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Evaluation of seismic performance of torsionally-stiff and torsionally-flexible steel
buildings under far-field and near-field ground motions

M.R. Vafidsarkari

Abstract

Near field ground motions with forward directivity and fling step effects, can impose high seismic energy to the building.
In this paper, the seismic performance of symmetrical steel of 5-, 10- and 20-story buildings with dual lateral load
resisting system, in both torsionally-stiff (TS) and torsionally-flexible (TF) archetype buildings has been investigated.
For this purpose, the buildings are subjected to nonlinear time history analysis, which are performed with applying two
horizontal components of three sets of far field (FF), non-pulse (NP) and with forward directivity pulse (FD) records.
The results are presented in the form of peak floor displacement, inter story drift ratio, story shear as well as ductility
demands of braces, beams and columns for three categories of earthquake records. The results show that in torsionally-
stiff and torsionally-flexible buildings of 5- and 10-story under the FD records, the maximum occures in the lower
stories and the first mode is predominant. Also, for the 20-story torsionally-stiff building, the maximum demands occurs
under the FD records in the lower stories, which the maximum difference between FD with NP and FF earthquake
records, for the story drift ratios are 115% and 79%, respectively, and for the ductility of the columns, they are 894%
and 798%, respectively. Also, contribution of higher modes of FF records for 20-storey buildings are greater than the
FD and NP records; therefore, the maximum demands in the upper stories occurs under the FF records.

Keywords
Near Field, Forward Directivity, Symmetric Building, Torsionally-Stiff Building, Torsionally-Flexible Building
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Ts i 10 32 1.040 1.040 0.550 1.89 98255
(TS)
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TF) ¢ ot 10 32 1.275 0.926 0.921 0.73 112159
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Section he(cm) tw(cm) b¢(cm) tr(cm) Section d (cm) t (cm) Section b (cm) t (cm)
SG1 23 0.8 17.5 1.0 SB1 8 0.6 sc1 25 1.0
SG2 30 0.8 20 2.5 SB2 10 0.6 SC2 25 1.5
SG3 30 0.8 25 2.5 SB3 12 0.6 SC3 25 2.0
A by- y b SC4 25 2.5
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te
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tyt— h, \
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7
it sc8 35 3.0
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1 SC8 5-10 SC2

B(1-4), C(1-4) 2-4 SC7 1,2 SCé6

5-10 SC5 B1, C1, B4, C4 3,4 SC4

5-10 SC2

1,2 SCé6
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N5- TS- Translational Component in Y direction
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No. Event Year Station Magnitude Mechanism Dise EGAL BGA2 Tp (s)
(M) (K (a) (a)

1 Northridge 1994 J.F.Plant 6.69 R. Oblique 5.43 0.99 0.57 3.5

2 Northridge 1994 LA Dam 6.69 R. Oblique 5.92 0.43 0.32 1.6

3 Northridge 1994 Sylmar 6.69 R. Oblique 5.30 0.60 0.84 2.4

4 " Cape 1992 Petrolia 7.01 R Oblique 8.18 0.59 0.66 3.0

endocino

5 Chi-Chi 1999 TCU049 7.62 R. Oblique 3.76 0.19 0.22 10.
6 Chi-Chi 1999 TCU052 7.62 R. Oblique 0.66 0.36 0.45 11.9
7 Chi-Chi 1999 TCU053 7.62 R. Oblique 5.95 0.18 0.13 13.1
8 Chi-Chi 1999 TCU068 7.62 R. Oblique 0.32 0.51 0.32 12.2

9 Chi-Chi 1999 TCU075 7.62 R. Oblique 0.89 0.23 0.26 4.9
10 Chi-Chi 1999 TCU087 7.62 R. Oblique 6.98 0.12 0.11 103
11 Chi-Chi 1999 TCU101 7.62 R. Oblique 2.11 0.21 0.26 103

12 Chi-Chi 1999 TCU103 7.62 R. Oblique 6.08 0.13 0.14 8.6
13 Chi-Chi 1999 TCU128 7.62 R. Oblique 13.13 0.14 0.17 9.023
14 Parkfield 2004 Eades 6.00 Strike slip 2.85 0.32 0.39 1.218
15 Bam 2003 Bam 6.6 Strike slip 1.70 0.81 0.63 2.023

(NP) Sl G5 oS s glas) 555 Sl =V gt
Magnitude Dist PGA2 PGA1
No. Event Year Station (My) Mechanism (km) (g) (g)

1 Chi-Chi 1999 CHY028 7.62 R. Oblique 3.12 0.64 0.76

2 Chi-Chi 1999 CHY029 7.62 R. Oblique 10.96 0.29 0.24

3 Chi-Chi 1999 CHY080 7.62 R. Oblique 2.7 0.81 0.86

4 Chi-Chi 1999 TCU070 7.62 R. Oblique 19.0 0.25 0.16

5 Chi-Chi 1999 TCU071 7.62 R. Oblique 5.8 0.53 0.65

6 Chi-Chi 1999 TCU072 7.62 R. Oblique 7.8 0.48 0.38

7 Chi-Chi 1999 TCU089 7.62 R. Oblique 9.0 035 0.23

8 Loma Prieta 1989 ucsc 6.93 R. Oblique 1851 031 0.41

9 Loma Prieta 1989 Bran 6.93 R. Oblique 10.72 0.46 0.50

10 Loma Prieta 1989 Corralitos 6.93 R. Oblique 3.85 0.64 0.48

11 Loma Prieta 1989 WAHO 6.93 R. Oblique 17.47 0.37 0.65

12 Cape 1992 Cape 7.01 R Oblique 6.96 0.50 1.02

Mendocino Menocino a

13 Nortridge 1994 B.H.Rd. 6.69 R. Oblique 16.88 0.11 0.16

14 Northridge-01 1994 Sunland 6.69 R. Oblique 1335 0.13 0.16

15 Northridge-01 1994 S.Ground 6.69 R. Oblique 16.74 0.23 0.29
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A(FF)JM.f)'I)J:E)'? s, S Clasiin —A Jgd

Magnitude . Dist PGA2 PGA1
No. Event Year Station Mechanism
1 Kobe 1995 MZH 6.9 Strike slip 69.04 0.07 0.05
2 Kobe 1995 OKA 6.9 Strike slip 86.93 0.08 0.06
3 Northridge-01 1994 Old Ridge 6.69 R. Oblique 20.11 0.57 0.51
4 Northridge-01 1994 Gabriel 6.69 R. Oblique 38.86 0.14 0.26
5 Chi-Chi, 1999 TAP103 7.62 . 114.28 0.12 0.18
. R. Oblique
Taiwan
6 Chi- Chi 1999 TCU095 7.62 R. Oblique 45.15 0.37 0.70
7 Hector Mine 1999 Amboy 7.13 Strike slip 41.81 0.18 0.15
8 Bam 2003 Abaragh 6.6 Strike slip 47.16 0.17 0.11
9 San Fernando 1971 Lake Hughes #9 6.61 R. Oblique 22.57 0.17 0.14
10 Landers 1992 Amboy 7.28 R. Oblique 69.21 0.12 0.15
11 Loma Prieta 1989 Golden Gate 6.93 R. Oblique 79.71 0.23 0.12
12 Loma Prieta 1989 SAGO 6.93 R. Oblique 29.54 0.04 0.06
13 Loma Prieta 1989 SLAC Lab 6.93 R. Oblique 24.82 0.19 0.28
14 Loma Prieta 1989 Downstream 6.93 R. Oblique 20.26 0.25 0.24
15 Loma Prieta 1989 Presidio 6.93 R. Oblique 77.34 0.10 0.20
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N5- TS- Structure Periods and Scaled Mean pseudo-acceleration spectra of the records
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NS5- TS- Displacement- CM- Y
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N5- TS- Story Drift- CM-Y

