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Assessment of the influences of resistant skeletal configuration on the seismic
behavior of high-rise steel buildings with bundled tube system

Y. Azizi, A. Ahmadi, M. Azhdarifar, A. Meshkat-Dini

Abstract

In this paper, the seismic performance of bundled-tube structures in high-rise steel buildings was assessed under
near-field earthquake records through conducting of nonlinear dynamic time history analyses. Three different
structural modulations were selected and designed for the resistant skeletons of the studied bundled-tube structures
with symmetric plans including 20, 30 and 40 story frameworks, based on the Iranian seismic code 2800 (fourth
edition) and the Iranian national building code (Issues 6 and 10). The results were assessed based on the changes in
the story lateral displacement and the seismic drift, which were chosen as two significant parameters in structural
design process. The story drift variation under the influence of near-field earthquake records containing velocity
pulses is more evident in the response of the taller studied structures, especially at higher floors. In addition, this
behavior can be observed clearly in the dynamic response of the studied structures with uniform skeletal modulation.
The existence of large ductility demands is confirmed according to the analytical assessment of the formation of
dynamic displacement mode under powerful earthquake records and the formed plastic hinges mechanisms in the
resistant skeleton. By approaching high-amplitude coherent velocity pulses, the characteristics of seismic behavior of
the studied structures become intensively nonlinear.
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Structural configuration, Steel skeleton, Bundled tube structure, Near-field earthquake record, Velocity pulse, Drift

0/ 3g6 g ojlw (iiagh g Goale i

ISl Jlg) - pady g (,w (s0)laid - piiio g Cuuyy (Jw


http://journalisss.ir/
https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

Sonp i glas, S, Gl el o S plaasis
5 wals s 55 Gl sa s e s dalie
S S 4ol 3L gl L IS ey cl O 8
(asb ) 5 a) s 5 Sy aals L 68 e Sl
AL e 5 oS5 S bl Ll e S eds S all
Sl b blae &gy Lo 55 5 s sl
5 sy Ll 55 5 ) Sl S Sl o8 Ll
amse ;U s @il /Y Y s Sl rLf L ode oL S
4l ge) Vsgme 5 (LN alge) s5lsn Bl adlge 53 ,a Sl
Lol g A S e sll ClSS amis 4 o (TR
I Sor S S e e CnSd (Sobgr Ly
Sl Sley anls 5 o Ly, Slals )l i (65
93 o Sleyams ;B js a5 Lo Dde Ll 5 wtesy S S
Sldllas s 338 ST s o SIKET TR 5 LN il il 5o
L oS o5 ehs 03 (el s Jhair 45 s e OLES
Losbed s 5o 5 &Y Sl G Sl o8 bl glally
VoSl e e e SIS lss e 50 51 i (S
Gloid Sk, e Ll L)) slaat o sbml B il
Loolyan B8 los) sladulp g8y daea s ) Laosla
palie SISl s Sadly foolis o3 2l £ 0ad Sl
Sop oamwly b s e b, b Shs o s ol
DY ] 5 dal st

53 Sop sl 5 A s bbb sy Sle @
CaeSd dmbn S350 05 Lay b Slaa S5 Slas a6
3 SOk L Sl i T e il 3 S
AL L G b e glasy ) ol gl W85 L Bl
e Ll 58 S35 S S Ll s 205 s
2ok e 03 b Jolhe e SRS 5 Ol
Gl Sny 04d 2ly 5 Ak U oageile el Sl
b i el pslie SISl Lol glasl (gl
(Sl L) Gl s n (o5 Bl 4 0T 2 05530 055
sn o s, S50 Sl el 5 s
o les ey la el s g 5 s glallazs L
Cll Sl a5 S5 i slas, S, o baesle
s =gk b gl glajlile (o)l Coals 51 5580
LYY=Y0] 55 dal slos ) - b

Olbe sadletle cotle 3 LS slagtew 31 S
3 IS sl el Y s et B A G 4 e

adae —)
93 34 e ady ladlele gl Slasie 5 e sl
g (sle wdge Sl 3D Glos ) ~b Lol ol8s
JU W55 g S ) ey ey 8 DI ol )
2 O Jalse padse 00 Grmes Il eop
Slo s a Ol 5 bl Salus ks, Slasis
3 Seles bl sledite slis glagran (o
sl bt Olsm a5 ol da>de 3 S o lal W5l slas, S
Sl las st e dils v 8y o il le 4 035
S wals ear Sl 5 ples e (S5 Slpe i
ol polie SISl (Soalys Slasein 550 9 e g,
G, sS5 ey S buly pen 53 romen L Cewl aily
g 5 S e G e A 53w OIS e 1 A
Sbre (el e sghe tpl el Ay e FS 5l s
bl s sk 5 Sl 5 glas) S5 el ol
adls V-] s5de sdoein JoS CoSh amin U dols
Lo JoS Koo oism 55 g s DS > &S o
Sy s Ll Gl oS sl Ll e 0 31 s ;Jﬁ
603 oKl aksls fale a3l Laosle (g5, » Sslus
Ol e Slas amsie )b Ko 5 Wil o oS G o b
S Lt O s, i sl s s
Gl Sns bl o8 Koy oeim A las, S,
plate 33 oism i Sl Ll & dmes asis
V-] ks

