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Evaluation of the adequacy of the response spectrum analysis for the seismic analysis

of moment-resisting and concentrically-braced buildings according to the seismic

design codes
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ABSTRACT: According to the seismic design codes, the response spectrum analysis (RSA) method
can be used for the seismic analysis of tall buildings since it can consider the effect of higher modes.
In addition, the nonlinear time history analysis is the most accurate method of evaluating the seismic
responses of structures. Consequently, the present study investigates the accuracy of the RSA method
by comparing the seismic responses computed by the RSA with the nonlinear time history analysis. To
this end, six 3D structures with 4-, 10- and 20-story heights are investigated in this paper. The lateral
load-resisting systems of the structures include special steel moment-resisting frames (MRFs) and
concentrically braced frames (CBFs). To conduct the nonlinear time history analyses, four sets of ground
motion records including three groups of near-fault records with different characteristics and one set of
far-fault records are used. The near-fault ground motion sets include forward directivity, fling step and
no pulse characteristics. All sets comprise seven seismic ground motion records. The results indicate
that the seismic responses obtained by the RSA, are mostly underestimated and non-conservative in
comparison with those from the nonlinear time history analysis. In general, the more the height of the
structure, the larger the error in the seismic responses derived from the RSA. Also, the largest error in
the RSA relative to the rigorous time history analysis occurs in the case of the near-fault ground motions
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with the fling-step effect.

1- Introduction

In seismic codes such as ASCE7-16, three methods
including the equivalent static analysis, response spectrum
analysis and time history analysis are used for the seismic
analysis of structures. In the static analysis method, which
is the simplest method of analysis, the structure is designed
to withstand the lateral static loads determined by the codes.
The results of previous research investigations have revealed
the weaknesses and limitations of this method.

The nonlinear time-history analysis method, which is the
most accurate method of the seismic evaluation of structures,
is time-consuming. On the other hand, the response spectrum
analysis (RSA) method is a simplified method that can be used
in accordance with seismic design codes. In the RSA, after
determining the periods and modes shapes of the structure,
the modal responses derived from the response spectrum
of the used ground motion records are combined using an
appropriate combination scheme such as SRSS or CQC. This
method has gained great attraction in practice in the seismic
design of structures. To the authors’ knowledge, no study has
been done to compare the accuracy of this method under the
effect of ground motion records with different characteristics.
Therefore, the purpose of this paper is to compare the
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accuracy of the RSA under near-fault ground motions with
Forward Directivity (FD), Fling-Step (FS) and No Pulse (No
P.) characteristics as well as far-fault ground motion records.

2- Methodology

To study the accuracy of the RSA under near-fault and far-
fault ground motions, the nonlinear response history analysis
(NL-RHA) is carried out as a benchmark method. Since the
RSA is a linear analysis, the results obtained from the RSA
should be modified by using the displacement amplification
factor, C,, and over-strength factor, {, to compare the RSA
results with those of the NL-RHA. Therefore, the story shear
derived from the RSA is multiplied by the over-strength
factor and the floor displacements and the story drifts are
multiplied by the displacement amplification factor. In
this research, three special moment-resisting frame (MRF)
buildings and three special concentrically braced frame
(CBF) buildings with heights of 4, 10 and 20 stories were
designed in accordance with the ASCE7-16 [1] and AISC
360 [2]. All the linear and nonlinear analyses were performed
by using the SAP2000 software[3]. Four different ground
motion groups including the near-fault ground motions with
Forward Directivity (FD), Fling-Step (FS) and No Pulse
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Fig. 1. Story shears obtained from the RSA and NL-
RHA for the 20-story CBF building subjected to four
different sets of ground motion records

(No P.) characteristics and far-fault ground motion records
were used in the NL-RHAs. The nonlinear behavior of the
beams, columns and braces was modeled with plastic joints
according to ASCE / SEI 41-13[4].

3- Results and Discussion

The story shears resulting from the RSA and NL-RHA
for the 20-story CBF and MRF buildings subjected to four
different sets of ground motion records are displayed in
Figures 1 and 2, respectively. With the increase in the height
of the structures, the difference between the story shears
obtained from the RSA and NL-RHA for each group of the
ground motion records increases due to the effect of higher
modes. For instance, the error in the RSA for the 4-story MRF
and CBF buildings amounts to 14% and 13%, respectively,
while for the 20-story MRF and CBF buildings, it reaches
18% and 23%, respectively. The lowest error in the RSA for
the story shear occurs for the near-fault No P. ground motion
records and the largest error takes place for the ground motion
records with fling step and far-fault ground motions.