5
4
3
e
Q
a, =-FF
-»-NP
1 FD
0
0 0.2 0.4 0.6 08 1
Story Drift Ratio (%)
N10- TS- Story Drift- CM-Y
10 =
9
8 .._IT[.‘
5
-NP
6 -
- :
S 5 FD
2 4
3
2
1
0
0 02 04 0.6 0.8 1 1.2
Story Drift Ratio (%)
N20- TS- Story Drift- CM-Y
20 T
e m
18 S
16 -
14
12 =FF
g 10
A -»-NP
8 =
FD
6
4
2
0
0 0.2 0.4 0.6 0.8 1 1.2

Story Drift Ratio (%)

NS5- TF- Story Drift- CM-Y

5
4
3
oy
)
@, =FF
-o-NP
1 FD
0
0 0.2 0.4 0.6 0.8 1
Story Drift Ratio (%)
N10- TF- Story Drift- CM-Y
10 .
9
8
q
6 =FF
B
85 --NP
17}
4 FD
3
2
1
0
0 02 04 0.6 0.8 1 1.2
Story Drift Ratio (%)
N20- TF- Story Drift- CM-Y
20 ° 2
18
16
14
12 =-FF
S 10 --NP
2 g
FD
6
4
2
0
0 0.2 04 0.6 0.8 1 12

Story Drift Ratio (%)

wdhdﬁingiﬁL;LAQLQ:&-L.«:ura;WL;LAJK..Z;.,:SJSA{YQ.@;_-);Q@brﬁﬁfd\ﬂaufbw&b_-qb_-—l\JS.‘J»

P ey Lokl il

JeS S s 55,58 4 ) ol 5 51 5 i FF
FD LFF (sladl )5 5,58 aws cpule M| oy 5 s &S ol
Ol & i fy S 5 05 (o b ¥ Olela 6l
Sl orimen (Sl Yo dib 0 by e 55 8 5 oy VY 5 YY
ol s olab s, aib Y e ey Ol
S S FD gladd 55,55 5 ans ¢l ot Sl 5 ol
Sl b oaib Yo sbaolatle @l oplply soed FF
wl S O FF laddils 5,585 was 5o VG las s
23 (e 35 o oS FF 5 FD Sladl s 5,58y ans 55 o
IS ol o misF son s sbolesle

el FD (gadd )5 5,58 5 anas (gl 5 sl 550 03 0 Jle

2V /g q ojlw (g g Galc ayps

Slab b Y
o 0 ey SOl b gl L Db i (1) K
534S e OF 51 (S Lals s as o OLES 4k Yo 510
AUl olib p il 0 o s e sl sladle L
Slaolastla gl s ol alin by o5 A3l 55555 4t 4w
s gl ok B s Sl sl olis o aib Ve
3,555 s (e BV ST aoilin o5 FD 55,55,
Ojes & S 5 05 oy SOkl sl FF L FD 4315
Lagb Yo gaglasle ol ol Jsl dad 55 5 Loys Yo
FF lad s 5,85 e 5o 5V glas e oS lis 4 x5

sladsls 5,8, arws sl VL olib s wlib L3 650

lCeP (jLiawoj - pg> g o (s0)lod - pguw g (b



V95 sloglaislw gslojp >plac (bj)!

Ciau g pp g litay 5>

(103 il g3 piuny |

1 9)9>0j9a sloaljlj

AT

NS5- TS- Story Shear- Y

)
4
7]
2
1
0 100 200 300 400 500
Storv Shear (tonf)
5 N10- TS- Story Shear- Y
9
8
-&-FF
7
6 --NP
g ¢ \
2] 5 - FD
4
3
2
l )
0 100 200 300 400 500 600 700
50 N20- TS- Story Shear- Y
18
16 il
14 -o-NP
12 FD
g 1w
LA
6
4
2
0
0 201 600 800 1000

0 400
Story Shear (tonf)

5 NS5- TF- Story Shear- Y a
S
4 §‘
E\ 3 ‘;_L
) S
94
| ’
0 100 200 300 400 500
Qtarv Shear (tanf
- N10- TF- Story Shear- Y
r
9 s
x e
7 -=['F
6 -o-NP
g 4
@ S - FD
4
3
2
1
0 100 200 300 400 500 600 700
Ctane: Clhnne fenad
- N20- TF- Story Shear- Y
18 -
16 3 =FE
14 --NP
% 12 K LS FD
s 10 . ‘n\'
z =
8 - e Sy
6 - e~
4 . A
2 ‘c \‘}
5 . =
0
0 201 600 800 1000

0 400
Story Shear (tonf)

(a‘).'smshdwu:wbw&upjw&iﬁéubwu:%wéup%‘;@YQﬁ-)bQ@&j—*Js.f:

A Bl bdles s 6 4 IS0 5L () IS

slaola=le gl s C OB 5 Coew oy latle=le 5
Lozl el 51 S Lols el s o il | 5 sy
en Glp 35 oS, s ae s Olb des
sobastl gl bl gad il o axlllas 5550 slaOloant L
e o Sl gl o s o 0L AL D S 05 oy
Slp promer L QLS o U s )8, e
olie S a3l 51 Sl bl e aib Ve slaolazsla
sesle Sle s ol b 5 FD glad 55,58, aes gl »
AR el 50,585 as cpl 3 ol 30 03l
35 s SOl gl FD A3l 5,585 s 55 5L
ij}lﬁ.;b)é VA4 5 VAA ol s Ja dad Ve

bay,les s JS2 5 ¥
OHLS LIS 3 Wpd e S IS s shlee slas]
Sy dsb i lp basles 6 JSK0 50 b
A (5 A ISE 5L Olpeas 23S (5500 Sl L bl
Bl 64 S50 Olpsa S L o0 sl s
S slr ol Oopalin Jhha 5 Cl ald apuls
Sy el edd 1 OB s do)le Gl b )l
Sy el st G o i lge sl (sl Lals sad &1
g Dopen SahJSE L shles glasl

Braces: Hu=1+(up/uy) M)