Sl S aol by Ay o sla i Sl ool sl
S P O R B N e L BT "L
AL Tl e NAVA T Sy Jlel aile LS S5
VAL T ins w5 V88T s S 0aaY Tl
PSS 58T VSl el 3 1980 NS Wi s
Yoor Y s VAVA S b S5 55 s s 4S5 00 1988
g b)) SOldllas 4l Lleis S 8 Ol s
Sop slad s oo odd & Ky slas, S5 Gy 2 4B S
CaSd ambo & S5 Joolh 50 S ek 5 abde
5 ol Mol ol 5 o R sl gl S
Ll (oS el G o Sl ey a8
53 ke By 2l G 5 sk SsSer 5 SenS
D 10T dil o St iy oo

DA S S (JeS e L S Ll e

g0 g ojw (liing]y g Golc aypits /¢

1ol )lg) - p0dy g (W (s0)loutd - pTiiio g Cruy (Jlw


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

Cosar Solus Ly 8 OIS o siS el (ke il
CaeSld b 4 S50 05 52 e Sl s b il
2ol A sl Lz J"W“W&ﬂww
35 Ole olal 28,01 G oS s o OLES Solalas o
BEpe JMKMM;KAJ-;} 35 gl Sl a3
sdidy oS ol (O f b 3 Jo el calS
Slasin s ol <l L6 d_ijfa 9 MoK Colscg-
A\l )\ JLS J«é‘jﬁ DL ol Ca-—? ‘UJJ) LSLA‘))jS) é‘.‘.}:ﬁ
[Fr=ve] dab o Juf el 5 Kol amio b e lS

v s O bl b Sldlae glacjle Y
ol Alwd
s e OB & Sb s ol s Slee slae sl
Sloi Ll ss pulal S Ldl o @i 5 O)line OO L ol
e Slie eas o s (poler i) YA sk
Shome OB e IYV 5 TN B ekd b Ol
JIA b Osel g 03 &S o SU Sler esdle sl s
5 el edd S8 8 s Lo gl ) s S
S S A e st (e Sl 4Bl o
b S ks gl 5 gla sl OF a5 5 odd 5 5
oile ISl 3 Sty Joolie (65 JSKS W, ppiamen
5 () SIS ITA] s il (5 5SS 5505 Sl 35
O 1 e slaosle wblis 5 L M Sl (1)
Yo sl a5 en alie O U1 basle ol Aas e
PRTITALINE SNP PRUI T S W  S R A E SCAR
oo dae o (1) IS gilkee Liledis S b ol 2
gl e 1 Jsb o alas Vbbb y sx gz 93
s glyls o3y aikie 5 oedd 4§ b s e Y/ Slib
Al e Y @;;\a@ust};wu@w

kB Lol Slllas glacsle ¢l 58,
Gk 2 L e 5 ed Bl busze gl S
Sl 030 S el Ozl o Sl (i s
Sk s ek LLos 0re kgim? L Slib el
2:L e Voo kg/m? (b 51 z=H 515 slp 5 Yoo kg/m?
slao sl L;;L,Gjl dsl 546 TR Ssa gl [¥4]
ol )3 pslie Sl O sV ke g5 ae b Glllas
eVt b slaeslu tblis & pag iman 5 (M 6 (1)

U/ 398 g ojlw (iliaghy 9 palc ayps

e O Ol 55 S o35 Glamio Llo OB L
SO s o ) atu sy slrle S LSS 5 a8 13
(Sl Coale L) b sl Jlast slisl; (g5l 50 o
Sl SN e sses o OB s s Mol 28
N R T U N PR FACEL WA FF
O lae 3 a5 13 Ges ladeld b e
Clals 53 o S Sop iy K pslie IS
Sl s i Kaleals 35 5 el sl OO glas S
S g b eb Loy b ssls (o 53 50 1 W g
GLad sbul o SSde OLH ol e i
polie Sl gl Sl Cun sl 5 5 ks (A0 S
[V VYAT il 0dos S aib Av B 00 550 s

(et daoe B LB, 5 Y losle SIS s L
L LUl 53 pslie SISl LS @i b 1 eslind ol
S o gl 5 e gla il O Senl i
SISl 5o Sl o el o538 L sl sy B
Sl L sl S oobel 5 e e OB sl
@33 LI B By (K elods S ol axws 5 dtwgs
P53 MEL i o (S I Sy Al e a8
St N6 ailse 5 TROIN adlse e o Olijen Jlasl
Saest o pos &S il Sl 5zl
LSl Tl s ae OB o3l 3 Slib S
Sl S sdias |25 Lo lacB il K sis O
G5 e P I e BB sy S dal el
5 GOl s o S ehn 5 A S SOSIES
e ame OB 4 o sl ) OO Sselin O
[Ya-YY] 25 5 o 5,k

Slos) o, Olasiise adlas oy ol fo 5
e et SU sl by U as e Ole sla Olaztla
5 pstie LISl O gVste St Jlesl S st ats
N L e SIS P I T XS IS TR N
Sl el Sl is Wy s 2 o ool SO e
whd b pole pra b Slellas de cpir gl ) Al
Cogo A Gladlge an Gl S, s gere S o
ol s ol s g Ay, slas, S, ool 4B S
WS 5 5 Olpl b 5 0 S 5 am 51 s
IY] el oo S Sl

slasbrle sl Glagsy onl s sl ) slas) S5
adlge 53 Sl azen )b 5o S Sl 5 Gl aals

ol )lg) - pody g (W (s0)loutd - pTiiio g Cruwy (Jlw

[ xgzuo (sxanl 03T sjajc )0 s

19 19653

Gl oglifio (uiia


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

i 40
() (<)
a

=)

55 SOl & (Gl ¢ e slassle slaolell sblia =Y S

o (o) (B axbxexd) aib £+ 5 ¥+ Sldlas glaojle o
(C) (Baxbxcxd) ezl Y+ Slalas glassln 5 L5 slagll