For instance, the story drifts obtained from the RSA and
NL-RHA for the 20-story MRF building subjected to four
different sets of ground motion records are shown in Figure 3.

826

20st-SMRF (FD) 20st-SMRF (FF)

20
18 —e—Time history 18
16 RSA 16
14 14
.
12 5 12

10 10
8 \ ! 8
\

6 \ 6
4 4
2 \ 2
0 0
0 300 600 900 1200 0 300 600 900 1200
Story Shear (ton) Story Shear (ton)
- 20st-SMRF (NP) " 20st-SMREF (FS)
18 18
16 16
14 14
12 % 12 .
10 10
8 \ 8
6 6
4 4
2 2
0 0
0 300 600 900 1200 0 300 600 900 1200

Story Shear (ton) Story Shear (ton)
Fig. 2. Story shears obtained from the RSA and NL-
RHA for the 20-story MRF building subjected to four
different sets of ground motion records

For all structures except the 4-story CBF structure, the largest
error in the RSA for the floor displacements takes place in
the case of the near-fault ground motion records with fling
step and it amounts to 27%. In all of the structures under
consideration, the smallest error in the RSA for the story
drifts occurs for the near-fault No P. ground motion records
and the largest error is produced in the case of the near-fault
ground motion records with fling step and far-fault ground
motions. It should be noted that similar results were obtained
for floor displacements in the case of all buildings and they
are not shown herein for brevity.

4- Conclusions

In general, it can be concluded that the RSA underestimates
the seismic responses in comparison with the NL-RHA and
is non-conservative. The amount of underestimation may
amount to more than 20% in some cases. Therefore, the codes
such as ASCE7-16 [1] and Standard 2800 [5] which consider
the RSA as a reliable analysis method, need a revision in this
respect.

It is noted that this conclusion has been derived for
moment-resisting frame (MRF) buildings and concentrically
braced frame (CBF) ones. To generalize this outcome, other
lateral load-resisting systems should be examined.



A. R. Fatahi and M. Poursha, Amirkabir J. Civil. Eng., 54(11) (2023) 825-828, DOI: 10.22060/ceej.2022.19329.7156

—e—Time histoi !
205t-SMRF (FD) ety 20st SMRF (FF)

20
20 18
18 16
o 14
> 12 z 12
S 10 ) 8 10
L [%,] 8
& s (
6 6
4 4 /
) 2
O 0
0 0.01 0.02 0 001 002 003
Interstory Drift Ratio Interstory Drift Ratio
20st-SMRF (NP) 20st-SMREF (FS)
20 20
18 18
16 16
14 14
> 12 > 12
g 1w g 10
] »n 3
6 6
4 4
2 2
0 0
0 001 002 003 0 001 002 003
Interstory Drift Ratio Interstory Drift Ratio

Fig. 3. Story drifts obtained from the RSA and NL-RHA for the 20-story MRF building subjected to four
different sets of ground motion records

References [4] ASCE/SEI 41-13, Seismic evaluation and retrofit of

[1] ASCE/SEI 7-16, Minimum Design Loads and Associated existing buildings, American Society of Civil Engineers,
Criteria for Buildings and Other Structures, 2016. 2013.

[2] ANSI/AISC 360-16, Specification for structural steel [5]INBC. 2800, Standard No. 2800: Iranian Code of Practice

buildings, 2016. for Seismic Resistant Design of Buildings. Iranian

[3] Computers and Structures Incorporated (CSI), SAP 2000 national building code, Tehran, Iran;, (2014).

NL, Berkeley, CA, U.S.A., 2018.

HOW TO CITE THIS ARTICLE

A. R. Fatahi, M. Poursha, Evaluation of the adequacy of the response spectrum analysis for
the seismic analysis of moment-resisting and concentrically-braced buildings according to
the seismic design codes, Amirkabir J. Civil Eng., 54(11) (2023) 825-828.