03 Ko ,0i ) 5 see Sty K8 080 Sl (up) &
A3 e e sl

290 g ojlw ¢ liingj) g cale apit /7 SN

ICeP Liaso] - p9> g Ja (s0)Lod - pguv g (v Juw



NS5- TS- Fr A- Brace Max Ductility Demand
=

5
4
NP
5 3 -=FF
w
FD
3
1
1 15 2 25

Ductility Demand
N10- TS- Fr A- Brace Max Ductility Demand

10
9
8
7 -NP
g ° =FF |
a5
4 FD|
3 \
2 A
1
1 1.5 2 2.5
Ductility Demand
i N20- TS- Fr A- Brace Max Ductility Demand
18 -
16
14 =-NP
12
g0 i
v
8 < FD
6
4
2
0
1 1.5 2 2.5

Ductility Demand

A G FFLFD gladls s, 8, anws ole 3Dt Sl
ool Aoy Vo s Ol 9o

S NS5- TF- Fr C- Brace Max Ductility Demand

4
~-NP
53 -=-FF
7
-~ FD
2
1
1 255
Ductility Demand
N10- TF- Fr C- Brace Max Ductility Demand
10 -
9
8
7 -NP
6
S &[T
XA S
4 « FD
3
2
1 £
1 1.5 2 25
Ductility Demand
N20- TF- Fr C- Brace Max Ductility Demand
18 =
16
14
12 - NP
o
3 10 e
2 g
6 « D
4
2
0
1 1.5 2 25

Ductility Demand

ey Coon Sl S5 5 S o Okt oo o sl K2 O 54 € 5 A GlaB s b jlee ST (60 K5 5L -V IS

oo (5 sde e dalle s 5 e DlED
ole el olib s bolastle daa (¢l FD Ol J1 555 0
Yo olele (gl oS s 355 e oibe 5L LRl Cor e
el S AL lasse Sl 0 5 s 1D
Bli= cpd o 5L gl O)) IS8 s
o okl gl s Fa C OB 5 A CB sl ke
53555 s e o (S ol S e ] ) S 5 e
33dpe AimSle iman Aies 4lis FD 5 NP FF gladl3);
by db 0 p 5 cho Ol 53 508 (5 Ay JS3 5l S
ek gl 5 b Ve Oletle gl 5 poler 4ib Ao lee 4

V50 S iy a0kl (gl a5 I3 sl 5L

£4/3lgd g ojlw ¢ finghy 9 pale aypls

S5l bl (e oy b Tr DLl ol
5 i a8, aes aw e gl sl S VL glas e
@i des Sl alie o 5 s 5 ul;'c)ajuﬁliou?b
Sl 35 A VAY O s a FD 5 NP FF slad 55,55
Sl Opamed A gy 5 p> Db 3 VAT 5 s AL
o YL slas e oSl P aab Y ol
Al s ol s FE (gladd 503,555 ans gl 2
35550 o lin FF 435 5,58, aws e WL Slid 5 5L
FD 5 NP FF ladl 5 5,58, arws sl 5l pslie o 5t
WWoaak ;s VA 5 W by g VAY VA C S

03IV 5L slas FD sladd gl 5,58 5 aws (gl y Jg Lo

lCeP (jLiawoj - pg> g o (s0)lod - pguw g (b

Hrren



V95 sloglaislw gslojp >plac (bj)!

Ciau g pp g litay 5>

(103 il g3 piuny |

1 9)9>0j9a sloaljlj

AT

3 NS5- TS- Fr A- Brace Min Ductility Demand

Sl il e S Sleatle gl 3 s pal aib

el VG 5 Gl DL 5L SN Soml olib

s NS5- TF- Fr C- Brace Min Ductility Demand

\
4 4
NP --NP
g g
Z 3 -=-FF 23 1 -=FF
'
~FD ! - FD
2 2 *
1
!
!
1 s 1 P
1.4 1.6 1.8 2 22 24 14 1.6 18 2 22 24
Ductility Demand Ductility Demand
& N10- TS- Fr A- Brace Min Ductility Demand N10- TF- Fr C- Brace Min Ductility Demand
i 10
9 9
8 8
7 --NP 7 i NP
\
g6 = FF £ 4
- g & s ! =FF
1 W
4 { -+ FD 4 s =FD
3 3 4
2 : 2 s
1 1 A
1.4 15 1.6 1.7 1.8 14 L5 1.6 1.7 1.8
Ductility Demand Ductility Demand
i N20- TS- Fr A- Brace Min Ductility Demand N20- TF- Fr C- Brace Min Ductility Demand
+ 20
18 } 18
16 ‘ 16
14 =-NP ‘ 14
12 2 NP
£ =i | E .
7 \ 2 =]
8 +FD ; 8
6 ‘ 6 ~FD
4 i 4
2 | 2
0 | 0
14 1.5 1.6 1.7 1.8 14 L5 1.6 1.7 1.8

Ductility Demand

Ductility Demand

)5 puatbg bb)ran0

ey oo Gl K 5 e ey a0t b i oo Lo K0 5 5y € 5 A el s o )l Jla (6 0y S5 5L VY IS

05 st sloletle

oo 4ib O e 5 iy g0l sl by

b5 iy S 5l -0

MdugwbdlﬂAng}duﬂjdﬂiﬁJ&&jL’d
b.)ﬁwoMuﬁ(\Y)pjé@Y' j\' @C,o'bwjrjj

el kg e 51y s 5 s 41 68l s a5

ol

MWgd g oju (il g cole as / Ve

ICeP Liaso] - p9> g Ja (s0)Lod - pguv g (v Juw



NS5- TS- Fr A- Beam Ductility Demand
L

5
4 | |
) NP
S 3 n = FF
-+ FD
2 [}
1 - -
0.5 1 1S 2
Ductility Demand
N10- TS- Fr A- Beam Ductility Demand
10 i
9 L]
8 [ |
5 Z 1 +NP
"
% 5 =I'F
|
4 | il
3 [ ]
2 " A
1 - &
0.5 1 1.5 2
Ductility Demand
N20- TS- Fr A- Beam Ductility Demand
20
18
16
14 . <
blz o\ N -+ NP
210 3 =FF
w e WA
s "t +FD
i on A
oN £
4 A
2 f !
0
0.5 1 1.5 2
Ductility Demand

N5- TF- Fr A- Becam Ductility Demand
L

5
4 [}
+NP
g =
Q3 n = FF
[75]
4 FD
2 't
}
1 »i
0 0.5 1 1.5 2
Ductility Demand
N10- TF- Fr A- Beam Ductility Demand
10 #
9
8
7 NP
-
26
8 =TT
xS
-+ FD
4
3
2 'y,
1 'dA
0 0.5 1 1.5 2
Ductility Demand
N20- TF- Fr A- Beam Ductility Demand
20 i
18 l.
16 Y
[ g8
14 LS N
> 12 - *NP
=4 10 :/A = =FF
72} ¢ -
4y A D
6 i
4 : AA
2 . &
L 9
0
0.5 1 1.5 2