@@)é&‘)aww rhba‘fﬂu‘).’:”lcﬁ
[£+] (Caxbxcxd) aids £+ 5+ (slaosln Jl

ab Yo Sldlas ol byl Jsl 5 g0 am 55 5 =Y Jgde

v:y YJ}A \J}A . :l&.)u;i:»
(iom) | (Y 5 X Jlh) | (Y 53X Jlsh) e

sec sec sec f

\/YY Y/YA TAY Slaib ¢ O pe¥site

/oA Y/Yq /44 slaib 6 O sV ke

/4N Y/¥1 Y/AL IES PR PRV

@T" g;wuaﬂa)bgﬁw)\dﬂﬁywbyﬂ—vd"k

TIJ}A Ya‘}nu \J}A“ ':.6#%
(i) | (Y X JUsh) | (¥ 5X ) sl

sec sec sec

V/or Y/40 ¥/ay Slaib £ 0¥ s

V/8t /4. Y/AY Slib 0 Y se

\/¥q /A1 ¥/AN ol 2SO e ge

ab b Sllas ojle colasyl Jsl 5 g0 am 55 5 =Y Jgd

r:).a Y)}a \A).a ":'6.)“;))/\:.3
(P | (Y X Jlh) | (Y 5 X Sz i

sec sec sec f

\/AY /Yo £/04 é‘@ ¢ QM\J)JJA

A Y/XY i/0Y slaab 0 Ve

\/VA Yot L/AY Cl 2SS O e Y gke

Sty Se & byye (VB (E) dslar s laib 0
Sssn sp b ledd sl aib £ry Yr Y
bSOl Do i JoIs a4 Gllae lacsla Jlsse
Coale (lomy 350 eSS 4 Caed JUEl Jol 556
Oezmes Ml o Soe oy Sose a4 GOl
s lib ol el Cossdon Jlae 55 oL
Bld o~k L) 00 s -8 O Jool il

ol 0l

6.00m 6.00m 6.00m 6.00m 6.00m 6.00m

Bending
Frame

w9 wor9 W9 w9 w9 wpgy

(<

| 6.00n|1 6.00 . 6.00 ) 6.00 ) 6.00 ) 6.00
[ t t t t t 1

H
H
H

N0E

_—
m)s € @oz
ws €
w(s € ®oy

()

S S o as ame et OB Sllas slasjle -\ K3
et Sl Slomis ol o3l 05 () taids €0 5 ¥ (Y
() (S350 bshas) Jaie ol gLl St 5 (K, bls)
il o b o S e SRkl ) Slallles glaesle gl
Slaosle CISUl iy S 55 St 5SS 5 sleib 0 b 0 sV ske
(60 ] ol o a5 S L s lalllas

290 g ol (iiing]) 9 (olc s /N

1ol )lg) - p0dy g (W (s0)loutd - pTiiio g Cruy (Jlw


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

Awd dja‘l"‘ s ;_)G A_;LJLE.» o3l glasl do\fu -1 d}-\»
(V) JKa mm 4 slal) cslaids 0 O seVoe b adds £0 0l

s s iz CB s ole slasl blie £ Jod>
(V) JKa mm 4 slal) cslaids 0 O senVoie b addo Yo ol

Sl y s s glad y
. ~ e . -
J}\J U)S . f)b B} b};
] slal) .
slo) ol slaos) ol
B 500x
\-¢ \-0
C500x25 15x350%25 C600x30
B 450x
0-A -\
C 450x%20 15%350x25 C 550x25
B 450x
-y AREA Y]
C400x15 10x350x25 C500x20
B 400x
\Y-31 V=Y
C350x15 10x300x20 C450x15
C300x10 V=Y - - -

Awd dla::u L;\:-.&} ;_;G L;?LJUG.A U’L..» él.,é&‘ clp\.a.a -0 d‘g.b?'
(V) Ko mm 4 slal) cslaids 0 O sV oie b adl Yo 0l

b s g0 s S 6Lf°f‘” "
(o B | (e o) | jisiité) b
B 500 o020 |
15x500%25 €750x30 s -
153588:25 €700x25 € 850x30 -\
153588:25 € 650x20 € 800x30 Y-Vo
153538:25 €600x20 € 750x30 A\
15%588:25 €550x20 € 700%20 Ti-Yo
15%_328:20 €500x15 C 650x25 T-r
1033?558:10 C450x15 € 600x20 V-Yo
2033338:10 €400x10 € 550x20 T-i

a8 O St LgLauUO,ﬂT Lilgo 4 e L Jodos

[E0] sl odony pleil o

S35 o) g ey 53,555 & Shy T
Ly gla o calide) ) Olallas Jol> C.LJ ol
Vool geS ol slae Olpe Sop gledds s e
QIJ&XMC}&)WWUJ»%
PR gl SLasl dey i S ol ,S 0 g3 o Olgs
55 el iy Sl dnls Sls et O iy
LS Sy oS K55 s s s 2
el G lse 5l e s B e ey SLall
ol G 4y (oS S g 5 by ((SoS
b U S G SIS ey s bl
SIS s S 5 Sl D sl U
4l Knp oo Ly sl iis Lol Olasis
e Sl Sl Laesle (g ans Gloy ) S, w0 B
Sl (S s Shs sl il st
3,80 1 0T Dl 5 JeS Songiejgm o3 sk S diny
Come 53 ald § 550 S by B a0 Ol gladlezt L
T 35 5 ot en 53 el o) b
Ll SVl S 3 xS 5 sl g, 03 1) ege