DOI: 10.22060/ceej.2022.19329.7156

827






785 500 ()] yo (o kien & i

Frew VY clrio AF) Jlo O o)led OF 0)53 1S poel (ol yos (susiges 4l
DOI: 10.22060/ceej.2022.19329.7156

(ot D s (5115 (53¥58 (S yloid b (glo;)) Jalodi (61 (b oo CaliS' 25
e d3l5 aolicm] il )Red (g, B 4

el ygr o3 ¢ 55k (LB Lo jaes]

Ol 30 g (imino oSl (ol poe wdige 0uSKLlD

1891 au )b
ATV bl
DRI AR
AERIRIAV RIS
VE N DIV 2o T )

1605 Clols

bt Sloj )b Jlos
JuS S35 05>

JuS 5l 593 059>
I

oy S%en hiy)lee B

xSk s bbb 4y il oo by @ slaaebel sllae b glasyl b (clalasbo closy) Juloo ) tuo s
lageol 3,9l s gy o ytied B o Lo e Sl o )b o (305 Gyl 5l0gu5 ce o3l YL il sladge i)
L.:O’l 5l ol (slos ) Szl bt duolie b ado g s, colas 5 CB) ¢ §ud> Qi‘ »l il e Lm(')k‘.‘&b &losy
Vo of Clab ol b (i dw 60V 05l & cplaie pl (gl 005 0 B wyp 0yg0 (ot e Jloj amsu,l 5.8y o,
Sloj ax50)b by Jedos plol sl iload 4857 Jla5 3 009 (g Sen saia)loe B g 039 (odied QB Slapia LYy
50l g 9 (p Sl 0kin) Gl it oS iy b S S5 Ol ol (oY 09)5 ¥ i 5 (s e
o 1 Juols (slo; ) (slangeuly ol (ST 55 a8 id o )i ol .l o o3l S il 590 (s usEolis e
U9y sl (5o Yaome g a0 &S dladlore i g pols Cawd polie () as e Jloj doy )b ulod 4 Cons b

Do ooyl 0jlw g5 i8I L Ll oo

Sliding guls .Xgu g0 gaome Ko puusd g 0l Cpaasi o)l Cenglie
Sl 1) 353 hey slacadgizme 5 chnd bl alej ol )3 e
oo Sl b 3L ojlu o loj azsu )b Seold (g «Cawl 00905
Ol (5355 4 g pladlo @b 5 oloj jl (b ©j90 4
Sl 0 &S Sbeublols Deb o pboo! bojle Siolyd B)laio
e o Sl ool 1o b 1l 5,5 ol o3kl 350 s S >
L ) S 8l A5 es8y plRin )3 b i oo )3 (3005 (o8l
ol g e (Sloj )i Jdos (bg, 5l ool (slacydguoms
JBl g gl (loj (s Sl (o (Solias el (g 53 bl 0
Slr Sl 5 05l loj 5l (mb ©ygo 4 QL 4l b (350
2 Gl QWD D90 5 (ly s 9 o0 dnalro Hlai )90 adl
oyl 95 9 b (I Ll amlgs Csd 4y 390 T gl o e
dls 350y )0 Gk olrdls 258 00 dnlre 390 58 (gl L

33,5 o ol SRSS L CQC gy 4 ladge 1 S5 35,5 0

doddo -
lisebl s 5 3905 walyd A3 claask ol Lol Ciun Yene
g ol IS Cusl ply p el Galps (85 a5 o L sl LB
a3y ol po ol a3l Gl Lais g ol 5 5l 6055l 5 6yl
o) W s 7y oile Mte yes Job 0 3)b Jlas] &S sl (g0
a0yl el &S Sl b e sla g, 1)) b aS conl )] 5 ol oy
ol ] ol i 25T ol A5ligey Jas dnols 355 IS Colanl
el oas 3 pete B3Il L g baojle o3l xSl 595 2
loj) Juloss yslate & ASCET-16 i yiixe 4l (sloaslioyl o
5 b (Seelas s (Plee (Slial Jdoo b9y aw I daojle
N & (Sl o (g 53 298 o0 ool (Sloj ax)l Jelow
Bk w3 Cenglie (sl o5l o Jelos slo g, (2 osls ]

S yhg)y cpl 3 00,8 o (i e oy Lm@bwi bwg a5

poursha@sut.ac.ir :lslSe jsosgs oxiwgg ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

