The 14th World Conference on
Earthquake Engineering, Department of Civil and Envi-
ronmental Engineering, Stanford University.

Chandler, A.M. and Duan, X.N. (1997) Performance of
Asymmetric Code-designed Buildings for Serviceability
and Ultimate Limit States, Earthquake Engineering and
Structural Dynamics, Vol.26, No.7, pp.717-735.
Stathopoulos, K.G. and Anagnostopoulos, S.A. (2010)
Accidental Desing Eccentricity: Is It Important for the ine-
lastic Response of Buildings to Strong Earthquakes, Soil
Dynamics and Earthquqke Engineering, Vol.30, No.9, pp.
782-797.

AISC/SEI (2010) Specification for Structural Steel Buil-
dings, AISC/SEI 7-10, American Institite of Steel Con-
struction, Chicago, Illinois university.

Gupta, A. and Krawinkler, H. (1999) Seismic Demandls for
Performance Evaluation of Steel Moment Resisting Frame
Structures (SAC Task 5.4.3), Rep. No.132, Blume Earth-
quake Engineering Research Center, Department of Civil
Engineering, Stanford University.

Ibarra, L.F. and Krawinkler, H. (2005) Global Collapese
of Frame Structures Under Seismic Excitations, Rep.
No.132, John A. Blume Earthquake Engineering Research
Center, Department of Civil Engineering, Stanford Uni-
versity.

Lignos, D., and Krawinkler, H. (2008) Sidesway collapse
of deteriorating structural systems under seismic excita-
tions, Phd dissertation, Department of Civil and Envi-
ronmental Engineering, Stanford University.

Mazzoni, S., Mckenna, F., Scott, M.H., and Fenves, G.L.
(2006) OpenSees Command Language Manual, Pacific
Earthquake Engineering Research (PEER) Center.
FEMA (2000) Quantification of Building Seismic Perfor-
nance Factors. FEMA P695, Washington, DC.

2 o AHISHE Sl TR AAFHT o] Aolrh & Aol File] WAIste] WIEUE FUTITh ASCE T-100)4)% o]
SR HgEeE sk Slom, WS Y FEEe] WUAAS ST APAES ANsK Gk & Sl Bl e 33,
9% 1 Bl 2xo] 39 ALl AnkE To R HEY HlAY BRre] A8 WHAAIRY) aTadd e dare Wt
stich 1 A3 Balo] S71a4E 45| e Fame] Aol Sste 24RIAe] vt 4y FEER GARE Ao ek
HABO| 1 B WA, WY Az, WSl B, BRERYE B2