A/ g g ojlw (1iing]y g (ol eyl

b s gapg | STRSROE

(Clo o) | (Lhaie slaold) <j;iiu) b
B 200~ ceonzo | CFaox0t | e

15x500x20 (oS s
153:38:20 €550x25 C 75030 -y
153338:20 C500x25 C700x25 1-Vo
1531?(?:20 € 450x20 C 650%25 (RSN
152??8:20 C400x15 C 600x20 YV-Yo
101?;33058:10 €350x10 C 550%20 Y

sl 3yt (V) S5 losle sbaolll & 0 # b

G skl 5 €y LS e S0 Bowli
s OseVsde 53 b Slasiie il e O s
cb S Ol Kos Sl ol o il gy 4 38
Sls el ot s Jlail 5 sloldl 4l slais
slul 5 e () S Cose a4 (et YLl L
B350x15x150x25 B 350x10x150%20 ,| 3 4 55 ab & e
Slsdy Sy 6l w5 4 sesks B350x20x150x25
L Ol e p g ol ol adb £y YT
Sl slaosle glos) b gD 5 e L
G332 2 s il b oshes il slagan S L

ol )lg) - pody g (W (s0)loutd - pTiiio g Cruwy (Jlw

[ xgzuo (sxanl 03T sjajc )0 s

19 19653

Gl oglifio (uiia


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

el Sl w53 ey abmlr 5 S ol
osls Ol Jlaj azese ;U slajlasad [EY 5 V] 55,5 Sl
mr gl S ladiges (0) B (1) (sl IS5 53 e
3 o5y P Sl Ol Jl o sl 0 55 P ©ols
LSSl bbml o (o5 sl S, Casle
sode iy gla b s Sl Sl e B s 655
358 o g plele 5 S by ames B s ausls
O3 St Ly i 5 O S sl
Sl G bl SRl e S bl o
Gloy g ok, s Slib (Ciys) s gbmlr 5 24 S5

LEV=E0] s el s B ag e Ol slaplaztla

The Tabas Earthquake 1978
Tabas City

Velocity [cm/sec]
= =
S 3 o 8 8

10 sec

30000

25000

20000

15000

10000

Energy Flux [cm?2/sec]

N

5000

10 sec

The Northridge Earhquake 1994
Sylmar - SCE

Velocity [cm/sec]
g 2. 2

10 sec
8000
7000
6000
5000
4000
3000
2000

Energy Flux [cm?/sec]

~

1000

10 sec

Energy Flux [em?2/sec]

MW 7Y
s o S o
S o S o
=) S o S o

Energy Flux [cm?2/sec]

Sl el 53 s Son s (S S
cslosbe CUSUl ST ol ] 35 0 40 S35 0 glas, S,
2350 Sl mel bl s BB LAl o
Loy, slas, Sy cow bassle  Salys &b olasie
ol S sl Sy (SoeS Ly 4 Wy
Clasie & ol e ol anly (L2 gkl
Ghls o8 Knp i L2 edd S glas, S, (S
i a3 0im S, 4 a6 Sty ol
Sl (sl San &S S g cpimmen Sl e LS
Loy 35555 93 Olejmolid am )b Obe Sl ol

S Al LSL‘”JL.‘)I S 3l sy el cpl (il 455

The Bam Earthquake 2003
Bam City

Velocity [em/sec]
R

10 sec

7000

4000

1000

10 sec

The Northridge Earhquake 1994
Jensen Filter Plant - JFP

Velocity [cm/sec]
R

10 sec
12000

10000

8000

6000

4000

2000

10 sec

) J}Ja-) JFP 1994 4 SCE 1994 BAM 2003 TAB 1978 &bj o) L_;LA)))S) A_;L....;- 6jf‘ QLS Jbi

290 9 ojl (Hiing}) g palc aypis /e

1ol )lg) - p0dy g (W (s0)loutd - pTiiio g Cruy (Jlw


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

Acceleration [g]
o

The Tabas Earthquake 1978
Tabas City

Fault Parallel Component

150
100

Velocity [cm/sec]

The Tabas Earthquake 1978

Fault Parallel Component

Energy Flux [cm?/sec]
g
5

2000
0 Fault Parallel Component
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time [sec]
1
0.8 The Tabas Earthquake 1978

Acceleration [g]
=

Tabas City

Fault Normal Component

150
100

Velocity [em/sec]

The Tabas Earthquake 1978

Fault Normal Component

5000

Fault Normal Component

16 18 20 22 24 26 28 30

Time [sec]

(TR 5 LN (slaad 30) JoS CnSd ambor & S 3508 5 S3lgn g0 53 b Blis s s 5 Olid Jloj azesiny )6 ¢ S

Ol Tabas 1978 &35 Aol 5,58, Liva (65,51 0dd sl3l e powa

A el My )8, e 551 e 043 S
o3k 3 S35 s 53 S g8 () 5 (7)) la IS Gollas
S8 e Lo I S
kol U BAM 5,585 aas 5 55 S 550 e aa>dle
sy $lr Son o o500 Do ol S Lol 4 (s
Ans e s Gl easdems Oles 53 i (651 0 N
Sde dds LU G0 TAB 5,58 ams Uy eonens
i b i 5 bl 4 e & 51 5 e
Cod e 65 0AE ST Wy gkl wdhe 5 SYSb
Lo s S5 ol sy Sle 4 JFP 5 SCE slas, S