Loy



Fyee BYVY axbn N JL» AN O)LM OHY 0y9d ;)....s)fol ul)a..c L;.u,\...@(c :b).uu

bt Sloj a0, b ol oolisul b oy (el p5liiS g (b
aalllas & oo )3 KIS 5 ysr [+ ] A8 o 41,1 ], s poslla gl
Silwand b aib s laplatlo (o)) lagwly Lol b))l
4 ) S > (sl Shag a5 W8S aonts gl aizdly (o) SIS >
oS Wt (ooten SIS B lojle (Spelnd Sluogad 9 63959 Gl
oS sl 5 5 o g 25,15 ojlus (glojy) usly sy 2 (sl 2 30
ol lagualy 4 Cuns (a8 palie (gl (b Jidos | Jols s
Jlo > sl (63 5 LMlS [N ] st o Sloj 4zl oo ]
2 il Jobd g (st (Sealy g anglie 4 (RS V-0
ol a3y oM 5> ebaial (ol oni (gjlolis adds xix o)l
2 e S g g )3 G5 OlEb (s plrale gl a5 D
Cans pYL Casd polio gy lod e Solys oo 5l Jols da s
IVW] sl b Jabow &,
ool (sloj ) Julos (gl ybgy dine; 43 0l plos] lalllas 4 da g5 L
s €8> (8 wlidos )5 515 (oble 5 culee b bg) ool 1 S5 o
W8)S5 )8 gy 3)90 e gla Sy b beutloks ¢y b
dulie dlawlg 4y o oo Colas o B (3uind Cpl ) cplpll Ll
oasol Bllas (s i Sl )l b ik sla il b
MR8 soan 9o ilitie gla Shg b dysSy ated sl sloj)) pine
0329 (oot OB i b (slaojlo (6515 ) b eyglaie cpd 25 0
5 b Jolod | o> gl oy 4 g sl )Sel (300 (aripen 9
Sphcae G Shy b S5 ojex sladllj 3l cod Sloj el
39> glaclSols gezen 5 b g 9 (2Bp Sl 089y i
Sloj )b los b b b Lo gl 9 59850 ablyyy Jus

D)5 (0 gy g dumlie (Jad il

JwS Suo 3 0590 sLCWIIOLS -Y
L 8 Ko slculols aglae ol sals pbise
5 L yalS alas )L VAFE A5 5l am ledgs JuS 1 a0 slacuslSo s
M Gl g lawg S S5 yle (quilyaile LagsSL VAVY A
Jed Koo eSOkt o ey Ol ol cud s S
2 dbbe JuS e anl 0 ej Jgeme S b coglate Mol
@509 VY ) pogad 4 Bgpme cladljl 5l cam bl syl
Oladss Cuoyd (> (2 VA 5 Cuejl VAR dj S VAR A5

2 A o Gl b Lo pbxl gy 1y 09y ol g WS

polde el b jhgy oS by lis g 10,8 &l 4el glaptiuaw
OhlSer 5 pmitals V] a3 o Sloj )l gy 4 s 65V
23Dy glos) lalols pwyp 4 eyl o aib Fe e 5 edlatul
Sloj a3, Llod b auslie ) 1) Zusly il Jdod by i
ok gladlas Lo u]y Y8 aub il Lglmolo.lib 2 s e
Sloj 43506 Jelod | Jols (151iS 9 5 ) slojy) slalslis o sl
Ml gl i o 1 ol (slaialy ot M0 g3 k2
Sl g el cals Judos oy 4 Voo A Jo o o) Sen 5 418 [Y]
Julos 4 038 5 aoes oy aiis s a4l aibo Vo) 7y Sloj asxsu s
3o )l Sloj az,l o 4y Cund (5558 palie sl b
e 3 Saolt 5 (St slo o 38kee o > s [¥]
wlaiBl sl oy a5 Gl gl HlyE oy 250 1y Ay slaol
L8] 39 sl ado oo 51l s Voo il gl slaojle yesl g
o 5l Juols (g0 ) (o slagusly 55 (o 53 (Zxly 9 g