Ductility Demand

J:%L;uawu:wbw&ut}ﬁ}w%éwwu :%WL;L&L}SJ« i A OB gl s L;ﬁjidi,z;g—\‘r JS..%

B IR e ol SRk S FD oS Koo 5 85 A5
FD 5 FF 43155, 585 arws S ba3ld o 5 o J5 Sl 0
Ly 33 3 W00 5 VP i gy ity Ol
WV o s o i Oleztls (gl 5 iz VY i &,
(e S kSl Vil by s VY 54 5 Y olib
Wd Sl Covw oy aib Vo Olatlo 6l 5L o 5 5
W S g oy Olale S FD ladis 5,8,
S Sl S3LB oomen 350 0 edalin FF glad 3l s, 8,
Sl Bl e e ol Slib s ol b daa g1y FD &l
SYL slas e ol Hadl Yo slaosle gl S conl o 5L

e e SYL Glasge 5035 S e

V1739 g ojlw iiagfy g pole ayps

035 omly Dlib 5o e, s i) ladlela gl

crioman 3,13 Ol ol 53 Uil 550 03 i 51 0L
Cad S 5L b Ve glaolastle gl 3 pd e il
3 35 3,585 anes 53 31 St FD W35 5,585 avs )
G e iy Olezsle sl &S ol NP FF
FD &35 5,85 4t S 5l Jldde S 5 035 oo goams
SR bl oo oy Olaitlo gl p90 Al s by e
St el VAY Sl U 5 g ozl 51 5ty /05
b ol 5 o e M T claOll
Sl 5 dmes aib V5 0 glaolale I fes S
el dalia LB alsls 5,85 ans 4w a gl y YL slas e

))ﬁ)@)g@j(}&@\" ULQ.:.?‘LNJQIALS‘JJ

U

lCeP (jLiawoj - pg> g o (s0)lod - pguw g (b



V95 sloglaislw gslojp >plac (bj)!

Ciau g pp g litay 5>

b

)i 993 0j90 sloaljlj Cua ailf > iy

LB 5 A Gl s o st sl ISE 5L () JS

Ol aib 0 5 5 Coew Sl sbaOlele ¢l o5 5
spd s alede aib O G iamy Olentle gl das e
b Jol Al Sla0 s Aljl5 5585wt aw p Lo &S
3330 S FD A5 5,58, anws gl 5L alas 5 Lo
wws s bge S St 5 Sl KOs U35 5,585 4
e e VO L 5 AL O 53 FD U35 5,8,
NP 5 FF L FD 435 5,58, atws ule 5L Ol sl
A3 5 Ao Y ssie Ak 5 AL Gl sie 4 by e o St

.JL:.M.AM)JY' j"‘j"

NS5- TS- Column Al- 22 Ductility Demand

5
4
= NP
53 4 +FF
& ‘
¥D
2 \
1 e N
0.5 1 1.5
Ductility Demand
NS5- TS- Column A2- 22 Ductility Demand
3 ?
4 ¢
; - NP
53 ~FF
wn
[ FD
2
| R
0.5 1 1.5

Ductility Demand

Lo s g pds JS5 55 —F-F
Gl by bosm xR JSE 5L 00) JI () sla IS
Agli b das e 0L S 5 g iy sbaolesla
g LS spdpe i Me S 50 o glallele
slolastle gl eddsdyles Slaol S35 Joe o
oy SOkl 6l 5 A e S0 st (e oy
@ oarg booonbl ol Glew B e gl o5
A b slad s @L“.} bas Glasl culey Qaﬁu_lljx_:
Sl 5 o phomy laOlele Gl 4 B

Lledss

N5- TF- Column B1- 22 Ductility Dmand

5
4
- NP
5 3 ! ~FF
5 |
| D
2 |
1 |
0.5 1 1:5 2
Ductility Demand
NS5- TF- Column B2- 22 Ductility Demand
5 |
\
4 A
} * NP
53 4 ~FF
3 .
FD
2 ]
! e
0.5 1 1.5 2

Duectility Demand

P sl enly Coos gl S5 5 S i Ol oo e sl K8 S WO s (5 K2 5L VY IS

29 g ojlu ¢ liingj) g cole apis / V¥

)5 puatbg bb)ran0



NS5- TS- Column A3- 22 Ductility Demand

i
| - NP
&3 | e
71
2 \ FD
\
1 >
0.5 1 1.5
Ductility Demand
NS5- TS- Column A4- 22 Ductility Demand
4
+ NP
E 3 ~FF
wn
D
2 $,
1
0.5 1 15

Ductility Demand

N5- TF- Column B3- 22 Ductility Demand

5 |
4
; = NP
g 4 ~FF
& I
A
\ FD
2 Ly
\
\
1 Vo
0.5 1 1.5 2
Ductility Demand
NS5- TF- Column B4- 22 Ductility Demand
5 ‘
4
= NP
E} --FF
3
FD
2
1
0.5 1 15 2

Ductility Demand

05 st SOl il o sl IS 5 e iy a0kl i e (sl S ity a0 gt (52 IS5 S VY S

A B A Gl s W3l bl s gy S 5L
OF) JSo 5o akb Ve o5 5 Coen oy sbatletle 6l 5
23 g o odaline

anglis 3 aib Ve gladletle 53 Lot sl bl sed
OLE 15 (500 S el e ey 42D 0 Oleztla
Sl FD sladl s 5,85 ares el st dos 5l s 0
o3lo 4 FF 5 NP Sos glad 5 ares 5 4 Sl (500
S s e ol b Sk s Wl pl 5 S e Jees
sl o3l cpl 53 Jgl 3 g0 S

N10- TS- Column A1- 22 Ductility Demand

10

9

8

7

- NP

6
2
S5 ~~FF
wn

. FD

3.

2

I 'S

0

0.5 1 15 2

Ductility Demand

Sl a e b adb 0 p ) Gl Olle Gl
95 53 hoyles sl clabu Jo 53> B3 5 B2 glag sa

o3l 'C) &xli:\j.rlé}J)J LAQJ@M‘ML&YJXC«?

Awd 6‘;%;&3\-5-‘ Lfi\“s“’d‘ oo |, 6)39;.3)'@)@\
55 5l St FD s NP LS Sossi i35 sladl s 5,8,
Cos B3 gt sl Wl Slads iSlas (Sl FE LS 51 550
Llea J}‘;J::.lé)b AVAIN JJ\J.'FD)NP 6[.&45)3) b)jS) Lwd

el Lo y3 V0 550 FF (gladd 315 5,585 axes b 0T vl

—
e o

Story
S = N W kAR WO

N10- TF- Column B1- 22 Ductility Demand

0.5

- NP
—FF
FD
|
0\
1 L5 2

Ductility Demand

P sl el Cons gl S5 5 S i Okt oo e sl K8 5 Sa O s (5 IS 5L -V IS

Vb /396 g ojlw ¢ iinghy g pole aypds

Hrren

lCeP (jLiawoj - pg> g o (s0)lod - pguw g (b



V95 sloglaislw gslojp >plac (bj)!