R uJKli Q)fpm.‘((O) Jg,;) P8

117390 g ojlw (1iing]y g Golc eyl

ST e L35 5 ks SsS S e (1) IS

sl SKesp s 308, e e 51 04
Ll 350 5 Sl oo Doadidy 5 sl (oS 5
P ot S pae S Do & AlS e S
Sl ol 3l Gl S e o g5l S S L S
a4 Sy aS Gl BTN U Y ensde 3 bbb ol 5y
spes dile 5o aib 00 B V0 slaoletle e s
ooy S s A gl alles Aul S Gasis
Ly ol o S Wl OUS Sl (ol
S Obes o3l G L3 35 35S, e 5 0 sl

ol )lg) - pody g (W (s0)loutd - pTiiio g Cruwy (Jlw

[ xgzuo (sxanl 03T sjajc )0 s

19 19653

Gl oglifio (uiia


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

1
The Bam Earthquake 2003
Y Bam City =
= =
£ 2
-1 =1
g 0 £
= -
El el
S 05 2
4 <
' Fault Parallel Component
150
g 100 2
< <
g 50 £
& =2
g ° z
E -50 g
@ v
= -100 - -
150 Fault Parallel Component
50
[ E
S s 8,
= -
=] =
£ £
= 0 w/\/'w g
g g
] =
z7 2
a =1
50 Fault Parallel Component
0 2 4 6 8 10 12 14 16 18 20
Time [sec]
()
1 -
The Northridge Earthquake 1994
Y Sylmar — SCE =
= =
2 2
= =
- 0 -
= =
g 8
0.5
2 E
Fault Normal Component
1
150
" 100 -
2 2
£ 50 £
A 2
z 0 z
g 50 g
o =
> -100 -
150 Fault Normal Component
50
E E
2 s =
= -
-] -
£ g
0
g 3
- =2
B 50 Fault Normal Component 2
0 2 4 6 s 10 12 14 16 18 20
Time [sec]
(&)

1
The Bam Earthquake 2003
0.5 Bam City
0
0.5
' Fault Normal Component
150
100
50
0
50
100
150 Fault Normal Component
50
25
0
-25
0 Fault Normal Component
o 2 4 6 8 10 12 14 16 18 20
Time [sec]
1 .
The Northridge Earthquake 1994
0.5 Jensen Filter — JFP
0 _—‘WJ\,\/\W\M
-0.5
Fault Normal Component
-1
150
100
50
0
-50
-100
150 Fault Normal Component
50
25
0
25
s Fault Normal Component
o 2 4 6 8 10 12 14 16 18 20
Time [sec]

Silse 28 sad g0 () (V) Jgdr s k_¢<4_3‘}J. 55> 6u3)}§)qbﬁf¢nﬂjdl§»ﬂ,§)uﬂ ‘gu}m@uj%ﬁprs—o JS.’;
(TRwy)Jmfwmjférﬁjhjﬁdj&<g)jBAM2003 :)}SJQJBW(TRd}a)JjwmﬂAWJ(LN ad) 4)
JFP 1994 5 SCE 1994 (slas, S, | bl

G ol s bl slas, S, s e 0L | oL
5l AL w8l Glasine 5 Cuabe oS Chn g
Sletd SO 5 Candy il e L ol gladl s
gl Slas glaoile o Salus b,y sbs el )l
Sy50 Suap ojm ey 2,58, Dl ol I ced (Gl
S bl glas, S, Slasiie ol 4 S 3 L)
Loiw 5 (PGV) O e Al (PGA) O ol el

LEV] Kl osls OLES (V) Jgdr 55 (PGD) (yuny O i

Dl Ly 55555 Sl on e ol lalas

Eros 3 Ol b e slaed Son gladis 5l ead
ol ladge an Sl ams )bl a8 o0 LA
S3Aln Sl (ol ok DI sl as, S
Sl ol bl e it dials Sl U ol jon s e
oSy 53 obd I la i p S e 05 53 )5, S,
TR P o I 5 P F S PURT IR PUING | P I WA S E VIE Vg
2 SR les) gl sl 5 SelS gobogr

2gd g ojlw ¢ lingfy g cale ays /1P

lICol Jlg) - pndy g (w (so)ladd - piio g Cuuy (w


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[EV] obsl glas, s, ol o3 ) 5 Sosd Sliasein =V J gl

PGD/PGV PGV/PGA kf)} PGD PGV PGA 4.!)))' 3,88,
" *d
(sec) (sec) (Mw) (cm) (cm/s) (g > S S amio U dsls
v/ AR Y4/4 vy /AT LN
Tabas 1978
*/VA (VAR3 \743 4¢/0 YAV + /A0 TR Tabas City (TAB)
3.0 km
YV o Y/ £0/0 A UP
Y +/4 Yo 04/1 +/AY0 LN
Bam 2003
A VAN %Al %3 YY)V +/VAY TR Bam City (BAM)
1.0 km
/Y Yo VAR v/ +/444 up
v/88 AN L0/YA VeY/YY «/AAYV LN
Northridge 1994
o/ (VAR % 0¢/N\ V\V/EY Y TR Sylmar (SCE)
6.40 km
Ve o/ Yoy Ye/04 +/OAT UpP
Y/YE AN AAVAR 44/) «/04Y LN
Northridge 1994
A% AL avA% 0+/\4 V4 0/40 /EVE TR Jensen Filter (JFP)
6.10 km
AN V0N A/AS +/Y44 10)3

er«ﬂy:UP)Jﬁwwﬁbwd}»:TR‘JJWthj\}»d}»:LN*

(0) K8 cul a8 Syse Jrie VLl L slals
selastl Fema gbaco 5 olal 5 Sde Mo Olasils
Ly 03 Fsdse S iamn 5 bRl prizman 5 odd 3l
B s S g 5o Slallee glacsle Ao Jae 05 S
SSea &Sl S5 0Ll [EA-00] ol sals 4 S
sl Jhel co Slay amsa )b o o gla Lo
sl Oljas wlige 2,08 lajll o) L oeds ulds
Loy 500 s S