b9y & bgye Slagely plp V0 390 1) (Jad i Jloj o)l Gl
as” ol L adss > (63)kel o 5o [F] 0y ol Fwly b fdou
Sroshe mls Jod Slej axsu )b oo I eslatel b ojle o1k
Gy 99 0ol S auglio ol izman [Y] )15 il o 4y o
Oglite sla B 5 solatel (S b e slaojls (o) 4 byt
LBy b i eS L Res sai)lke 2L L;Lmd'l,d&b &loj )
O])'.ﬁ.‘o 5 u.g.l)'.w 4 b slojls b i Olbsl a8 Wl ol mej
o5 b dolio )3 gl b Julos loj cyiman 9315 (soj ) lalolis
o gy 51 o o5 Ll ol 5l i (5log a5
Canss |y (650l Cawd oo g 3)l (g5l slacudgize Fuwl b
Ohan 5 S [A] s o &3l led e Sloj doso )b gl Judoo &
Jelos g st Sloj axu )b los g 95 dulie 4 laddllas 1>
ol byl sl ae)l o aib V8 leidle I ealil b gl cab
lacwud > glojy slsols gly Jolie polie by 93 o ol
b e Sloj oo )b sl g, Lol wimd o lis leidle caliseo
Ol o ) Slab [y dex 1 gl glalolis o) 5yt (3059
55 A1 syt dlel bt Jloj el ] ol 5 &
)‘9.3.) Jo d“’})l 15“")’ C~Q9L&o as by uL-uJ é&».b\c' dlb)'l.w W) L 51.&‘

£+¥A



FVeo BFVY i MY+ Jl.w AR Q)Lo.w O 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

b oyt loj domo,b sla abos pgliia cpy ol 005 o3lits
Laib Ve QB So sl JeS g0 0jes cullolis VI eslitl
sl @ boje @l 5 wload pll oy (©oV58 (dad OB plue
DA goge b il adlan 5 Jolie Stdly g 5 Slis ous
5 b ot (gilwde 0958 dyge g Glip Wlad dwlie
s 2l Cans ) S sl 01al DA] @250 3 A5 sl ygS)
548 Ol ol gl Ty ol (Setodly lygd oY S 5 lids (i 3)
D] e 5 ol csalan 5 fas it o il slo bl
5 Jeols gl us sl (gl JSis @ dn g b iy o i blose] o
b o Jod bB > gl ond ol zo o b duslis (0 jobs adllas
sladdos ploxl couo I Gliuabl jlaie 4 pgd (miwcons 5

545 (MRSA) Jhge gl i b 5 il adllas 5 ik
ol by (i 5958 pglate (p el 01D (900 cod ol g 5o
IBC acbiipl @ 4095 b g b Judoo 5 oolil b ae)l oy adds ¥
aglio 300 E U A (laculo lgil (sl g2 @l b 5 0 aslrs
it ol Sy oaalia ¥ S 9 &5 plalan el 5,5 3
S 5ols5 (s o gl b sl (gatalllas )3 il oo 5] Juols

il e eolie

(b Jao o2 15b 3 (520 —F
oot OB oo > (gam dw (6058 o3l ¥ 5l Budns pl 40

Mass b ooy slSen (gai)lee w1 (dn dw ojl ¥ g 03g
ol oozl Ay g lawgie wligS (cbrojlw (Sasled 4 Ve oV F lib
Fo VO 3 e VO Dl 4 (g0 O wlad ¥ 5l ol (oled M Ll
(V8] ASCET7-16 (cloasb ] | oobizaal b bnoles ol .y o LS
55 @ b (RSA) Uik Lo 5l oslizal L 4 [¥+] AISC360 4
sbojle slb wbas oL ASCE7-16 asbywl #b b
B yeie g0 4 o) slap 5 01 sl LRED g & 0¥
Cgo & 0k g 03p0 S)l iomen b 4B)S a5 > Gk I
ly bsiinlee 5 bggin gblie 5 odd A5y by 59y » (20)kad
Gy B)gm s Oype & By gblie 5 (bg8 S8 4 b Jue (aled
Oed (3Ysd claojls sl e S bl cpl o a8
I8 o 3y90 Lasl ()55 byl g (S ) ClEb (o olrarl>

ol sloi glp u_sl)]o 5 ok edlatl Glis ple Cowl a8 S

£+¥4

wile oal)d S5 0je> Jlue (goyly> LIS Syt sl 1) s
b JuS 5l (6500lS £ BVD (s Yoomo JuS S0355 034500 Canl
055 ajg> 2350 3 0 ofgie selols Jlo oyl b [IY] 390 05
Aol l3 b o K035 Il Bly 53 s ool iy JuS
IVE] sl 3 g ol los Ll o 183 53l o g asily tmlS