Ciau g pp g litay 5>

(103 il g plugn b

1 9)9>0j9a sloaljlj

AT

N10- TS- Column A2- 22 Ductility Demand

10 :
9 .
8 !
. NP
6 y =
g 5 l\ ~FF
Ly FD
3 »
2 o
: |
0
0.5 il IS 2
Ductility Demand
N10- TS- Column A3- 22 Ductility Demand
10 <
9 1
8 $
7 =
o e
E 5 ~+FF
w2
& FD
3
2
1
0
0.5 1 1.5 2
Ductility Demand
N10- TS- Column A4- 22 Ductility Demand
10 *
9 i
! ! NP
6 4 .
E 5 * ~+FF
= ‘
4 l\ FD
3 'S
2 A
1 13
0
0.5 1 1.5 2

Ductility Demand

N10- TF- Column B2- 22 Ductility Demand

10
9 {
8 1
. ! NP
6 ¢ -
5 5 4 ~TF
“ 4 % FD
: )
2 ‘&[
1 ¢
0
05 1 15 2
Ductility Demand
N10- TF- Column B3- 22 Ductility Demand
10 i
9
8
7
2 o
S5 ~FF
74 \ FD
3 "
2 \I
1
0

0.5 1 1:5 2
Ductility Demand

N10- TF- Column B4- 22 Ductility Demand

10
9 1
8 i
7 1
.6 ] -+ NP
85 ¢ ~FF
wn .
4 ! D
3 °
2 !
1 d
0
0.5 1 1.5 2

Ductility Demand

(aj' oo sOlastle il y G L;LAJ&.’:; e phomy Gladlet b i Cae L;LasL}ii o 4 ) st L;ﬁjg'(_}ﬁi el ‘_}S.b alsl

MY CS S FD gladd ;5,68 5 4wy 5 B4 3 B3 B2
5 OS] Sl dims sl B 3 )08 5 VA A
i NP 5 FF LD ladsls 5,55, ates o W0 st
Ot 53 A3 V) 5 A3 Ogie ty g a5 oy Vo ssis
sl B2
LB s A Ol slhosin ¢k IS 5l (10) IS
Ol aih Yo o)y o o Olerle gl o S
v bl (o oy dab Yo Slantle gl s e
e 35 5 S e g gims b FD (glad 55,555 4z
Fo ol ol Db s &S Sl NP FF gladjls )58

A2 A1 b giw gl Wil o 5 s o5l o0 ad>de

VFA 5 VAN sl dib s VOY il s e Ad 5 A3
Sl dzea Jol a2l gl WY £ b 4 by
0) 554> FF 5 NP LFD (slaalls 5,55, ams opusle 30|
aab Vo platle gl g (G Al Osin a0 by e g Ao
5, wws Cov Jol ik s b s S s
FD (sl p oilor 4 oddsnyly 5L ,\Jlommlm: FD lad;l;
et ol FF 3 NP Ko U305 5,555 axes 55 31 5 i
B e 3 OAiS3ls Jsa B3 5 B2 lalsn sl 5
22 5 Lol Sl 5 el Ly 5o s les laB

B1 (slad s (sl W5l ST A2l o o5 b o) DD

2Wgd g ojlw ilingfy g ale ayps / Vic

ICeP Liaso] - p9> g Ja (s0)Lod - pguv g (v Juw

)5 puatbg bb)ran0



20
18
16
14
12
10

Story

—
(=)}
B R N

8 FD

N20- TS- Column A1- 22 Ductility Demand

—

--NP
~+FF

é

0.5 2.5 4.5 6.5 8.5

Ductility Demand

10.5 12.5

N20- TS- Column A2- 22 Ductility Demand

<-NP

FD

o & 808823 >3 32-3-3
..,..
s>

0.5 1 1.5 2 2.5 3

Ductility Demand

3.5

N20- TS- Column A3- 22 Ductility Demand

2 >0 0200

NP
~FF
FD

o0 2

o

0.5 1 15 2 2.5 3

Ductility Demand

35

N20- TS- Column A4- 22 Ductility Demand

P
¢
1
'Y
b
3
'I

4 ~FF

€

*
*
L)

0.5 2.5 3:5

Ductility Dmand

4.5 5:5

J@waumuudp)\wm))}w‘a}b

RO P

N20- TF- Column B1- 22 Ductility Dmand

20 1
18 s
16 :
14 S
12 # NP
S 10 ¢ ~+FF
wn
8 2 D
6 2
4
2 "
0
0.5 1 1.5
Ductility Demand
N20- TF- Column B2- 22 Ductility Demand
20 0
18 3
16 L\;
14 A =
12 o =
E 10 ~FF
FD
6 ]
L]
4 °
2
0 L
0.5 1 15 2
Ductility Demand
N20- TF- Column B3- 22 Ductility Demand
20
18 ;
16 L
14 i &
12 AT R
E 10 { ~FF
28
p ¢ FD
4 N
2 .:' N
0
0.5 1 1.5
Ductility Demand
N20- TF- Column B4- 22 Ductility Demand
20 p
1
L8 3
16
14 NS
< ~NP
2 12 a//
s 10 4 ~FF
ZI
4 FD
6 3
4 1
b 3
0
0.5 1 1.5
Ductility Demand

rfgﬁsugwuzwbw&uy\;)wmdwwu :%WL;LAJSJ%‘ZJJJ@ hoﬁwéﬂ%ﬁijg—\b‘_}i&

SYL glasse oS lis FF gladdjly 5,58, axws (¢l A3

Bl oml Db s 5k Sl Sl s 55d s dalis

solie iSlus 3 NP gladd sl o, 685 anes (6l 5 Sl 0l

U0 /39 9 ojlw (gl g Gale ayps

Sl FD laddds 5,8, s cow 5L polas Sl

YEY X0 N FA oy o S Ad 5 A3 A2 AT lao s

A2 g s 5> .ol J}l:\irla);O/TOj¢y3.i,by‘laf

Sl
ety

liCoP jliswoj - p9> 9 Ja (s0)loud - pquv g (- Juw



V95 sloglaislw gslojp >plac (bj)!

Ciau g pp g litay 5>

(103 il g3 piuny |

1 9)9>0j9a sloaljlj

AN

Olalos (gl aal Yo slaglazle gl 5 FF slad 3l 5,58,

ol gima b 0 5 oy

S 7S aoes ¥

5 ok O oS Sosp 55 lad iy Sl clis s
cbgm)(ajj&iﬁoju;ﬁ sbole=le 6o, b JAL,':
dglis 555 835 Sadl s L5 Ad ey adb Y 5 )
s o Sy g S Sle) s U la e NI
slral Gl ) bl ol Sl Ske &) son 8
S e 5 Slib 2 Olib il pbals (olid
238 513 bl s pe O s 5 W e lee (6 0y 1SS
ws 3l sdelewnas @l:.'. S S FD gladdsls 5,585 anas
Ol 58 b Dt |l aseilor cdea FF g NP (sladl 155, 5,
O.:.: uﬁ:?l U’-’-l 9 J”li@ J:‘ilj'e‘ gajL.n )j'.’.]i 9 QL&.}L« CLL?)\
doys VA 53 N0 Ll cw e aib Ve Olasle gl Lol
S Sl alie A3ty 5,8, ates 4w a5 aib 0 Olatla
il S b ol Sos U35, 58,5 s 55 51 5k
CLiS)\ sl L FD sdily 5,8, aws gl olib
;.;l;.i O3 5 o 4 a5 Loy bolesle sﬁj_{.)ol&:ﬁ-b
ijsu\ah ksl'h)ﬁji BE FD 6[.&4.])) J))S) MJJL:b
p P o Ol ¢ 55 55 8 gl NP 5 FF (sladljls ans
3 e S iz saolaz b 6l 5 FD slad s 5,55
CLAJ)I ol b el ol as il (JJ e Ol L
Azea FD éudjja)ﬁjmsﬁtgx;uiﬁ

ol olib 5 FD gladl; 5,58, aws cow olib oo
S sl Sl Olastle 3 Sl 331G 5 conl Olazsla