Sldlas sla o5l c«\.l sl b —¢

Sy g (ol Ot (llas Sl (gl el il s
Sl Sl s i el Sl glaesle ik
Gy odd ulide glas, S5 o Sl ansie )b Sl
Siole Bl esls il 5 b SKE 55 w5 4 s sl
035 o5le od FLEL1 ) g Lasls gad (63 508 Oy (340
53 S el G el Gl bl @ bs e 5 (B e s
b Gillae dilekd aslos (TR ailge b sean) OOL y sliul,
Sl cos gldlas baesle sy al by ande (V) S
3 g S il o els QLS Sos 3 03 2,8, Dler
Sy s Suapegem slan,S) Cod al S &S

110/ 390 g ojlw ilinghy 9 (alc ayps

s o 53 O it Sz la b gl o conle

o Sogp il G sl bl L (RIS
Slpoepy ik Sy s R S8 L bose
Wl wl B e Ol s Ol ISl | glaolazsla
olS -~ flﬁ Sde Bl G058l L i gl Sl Al
AL el Ol s W35 0,85 Sles o3l 5o e ey
ol sWlae sl ssle gl (V) dsdr gleay S, (Ses
ol Sl s (palie SISl gl S aw L) ey
Goer Ltals) YA sluld el 5 ey ib
ok o313 Eled (A) Jsdr 53 pliie ol b 5 0is S elide
5 SCE BAM TAB sl sladlsn 4o 3555, sler ,a Ll
Gl s eig, Lty Sl dies e Sl (sl JFP
Vo Sep s Su S e il s s )l sl )
Llg et (Salos la s 5ol 51 (ol 2
Obe laglorla p5lis ISl s Shas Cons s J s o
Coms dy glaaals by ot 8 eogdoee o s B4
L Son elie olps dlasl o5los p e ool a5d S
slael st o 56 g5ludde s dalet s (ol
Sadly Jrade iy 5 b (1) JS5 el 50 pslie SIS
M iet aie (05 5 sboll) PMM 25,

53 Ot SOl 6l Pgosme fate 50 5 (L, ol)

ol )lg) - pody g (W (s0)loutd - pTiiio g Cruwy (Jlw

[ xgzuo (sxanl 03T sjajc )0 s

19 19653

Gl oglifio (uiia


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

sl Glad go an slasy S5 lide ol o —A J g

Northridge 1994 Northridge 1994 Tabas 1978 Bam 2003 e IS e Llae  elae il
(FP) (SCE) (TAB) (BAM) £ S| Sl sl
EAVAR VAL /v Y/LY slaab ¢
EAVAR V/0) \/Ve A7AN slaab 0 ik Yo
EAVAE VLY VAV ¥4 ol eSS
\/oY YAv \/Ee Y701 Slaab &
Vot Y/00 V8t Y/to slaak o aab Y
\/oY Y/LV A A\vAn% ol eSS
V/01 YA /AR £/80 slaab ¢
V/EA Y/04 VAR I 7Am} slaib 0 aib g
\/Ve Y/Ve \VAR £/va ol eSS
g £
- | T & | C
B B
1.0 T 1.0
A T0.9 '\ b 7] Jo.6
0_6_I_|E’ D Deformation or Deformation Ratio ()‘ﬁjL £ nt Deformation or Deformation Ratio
. . B’
[¢ B
AC_,_“_ (o
| 94, e | 54, %ATE ! 20, 1 90, 1 L 90, | 20, |
) ()

IM e bt o folie (Q) ¢ Slallae laesle )3 O5mw 5 o5 laoladl ot o ks, Jue -1 IS
[iqu,/\]Pdemvja}ﬁbJ@(g)JPMM6)}>uf RN

OseeVode 53 x5 L &S 358 o sdalie oL o o)
FB Sl b £ Y T Lo an s pslie S
o baosle gl slaly 53 muly bl cnl gl sl
Glas et Wiy 53 Dk Olpee ot Al s
SRR R SN [RUSC I A NS TIPS W IR
CHESS OseeVode b oosle Openldd 5150 5o el
Lo VY0 Olse 4 (gl dids 0 5 8 O penVode 55 4
Glaosle Opmlds 55 5 old slie b e il
s Y08 AIVE 554> ;5 BAM Ly, 5,55, i cod  Slallae

ol azd £0 T (Y Gl sy s 5 A Yeg

Loal iy avde @osme Loy Sl (Sop ol sl
b e T slaltle o Slles slaejle gLyl 03
Sl wl e aie e gl SUS
b @) Sllae gladte 51K e hsbe Yo
e blad pad s Ol ol las, S5 Coe (481
Slojbe SISl aw D3 aly By aede sl a5 B ols
oy Wl ges el 3l 55 BAM 3558, S s 4k £
o3l Ligles (V) B (A) sla IS 3 i sllas ol iy
Osed 55 53 Yl puolie sl cmly Syl ol Lleds
FB il slag,s DI LS oS cl Sladlee slas Lo

S plog ams U s paside b s o 4 B

MWgd g ojlw ¢ liingfy g ale s /Iic

1ol )lg) - p0dy g (W (s0)loutd - pTiiio g Cruy (Jlw



https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

12000
10000
c
2
£ 000
(]
2
) 6000
@
@
m 4000
2000 I I I I
0
Modulation: 4 5 uniform 4 5 uniform 4 5 uniform
& 20 story > & 30 story > & 40 stoy ———>