ol 4 g) Gphiue @ olie JuS Sp Ol o eke ]
Oy Slojlend 13 gl (28 obcua ds 4 g )bear
o) Ygone JuS S35 0390500 53 38 o)Ll 5 @36 addge 5 5o
2 5 oL &y s Sl Ll g (Sl el ) Lo )
el byl ool i3l e Al JuS G259 5] (o3 ol slag e
LS &y £ JuS Sy 85 (Sloj g o0 CunSi gyl Sl sl
Ay g 0dd Dbyl JuS dlitel g9y p ldai | Cunss WS oAb
oSl ylil ST el el 3 b by (SiensS Sl Joe o
5l o 2 55 JuS B3 e 5 Ak oLy G 4 JuS
GBMS e, ot Lo ST amd o &) ol 4 gy )beas oSST Wil
23l Gl gl & 5y (s o e adly HLS iy
SolSidls > e 4 9) (6)dCaa L 593 oo | 2lgel 3980 sl
935 £y SpuS o8 JuS S o Soglos 2 8,5 3
250 o Le I (SusunS jlisl Cua & sk 4 Wb e oaalin
o] cool o239

Cuows &y idaS Ll ad S b b jed (3 (g )bcgs 2
G9y 2B Sl ghbcas bulyd cpl jd bl e pasuis BB oKl
s Shs 500 5[] cusly salgss dlj Slej doxsu b cide g dield
S 5 85l JE8lo 5o s 51 oS S35 eig (slo,s,
005 593 (2l 4 padie Sy Sloj o)l 3 sld 2 o el

LIY] ds dalgd g, o 0uol  oU s Sy &S
9> PP [P >

[EW N SO OV o
a5, o Jlod plosl cono I Glinabl jolate 4y i3y (ol )
0956 g ,l38le 5 (sl 2l Como I lisebsl imen g L g (Jas e Jlo
oslizal [YA] 5 (VY] glyo 5 o0 plosl (sla Juloxs 905 1 ccsjlo e

RE W
a5y )b gl Jolod cono | luebl jslate 4 ¢ gl (riwcono )
DAL g2 50 3 0 plosl glaJlods 1 gjloJie 0520 5 (s s (o



FVor BFVY oo VTN Jlo Y ojled O 093 (08 el ()l yos (cwdine 4 puis

—— Present Study ——Reference [158]

10

FLOOR
w

0 0.2 0.4 0.6 0.8 1 1.2 14
STOREY DRIFTRATIO(%)

V]2 9 pols adllas p3 (Jad o (Sl aomduy,U (Saalod I Jols OlIb (o (2ledrls Comad ) S0

Fig. 1. Story drift ratios obtained from the nonlinear time history analyses in the present study
and Reference [17]

—4—Present Study == Reference [18]

10 o

FLOOR
w

0 01 02 03 04 05 0.6 0.7 08 09
HINGE PLASTICROTATION (RAD)

V] a2 g pole anllae p3 (Jas pué Sl aadu ;U (saddod I dols Jolio Sutusdly o)y99 ¥ S5

Fig. 2. Plastic hinge rotations obtained from the nonlinear time history analyses in the present study
and Reference [17]



Free BFAVY doio OFY Lo

0.8
0.7
0.6

0.5

0.4
0.
. I
0.1

w

BASE SHEAR (100 KN)

[ ]

Y oylash O 0593 ¢pusS yuol (e wdige & i

C D E
(CROSS SECTION SET 1)

W peresent study Reference [19]

DAl g2 0 5 pols anlllan (5 b Jldow I Jols aly (155 dan e .Y JSS

Fig. 3. Comparison of the base shear obtained from the response spectrum analysis in the present
study and Reference [18]

Aok 45 ou ool ghdasuiv g OleMb! Y Jous

Table 1. Detailed characteristics used in the design of structures

AISC 360-2016 >k asbip
ASCE 7-16 2ok 5 Julos anbipmT
SAP 2000-v19.2.2 Ssdle
ST37 s¥ss oYed g0

Site class C

oSl (a0 £

200 kg/m? o) 4k
650 ke/m’ 030 5l
1 (Ie) Glojy) comodl o po
2400 kg/em? (Fy) Y33 pabusd i

2.1 x 10" N/m?