3,55, s b Lol wdasl 5 FD glad s 5,58, axwes

A1 Ogie 53 V¥A ol o 56 NP 5 FF (cladlls 5,55, as
s e OS] Sl s Ad g gl VFY
Aoss VAA 5 ASY (s 50 FF 5 NP L FD dj5 slas, S,
23S ok Sl AL Ok b e 5 e dib )
3535055 s dw pa gl S oy 42D T Ol L
5 o b Yo DLl ol ol B sl s s
S r 0 lestle ol Clib s o s s e dls
A5 o585 ames aw o gl VL Gl e 8L L ad s
plie JShe s e edalin VL 5 Gle DD s ol
5555 4wy Cou B4 5 B3 B2 Bl sl ¢l U
b 53 VIVF s dib Gl VTP 4l s 4 FD gladlils
ol bk (5l VYT e 5 s 5 033 SDliD L3 VY0 AT
S FE sladd s )58 avas Jl s 5 Sde slie 5 ol
WL s V/Fe OF G gl VFE g i 3 VY
S Sl M S e Geemes Aea WY adh 1IN
& byye s W iDL 6l VY ssam NP 505 5,8, ans
3,555y 4w Sl OOl Slas .l B3 3 B2 lad s
pom Ak )3 Lo 3Tl o5 S0 NP S FF LFD gladl )5
Aied Bl O & bge ps2 aab gl Aoy ¥P o
AL lasge S 5L FF ladl il 5,555 s Gl sl
2wl FD 5 NP (glas; S5 azs 31 5 A
Slaolatbo gl 483 50 0 edalin L0 i il 5o 0 b
SFD ladd gl 5,58, arws o bl Sl oo iy
Ao Olaztle ol Db s Wl AL b 4 by e
et Deh Bl 250 dallaztl cpl 3 w5 cp
Pl 53 B3 5 B2 slod g o5 oy laobeile sl
Gl 6 sy stalie Whdd ols ot Oletle
Slatle sy 5L slasge oS lie wid Yo glaolazsle
Slp &S s cesl I Il o5 5005 508 S oy
S oS e FD lad s 5,585 atws o5 hamn Olantle
sl GO Gl s ol b 5o (LS s ¢l s D)
d Lo o iy KIS Jred Gln 5 oy Dl
b glael ~b 4 Ll Glogs ax 5 FD gla dd 55,55,
ol e [ ] dallas fms L oS ol bolaztle ol

wws Cod YL las s K ol oS 353 o0 aeDe pomas

290 g ojlw ¢ liingj) g cale apit /U7

ICeP Liaso] - p9> g Ja (s0)Lod - pguv g (v Juw

)5 puatbg bb)ran0



Clb G 4 Ok sl LI L LS LS wdd Y
sdalio BB VL (lasse oS5lie 5 b e 528 SV
FD sladl s 2,585 atms Cod (6 0y IS0 5L ST Lo
L;LA;_,AC,S)L:..«V.&J:.L:—WE.,LV Csw o Qe b (6l 5
o Ol sl s Soal ik 5o 5L St L
Fo Vb ik ol Sk 5o Jolase S S sle b S
sl 03ls
L0 g (§ s IS5 5L FD sladl il 5,555 ) ans ol =
ol mb olib js s 5 s SOlele ol
] wgemen Hlan Cn oy slaglez e (6l 565 5a
Al o Gl 8L Ve Oletle 6l 5L ST el
LFD sladd sl 5,555 s e 3Dt Slam 5 ool Vo /FA
Slp eemen Aies o) VAA 5 MY (5 54 FF 5 NP
2oedhe Gle el 5o o) oy ik Ve oLl
ConS b osle ol Slib (glal st (5 2 Ay IS 5L 153l
Sl A lasge oSl b VL Slad (Jsl s
il e
b V50 o e oy sbaolele s -
FD U35 5,55, aws Cod (58 55 b gbaolerle)
Oramen ol LIS dlase 5005 ol b 5 5L S
Sl FoS gl hp badb Ve Con Glomy Olele ¢l

FDRJ}S)';)}S)@:&\J{)'L_JJ;S\,\;-‘DJMQL«:}LAQ

23 5k S (e ey Olale 4 od by B
s e 'C)JJYL! olab
Sl FEA505,58 5 ans gl 5V lasse oS5l -
NP 5 FD (slad 5 5555, 4t 3l i 4ib Vo slaolele
5,555 aws Cow VL Slib s 5L Slas el ol
Aas e 5 FF slad )
FUl > § 5t bl daploztle gl 2l L -
R PP e B P SO S T R VPR ek Olaz L
Sy gt gmal sl gl BIB0 Ll

Al Sl ol st 2

W 7 398 g ojw (iliagh g ol qpis

Lol e O] sl b o Jiol33l FF 5 NP glad 35
s o3 AT ST L aib T olasle gl
Sl mb aib 0 Olale s S e sbOlele ¢l
aib ) Ol sl s el bl 355,85 anis 4w o
ole el Olib s 5L Sl coen Jhoms Olastle alis
aslie ys ax Sledas o FD slad 3l s, 8 aws Coo
ol T3 3,58 5 s b s OVt e oy Dzl L
Loaib Yo o o Ol (sly ol 505 FF 5 NP
Sl Db i ol 5L Slas GG glas ge oS L
A oo 'C)JNQ Slab s iy s, 8, aes 4w o

Lo 5 py sy sbOle ly Clib 5y -
b b ) baolastl gl Jesm alie b5 aib 0
el S FD A5 5,58, anes gl Sl Sy 650
AV slasse wSilie a5 L adb Ve ladlesle ol
b s b g FF o glad s )8, a5
3 Jeol B Sl S FE glad 5 5,85 anes S
23 ommen el S Sonp o glad s 58, wes
IS Db G s mF o s sbolela
sl FD sl 315 5,585 s sl Jsl 050 05 50

saolatle gl batles Sl 4 IS0 5L -
alie d3l5 0,55, atas aw o Gl Lo 50 oy 4200
sakb Vv o e S ey gbaOlatle gl Js LSk
5555 Khws S Sl ST i Yo e e ezl
Yoo o Oletle gl el il Slib 5o 5 FD 4305
s pa sl 5l S GVL las e SSOL L il
Srh Ko Wi @l osle Vb Dlib s Al s, 58,
Sl A5 8, e s gl bale Bl
s il ) 3 50 GOl L

aws Sl b5 g dy K5 5L i b 0 laplatle 55—
Gholatle Gl pames ol S FD slad 5 5558,
ealie ol Db s 3 5 ks K2 81 i )
S hamy Olotle gl la s (6 ndy IS5 5L 5 555
S0l b sl el 5t 0 oy Oletle & o

lCeP (jLiawoj - pg> g o (s0)lod - pguw g (b



V95 sloglaislw gslojp >plac (bj)!