Bam
B Tabas

SCE
H P

CH S 5 sk 0 (Gladb b ) s a4 sl SISl O Y 5o (5151 Sllae glasl js aly 5 aiy -V S

Relative Height

0.0 T T T—— T T
0 500 1000 1500 2000 2500 3000 3500

Aamax,y (cmis2)

)

1.0
08
0.8
07
06
05
04
0.3
02
01
0.0

1.0

0.8
0e
07
08
0.s
0.4
0.3
0z
01

amax,y (cmls2)

()

—h— 0.0
0 500 1000 1500 2000 2500 3000 3500 0

——Bam

——Tabas

——SCE

——JFP

amax,y (emis2)

()

Wt 58 Vs () e Yo Slallian (slaosle 5> lid Sllan Clid a3l i A JK3

10
08
03
o7
06
05
04

Relative Height

03
0z
01

0o

0 500 1000 1500 2000 2500 3000 3500
amax.y (cmis2)

=)

10
0g
08
07
08
0s
04
03
02
01
00

1.0
0.9
0.e
07
0.6
0.5
0.4
0.3
0.z
01
0.0

amax,y (cmis2)

)

T T Tr T T
0 500 1000 1500 2000 2500 3000 3500

——Bam

——Tabas

——SCE

—JFP

0 500 1000 1500 2000 2500 3000 3500

amax,y (cmis2)

(D

(5 0 e gt () 2o ¥ el (clnesl s i Sllao E ey S 5y -4 IS5

10/ 398 g ojlw (iliagy 9 (ole aypls

el )lgd - pay 9 (o (s0)lath - alifios g Cuuy (luy

[ xgzuo (sxanl 03T sjajc )0 s

19 19653

Gl oglifio (uiia


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

1.0
09 08
08 08

-

£ 07 07

=

T 05 06

I

© 05 05

2

g os 04

[+)

E 03
02 02
0.1 0.4
0.0 -3, B S —— 0.0

0 500 1000 1500 2000 2500 3000 3500

10

0 500 1000 1500 2000 ZE-UU_ 3000 3500

amax,y (cmis2)

0.0

amax,y (cmfs2)

o 500 1000 1500 2000 2500 3000 3500

Bam

—o—Tabas

——S8CE

——JFP

amax,y (cmis2)

@ )

()

5 0 gVt (L) e £ Sllas slaosle > ik sllas it oy Sl 55 -V IS

£ 0V e Sl b b Yo o5l gl e 5o o> (Ll
TAB 5 SCE BAM (slos, S, Comi ks ar Sl sleih
Fol bl ade Sl osls #5 o5l S5 51 S o
man AEL e Ao £/0 350 53 BAM 3,55, Sl Cos
SISl gl S50 50 5 slakb 0 0 sV sde 555 558 L
S s Sl sl o 3 Sl S Sl s el pslie
(7 5o \1) JK2) il A3 Y0 250 3 o5l
or s O 5 (10) sl JK5 (slalsgms el
Er s T Slllae Glaoslu gles ) o o k3, (gla el
Sl oo pf sl Ko B0 iy aas O i
Shsssed 5 g Bl S Sl e lalsel
o o b Blae L3l glasse iy LRSI b
San oiman laie Ol Ly pslie IS ol sl
L opslie Sl gl Sk, 5o s Lol Lol Ly,

S a)'l...»: Lf-'-YL’ Ao LSLA)‘)'“ BERSRY gQ}:«AY}Jw A A

Sholil S cdn s ol Sl el 5

Ly o oled w4 baosle los ) oLl S e Jolse
2l B0 Gl bl 53 ol ks (S8 5 65l
ISl aeg SRl 4 Ot 5 Ol g w0 ol b
o b e sladte Sl ol Cdiys s O i
ok Lol ool s slie SLsoh . leas 4L OV L
Aokl Gl Sl slie SISl plis )l 0 Sk b
S daler i Sldlee slassle el ys 50 &b
N P T - BRI W R O S| L e oSl
YYe 5 4 BAM 5,58, cow aab Y 5 Vo glassla
S O mn e Sbe prames Sk eile YAY
Yo S9d>= 3> SCE J)}SJ Q}Jﬁ@ 10 a)'Lw 44.19)4]6
-VE) KE s &S b Oles Lcoul (z=H) el S5 e esle

Al o 1
1.0 ) : 1.0 K 1.0 O
s oW x40
0.9 * 09 x4 0.9 ¥ 4o
¥ 7oA ¥ f0
03 . 08 X AR 0.8 X 40
= ¥ % 40 ® A0 Bam
o 07 X 07 X Ao 07 w A
5 7 08 i 5 08 L8
ﬁ 06 ¥ g A8 : [ —o—Tabas
0s | x 05| x 4 0.5 ¥ Ad
g0 £ E i g I L
W 04| X7 na| w4 04| ¥ Ad ——SCE
o v R R g % Ad
e 03| Y 03| %2 03 Xf,E'
i L i JFP
02 1 02 1% 0.2 |4 ——
o1 g 01 0.1 gj
0.0 % 00— e 0.0 ¥—— . . . . .
0 50 100 150 200 250 300 350 0 S0 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Dmax,y (cm) Dmax,y (cm) Dmax,y (cm)
@ ) ()