(Es) oY g8 aiomccw¥! Jooo

0.3 (v) Y gd (ygulyy oy
7850 kg/m? S
76982.2 N/m? a2 92>lg (39

andllan ol 50 ooliiwl 8 g0 BEBOLLS

piws (B398 plp 3> lojle lagiuns glal loj) (b

Vg slasin 53 aojle (ol sl olaj 5 (ol S led 5

o3liol U o3l gely bl s eglojlos b ls o Lol (gloyial)l dplne  slaojls y3 slias] gblie clascie diges (sly uioran «Coul sl 43l
u»l.wl 2 Lﬁbuo:m (J’l qul:‘_;o ‘_;{.a.cl».) L}.J?U )1 J;ol> Lng SUo )I \ Cwwga ) °5‘35 s> S ulﬁ 4\.0.».‘0 Ve 9 b).:9 d] M’ LS.L\J)LQ(Q A.QJo ¥
Sedll; asgacme (gly ot e (Seolind sl il jl (a5 BB Sluws sl 05 &)

LM



Fyee BYVY axbn N JL.: AN O)LM OHY 0y9d ;)....S)fol ul)a& &“W :b).u.u

i D90 sl jlw Olasuin Y Joa

Table 2. Characteristics of the structures studied
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Table 3. Characteristics of the near-fault ground motions with forward directivity effect

Pulse
. Mag. Dis. PGA PGV/ .

No Event Station Year (Mw) (km) Com. (@ PGA Period
(sec)
1 Cape Mendocino Petrolia 1992 7.01 8.18 090 0.66 0.136 2.99
2 Kocaeli Arcelik 1999 7.51 13.49 090 0.13 0.315 7.79
3 Park field Cholame 1996 6.19 4.23 090 0.58 0.056 1.33
4 Northridge (1) Jensen filter plant 1994 669 543 022 041 0276  3.15

Dministrative

5 Northridge (2) Rinaldi receiving Sta 1994 6.69 6.5 228 0.87 0.152 1.24
6 Northridge (3) la dam 1994 6.69 5.92 064 0.42 0.181 1.61
7 Northridge (4) La=SepulvedaVA 199, (60 344 270 0.75  0.105  0.93
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Table 4. Characteristics of the near-fault ground motions with fling step effect

No Event Station Year ?/IN?V%) (ﬁ::l) Com. P((;' )A 11)1((;;‘1 fc(r}n]; If’elll‘li?)il
(sec)
1 Chi-Chi (1) TCUO065 1999 7.62 0.57 E 0.79  0.161 108 5.64
2 Chi-Chi (2) TCU068 1999 7.62 0.32 E 0.51 0.49 297 4.99
3 Chi-Chi (3) TCU129 1999 7.62 1.83 EW 098  0.067 645 -
4 Chi-Chi (4) TCUO076 1999 7.62 2.74 E 034  0.152 33 4.63
Chi-Chi (5) TCU067 1999 7.62 0.62 EW 0.48  0.195 1009 7.3
6 Chi-Chi (6) TCUO052 1999 7.62 0.32 E 0.51 0347 2617 11.95
7 Kocaeli Yarimca 1999 7.51 4.83 060 0.22 0.46 62 4.94
ol B S SOa 5 sbeilEolug (IS Olaswie O Jgis
Table 5. Characteristics of the near-fault ground motions with no pulse
No Event Station Year ?/[N;lv%) (ﬁ:lsl) Com. P(g;)A ( l;(é\[;/
1 Chi-Chi (1) CHYO080 1999 7.62 2.69 EW 0.81  0.134
2 Chi-Chi (2) CHYO029 1999 7.62 10.96 E 0.28  0.127
3 Chi-Chi (3) TCU084 1999 7.62 11.48 E 1.00  0.131
4 Loma Prieta (1) Bran 1989 6.93 10.72 090 0.50  0.093
5 Loma Prieta (2) Waho 1989 6.93 17.74 090 0.65 0.06
6 Nahanni Site 1 1985 6.76 9.60 280 1.20  0.034
7 Imperial valley El Centro Array 1938 6.95 6.09 180 028  0.113
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Table 6. Characteristics of the far-fault ground motions

No Event Station Year Mag. (Mw) Dis.(km) Com. PGA(g) PGV/PGA
1 Kobe Kakogawa 1995 6.9 22.50 090 0.32 0.086
2 Northridge (1) La - 116th St school 1994 6.69 41.17 090 0.21 0.049
3 Kobe OKA 1995 6.90 86.94 000 0.07 0.071
4 Loma Prieta (1) St - presidio 1989 6.93 77.43 000 0.09 0.154
5 Loma Prieta (2) St - cliff house 1989 6.93 78.68 090 0.10 0.133
6 Northridge (2) La - Centinela St 1994 6.69 28.30 155 0.45 0.047
7 Northridge (3) Malibu - point Dume Sch 1994 6.69 33.67 090 0.13 0.066
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(A max = maximum inelastic story drift)