Gaw g pp plitad 5>

Cun ailf g i by

1 9)9>0j9a sloaljlj

AT

[15] Papageorgiou, A.S. and Aki, K. (1982),
“Aspects of the mechanics of earthquake
rupture related to the generation of high
frequency waves and the prediction of strong
ground motion”, International Journal of Soil
Dynamics and Earthquake Engineering, Vol. 1,
no. 2, pp. 67-74.

[16] Archuleta, RJ. (1984), “A faulting model for
the 1979 Imperial Valley earthquake”, Journal
of Geophysical Research: Solid Earth, Vol. 89, no.
B6, pp. 4559-4585.

[17] Anderson, ].C., and Bertero, V.V. (1987),
“Uncertainties in  establishing  design
earthquakes”,  Journal of  Structural
Engineering, Vol. 113, no. 8, pp. 1709-1724.

[18] Wald, D.J., Helmberger, D.V., and Heaton, T.H.
(1991), “Rupture model of the 1989 Loma
Prieta earthquake from the inversion of
strong-motion and broadband teleseismic
data”, Bulletin of the Seismological Society of
America, Vol. 81, no. 5, pp. 1540-1572.

[19] Stewart, J.P., Chiou, S.J., Bray, ].D., Graves, RW.,
Somerville, P.G. and Abrahamson, N.A. (2002),
“Ground motion evaluation procedures for
performance-based design”, Soil dynamics and
earthquake engineering, Vol. 22, no. 9-12, pp.
765-772.

[20] Li, S., and Xie, L.1. (2007), “Progress and trend
on near-field problems in civil engineering”,
Acta Seismologica Sinica, Vol. 20, no. 1, pp.
105-114.

[21] Lu, C. (2012), “Research on near-fault
problems in earthquake engineering”,
TELKOMNIKA Indonesian Journal of Electrical
Engineering, Vol. 10, no. 5, pp. 1033-1039.

[22] Bolt, B.A. (1971), “The san fernando valley,
california, earthquake of february 9 1971:
Data on seismic hazards”, Bulletin of the
seismological society of America, Vol. 61, no. 2,
pp. 501-510.

[23] Somerville, P, and Graves, R. (1993),
“Conditions that give rise to unusually large
long period ground motions”, The structural
design of tall buildings, Vol. 2, no. 3, pp. 211-
232.

[24] Somerville, P.G. (2002), "Characterizing near
fault ground motion for the design and
evaluation of bridges”, In Proceedings of the
3rd national seismic conference and
workshop on bridges and highways (Vol. 28,
pp. 137-148).

[25] Bertero, V.V.,, Mahin, S.A., and Herrera, R.A.
(1978), “Aseismic design implications of near-
fault San Fernando earthquake records”,
Earthquake engineering & structural dynamics,
Vol. 6, no. 1, pp. 31-42.

[26] Hall, J.F.,, Heaton, T.H., Halling, M.W., and Wald,
D.J. (1995), “Near-source ground motion and
its effects on flexible buildings”, Earthquake
spectra, Vol. 11, no. 4, pp. 569-605.

e=s -0

[1] Housner, G., and Hudson, D.E. (1958), “The
port hueneme earthquake of march 18, 1957”,
Bulletin of the seismological society of America,
Vol. 48, no. 2, pp. 163-168.

[2] Housner, G., and Trifunac, M. (1967), “Analysis
of accelerograms—Parkfield earthquake”,
Bulletin of the seismological society of America,
Vol. 57, no. 6, pp. 1193-1220.

[3] Mahin, S.A.,, Bertero, V., Chopra, A., and Collins,
R. (1976), “Response of the Olive View
Hospital main building during the San
Fernando earthquake”, Report No. EERC, Vol.
76, pp. 22.

[4] Somerville, P.G., Smith, N.F., Graves, RW., and
Abrahamson, N.A. (1997), “Modification of
empirical strong ground motion attenuation
relations to include the amplitude and
duration effects of rupture directivity”,
Seismological research letters, Vol. 68, no. 1, pp.
199-222.

[5] Mavroeidis, G.P., and Papageorgiou, A.S.
(2003), “A mathematical representation of
near-fault ground motions”, Bulletin of the
seismological society of America, Vol. 93, no. 3,
pp. 1099-1131.

[6] Bray, J.D., and Rodriguez-Marek, A. (2004),
“Characterization  of  forward-directivity
ground motions in the near-fault region”, Soil
dynamics and earthquake engineering, Vol. 24,
no. 11, pp. 815-828.

[7]1 CEN, E. 8-Design provisions for earthquake
resistant structures, EN-1998-1: 2004, 2004.

[8] NZS, N.Z.S., New Zealand Standard, Standards
Council of New Zealand Wellington, New ...,
2004, "Structural Design Actions Part 5:
Earthquake Actions-New Zealand."

[9] Gioncu, V. and Mazzolani, F., Earthquake
engineering for structural design: CRC Press,
2010.

[10] Liossatou, E., and Fardis, M.N. (2016), “Near-
fault effects on residual displacements of RC
structures”, Earthquake Engineering &
Structural Dynamics, Vol. 45, no. 9, pp. 1391-
1409.

[11] Iranian National Building Code, Part 7.
Geotechnics and foundation engineering, 2022.

[12] Archuleta, RJ. and Hartzell, S.H. (1981),
“Effects of fault finiteness on near-source
ground motion”, Bulletin of the Seismological
Society of America, Vol. 71, no. 4, pp. 939-957.

[13] Campbell, KW. (1981), “Near-source
attenuation of peak horizontal acceleration”,
Bulletin of the Seismological Society of America,
Vol. 71, no. 6, pp. 2039-2070.

[14] Heaton, T. H. (1982), “The 1971 San Fernando
earthquake: A double event?”, Bulletin of the
Seismological Society of America, Vol. 72, no.
6A, pp. 2037-2062.

290 g ojlw ¢ liing]) g cale apis / U\

IICoP (jliwoj - pg> 9 (Ja (50)loud - pgu g L (w

)5 puatbg bb)ran0



under pulse-like near-fault earthquakes”,
Engineering structures, Vol. 177, pp. 579-597.

[39] Shahbazi, S., Khatibinia, M., Mansouri, L., and
Hu, J. (2018), “Seismic evaluation of special
steel moment frames undergoing near-field
earthquakes with forward directivity by
considering soil-structure interaction effects”,
Sci. Iran.

[40] Mansouri, I, Shahbazi, S, Hu, J.W. and
Moghaddam, S. A. (2019), “Effects of pulse-like
nature of forward directivity ground motions
on the seismic behavior of steel moment
frames”, Earthquake. Structures, Vol. 17, no. 1,
pp. 1-15.