(A = elastic story drift at CyW force level)
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Fig. 4. Design spectrum of ASCE7-16 and pseudo-acceleration spectra of far-fault ground motion records
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Fig. 5. Design spectrum of ASCE7-16 and pseudo-acceleration spectra of scaled far-fault ground mo-
tion records for the 4-story MRF building
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Fig. 6. Design spectrum of ASCE7-16 and the mean pseudo-acceleration spectra of scaled different
four sets of ground motions for the 4-story MRF building
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Fig. 8. Comparison of story shears obtained from the response spectrum analysis and nonlinear time
history analysis using the four sets of ground motions for the 4-story MRF building
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Fig. 9. Comparison of story shears obtained from the response spectrum analysis and nonlinear time
history analysis using the four sets of ground motions for the 10-story MRF building
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Fig. 10. Comparison of story shears obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 20-story MRF building
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Fig. 11. Comparison of story shears obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 4-story CBF building
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Fig. 12. Comparison of story shears obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 10-story CBF building
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Fig. 13. Comparison of story shears obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 20-story CBF building
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Fig. 14. Comparison of floor displacements obtained fr

om the response spectrum analysis and non-

linear time history analysis using the four sets of ground motions for the 4-story MRF building
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Fig. 15. Comparison of floor displacements obtained from the response spectrum analysis and non-
linear time history analysis using the four sets of ground motions for the 10-story MRF building
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Fig. 16. Comparison of floor displacements obtained from the response spectrum analysis and non-
linear time history analysis using the four sets of ground motions for the 4-story CBF building
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Fig. 17. Comparison of floor displacements obtained from the response spectrum analysis and non-
linear time history analysis using the four sets of ground motions for the 4-story CBF building
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Fig. 18. Comparison of floor displacements obtained from the response spectrum analysis and non-
linear time history analysis using the four sets of ground motions for the 10-story CBF building
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Fig. 19. Comparison of floor displacements obtained from the response spectrum analysis and non-
linear time history analysis using the four sets of ground motions for the 20-story CBF building
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Fig. 20. Comparison of story drifts obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 4-story MRF building
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Fig. 21. Comparison of story drifts obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 10-story MRF building
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Fig. 22. Comparison of story drifts obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 20-story MRF building
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Fig. 23. Comparison of story drifts obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 4-story CBF building
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Fig. 24. Comparison of story drifts obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 10-story CBF building
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Fig. 25. Comparison of story drifts obtained from the response spectrum analysis and nonlinear
time history analysis using the four sets of ground motions for the 20-story CBF building
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System Stories Column type Stories Beam type Stories Brace type
4 story special 1-2 C 1-2 B, 1-2 Br:
concentrically 3.4 C, 3.4 B, 3.4 Bry
braced frame
Sections description
Sec
G G B, B, Bri Bn
Par
a 30 20 25 20 15 12
b 30 20 17.5 175 15 12
t 25 25 0.8 0.8 1 1
te 1.5 1.5
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System Stories Column type Stories Beam type
1-4 C 1-5 B:
10-story special moment 5.7 C, 6-8 B:
resisting frame
8-10 G 9-10 Bs
Sections description
o ¢ G G B B B
a 40 35 25 40 37.5 35
b 40 35 25 40 20 17.5
t 2.5 2.5 2 0.8 0.8 0.8
te 2 1.5 1.5
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Scale Forward Scale . Scale . Scale
No No Pulse Factor Directivity Factor Fling-Step Factor Far-Field Factor
1  Chi-Chi (CHY080) 0.61 Cape Mendocino 1.2 Chi-Chi (1) 1.4 Kobe 5.0
2 Chi-Chi (CHY029) 3.06 Kocaeli 11.6 Chi-Chi (2) 1.7 Northridge (1) 7.7
3  Chi-Chi (TCU084) 0.54 Park field 4.7 Chi-Chi (3) 1.9 Kobe 3.9
4 Loma Prieta (1) 1.86 Northridge (1) 1.8 Chi-Chi (4) 3.6 Loma Prieta (1) 5.4
5 Loma Prieta (2) 2.37 Northridge (2) 1.0 Chi-Chi (5) 1.3 Loma Prieta (2) 7.3
6 Nahanni 1.97 Northridge (3) 2.3 Chi-Chi (6) 2.5 Northridge (2) 7.1
7 Imperial valley 3.24 Northridge (4) 1.2 Kocaeli 2.7 Northridge (3) 16.8
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