[41] Mashayekhi, A., Gerami, M., and Siahpolo, N.
(2019), “Assessment of higher modes effects
on steel moment resisting structures under
near-fault  earthquakes  with  forward
directivity effect along strike-parallel and
strike-normal components”, International
Journal of Steel Structures, Vol. 19, no. 5, pp.
1543-1559.

[42] Du, K., Cheng, F.,, Bai, ]., and Jin, S. (2020),
“Seismic  performance quantification of
buckling-restrained braced RC frame
structures under near-fault ground motions”,
Engineering Structures, Vol. 211, pp. 110447.

[43] Hy, Y, Jiang, L., Ye, ], Zhang, X., and Jiang, L.
(2021), “Seismic responses and damage
assessment of a mid-rise cold-formed steel
building under far-fault and near-fault ground
motions”, Thin-Walled Structures, Vol. 163, pp.
107690.

[44] Alavi, B, and Krawinkler, H. (2004),
“Strengthening of moment-resisting frame
structures against near-fault ground motion
effects”, Earthquake engineering & structural
dynamics, Vol. 33, no. 6, pp. 707-722.

[45] Alavi, B, and Krawinkler, H. (2004),
“Behavior of moment-resisting frame
structures subjected to near-fault ground
motions”, Earthquake engineering & structural
dynamics, Vol. 33, no. 6, pp. 687-706.

[46] Soleimani Amiri, F., Ghodrati Amiri, G., and
Razeghi, H. (2013), “Estimation of seismic
demands of steel frames subjected to near-
fault earthquakes having forward directivity
and comparing with pushover analysis
results”, The Structural Design of Tall and
Special Buildings, Vol. 22, no. 13, pp. 975-988.

[47] Gerami, M., and Abdollahzadeh, D. (2015),
“Vulnerability of steel moment-resisting
frames under effects of forward directivity”,
The Structural Design of Tall and Special
Buildings, Vol. 24, no. 2, pp. 97-122.

[48] Dimakopoulou, V., Fragiadakis, M. and
Spyrakos, C. (2013), “Influence of modeling
parameters on the response of degrading
systems to near-field ground motions”,
Engineering Structures, Vol. 53, pp. 10-24.

[49] Fajfar, P., Marusi¢, D., and Perus, 1. (2005),
“Torsional effects in the pushover-based

Va7 290 g ojlw ¢ iing) g Galc ayp

[27] Liao, W.I, Loh, C.H., and Wan, S. (2001),
“Earthquake responses of RC moment frames
subjected to near-fault ground motions”, The
Structural Design of Tall Buildings, Vol. 10, no.
3, pp. 219-229.

[28] Kalkan, E., and Kunnath, S.K. (2006), “Effects
of fling step and forward directivity on seismic
response of buildings”, Earthquake spectra,
Vol. 22, no. 2, pp. 367-390.

[29] Krishnan, S. (2007), “Case studies of damage
to 19-storey irregular steel moment-frame
buildings under near-source ground motion”,
Earthquake engineering & structural dynamics,
Vol. 36, no. 7, pp. 861-885.

[30] Mazza, F., and Vulcano, A. (2010), “Nonlinear
dynamic response of rc framed structures
subjected to near-fault ground motions”,
Bulletin of Earthquake Engineering, Vol. 8, no.
6, pp. 1331-1350.

[31] Yang, D., Pan, J., and Li, G. (2010), “Interstory
drift ratio of building structures subjected to
near-fault ground motions based on
generalized drift spectral analysis”, Soil
Dynamics and Earthquake Engineering, Vol. 30,
no. 11, pp. 1182-1197.

[32] Sehhati, R., Rodriguez-Marek, A., ElGawady,
M., and Cofer, W.F. (2011), “Effects of near-
fault ground motions and equivalent pulses on
multi-story structures”, Engineering
Structures, Vol. 33, no. 3, pp. 767-779.

[33] Champion, C., and Liel, A. (2012), “The effect
of near-fault directivity on building seismic
collapse risk”, Earthquake Engineering &
Structural Dynamics, Vol. 41, no. 10, pp. 1391-
1409.

[34] Vafaei, D., and Eskandari, R. (2015), “Seismic
response of mega buckling-restrained braces
subjected to fling-step and forward-directivity
near-fault ground motions”, The Structural
Design of Tall and Special Buildings, Vol. 24, no.
9, pp. 672-686.

[35] Beiraghi, H., Kheyroddin, A., and Kafi, M.A.
(2016), “Forward directivity near-fault and
far-fault ground motion effects on the
behavior of reinforced concrete wall tall
buildings with one and more plastic hinges”,
The Structural Design of Tall and Special
Buildings, Vol. 25, no. 11, pp. 519-539.

[36] Eskandari, R, Vafaei, D. Vafaei, ], and
Shemshadian, M.E. (2017), “Nonlinear static
and dynamic behavior of reinforced concrete
steel-braced frames”, Earthquakes and
Structures, Vol. 12, no. 2, pp. 191-200.

[37] Moniri, H. (2017), “Evaluation of seismic
performance of reinforced concrete (RC)
buildings under near-field earthquakes”,
International Journal of Advanced Structural
Engineering, Vol. 9, no. 1, pp. 13-25.

[38] Fang, C.,, Zhong, Q., Wang, W., Hu, S., and Qiu,
C. (2018), “Peak and residual responses of
steel moment-resisting and braced frames

lICoP Lo - pg> g (Ja (50)Loud - pgu g L



V95 sloglaislw gslojp >plac (bj)!

Gaw g pp plitad 5>

(103 ailf g3 pluyw by

1 9)9>0j9a sloaljlj

AT

seismic analysis of buildings”, Journal of
Earthquake Engineering, Vol. 9, no. 06, pp.
831-854.

[50] Chopra, AK,, and Goel, R.K. (2004), “A modal
pushover analysis procedure to estimate
seismic demands for unsymmetric-plan
buildings”,  Earthquake engineering &
structural dynamics, Vol. 33, no. 8, pp.903-927.

TA skl = W35 ol o bolasle b ab ol [0Y]
(Sl s s S Dl

[52] Committee, A. (2016), “Specification for
structural  steel  buildings  (ANSI/AISC
360-16)", American Institute of Steel
Construction, Chicago-Illinois.

[53] SAP, C. (2016), “Computers and structures
Inc”, Berkeley, CA, USA.

[54] (2017), “Peer ground motion database”,
Pacific Earthquake Engineering Research
Center, University of California, Berkeley, CA,

http://ngawest2. berkeley. edu.

[55] "Baker Research Group.
https://web.stanford.edu/~bakerjw/pulse-
classification_old.html."

[56] Baker, J.W., (2008), "Identification of near-
fault velocity pulses and prediction of
resulting response spectra,” Geotechnical
Earthquake Engineering and Soil Dynamics 1V,
pp. 1-10.

[57] ASCE. (2013), “Seismic evaluation and
retrofit of existing buildings”.

MWgd g oju ¢ llingf) g cole s / he

IICoP (jliwoj - pg> 9 (Ja (50)loud - pgu g L (w

)5 puatbg bb)ran0


http://ngawest2/