(5 0 g e (L) 2 Yo Slallas slao3le 5 lib Ok oy Sl =V IS

2gd 9 ojlw ¢iingfy g cale i /17

lICol Jlg) - pndy g (w (so)ladd - piio g Cuuy (w


https://old.journalisss.ir/article-1-410-fa.html

[ xgzuo (sxanl 03T sjajc )0 s

)3)

Gl 0gLtio Gl g o

= Bam
=)
K
T —o-Tabas
2
5 ——SCE
¥
——JFP
: 4 0.0 -—
0 S0 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Dmax.y (cm) Dmax.y (cm) Dmax,y (cm)
@) () )
5 O Vaite (D) 10 ¥ Slalllae slaesle 53 Slab Ol i rar Sl oy VY IS
- Bam
=
=y
£ —o—Tabas
Q
2 ——SCE
it
[+
e ——JFP
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 o0 0 S0 100 150 200 250 300 350
Dmax,y (cm) Dmax,y (cm) Dmax,y (cm)
(@ (&) (<
5 O Ysike (il 14l £ Slalae slassle s lEb Ol i ar S oy -V JSS
Slagb £ 0 5aVode (7)) 5 Slaib 0 0 Vs (&)
L e =—— oo 10 A
n[ o o
08 >g( 0.8 Xﬁ\% 0.8 ﬁé
b %i *0 £ % Bam
E o7 b3 07 X 0.7 *
% 06 ;j%u 08 %EL 06 >><< —o—Tabas
I X K *4A 0O % o,
® 05 >>§< jin] 05 >>§ iy DD 0.5 >><< utl
S 0.4 X 04 X o 0.4 X 0 ——SCE
= * X E X w0
[T X 0.3 *® 0.3 X A [mi
o % % [al % A O ——JFP
02 b o 02 X 0.2 ¥ KA‘UE
0.1 :mrm 0.1 0 déi(mﬁ
0.0 . . . . 0.0 0.0
0.00 001 002 003 004 005 000 001 002 003 004 005 0.00 001 002 003 004 0.05
Driftmax.y Driftmax.,y Driftmax.y
(@ () (<

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

«C,}-\)& Q"?—NYJJ\A (A_djl) 4.5..}9 Y~L;LJU4.» 61.&5)[.9: B C)U*k C,J;.L)} V.ai_)slﬂ Lj':’ﬁ —\¢ JS-\:!

17 3Y98 g ojw (iiogh g ale aypil

el )lgd - pay 9 (o (s0)lath - alifios g Cuuy (luy


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

10 — T 1.0
08 ;% 09
08 ;i 08
- Bam
_'El 07 —4 07
£ 08 08 —o—Tabas
L g5 7 05
> y 5
B oe 5, 10
L) D:F 0.4
@ 03 Iy 0.3
0:2 Ao 0.2 ——JFP
A :
01 X__ZE;;J._;E 0.1
0.0 X“: =i 0.0 T T T 0.0 T T T T
Leo 001 002 003 004 005 000 0o 0.02 0.04 005 000 001 002 003 004 005
Driftmax.y Driftmax.y Driftmax.y
@ () (<
Wt oS OV e () :«L_.la\“d?wllm slaosle o olidb s (..A.;)Su sm 0 JS.Z
1.0 = Il %
08 o 08 >§§< S
- 0.8 08 Bam
5 o7 s 07 b
f 0.6 : 08 —o—Tabas
g os 5 ’f SCE
B e 04 -
@ 0 ' 03 —JFP
02 %\*&% 0z
0.4 X oo ___ﬁ,ai : o1 i ol
00 _.gs:ﬁéﬁ————l_—' i . 0.0 — . ‘ 00 T .
000 0.0 002 003 004  0.05 0.00 001 002 0.04 005 0.00 001 002 003 004 005
Driftmax,y Driftmax.y Driftmax.y
@ () (b

S gV () e £+ Slallas (slaosle 53 ik ks ar Sl by VLSS

Slagb £ 0 paVode (7)) 5 Slaib 0 0 Vs (&)

eor 3 e 338 oo DLl i eile B e
S s ek sl Dl 5 akb Yol les )L,
VA Ol glazl 0 4 Cod 2S5 OV gde 5 508
Jstr b (00) Jsd) daspe 0L 1y ial5sl ass
e sbaesle les) mal obosl 5l Jols Bl sae (1)
SOl G5 s 48 gazms Ly o o3 00 35l @ 35 aid
s U 2 By el Sl &S ol of
3520 5 Fap s Kol O 51 5 e Sl oY
Pyt
0 )y et Olad Sl edd Jol Dslite 5 el
S OLy b £0 5T T Sl slasil plis IS
Sl e Glaes e S5l slacab e
AL FSp wals a by pokis slacond g (pomen

Ol ) Sty Joolin (528 5 LSKE5 Jome 58 Sy s

aw 3 8 el e s e (gl glaeslie SL sl

UK aib £rs T Y Glaeile Sl Losske OseeYada
(A) Jsldr 55 «Sonp 05 dos s 3,55, e oo (V)
33 S ys DSy Slhles 5 a3 el 03 4Ll V1) G
b s T T Sllas slaosle B 5 Sled ans s
Voo sbeesle gl hsSde Gladsdr s 4 ar s b Adl s
cpslie SISl Sl Cand 5 JFP 5,58, Cow aib b
OseVode Sl (gl Cys Slae 5o Gl Ol
ks CH A 5 lakb b O Ve 53 4 S sladb 0
Ol 50 adb Yo lassle slos ) 5, lasin 55d o
glaab 0 05V L NU.» ISl S 5y Ol ks s
oS RS s gk b gkl 4o
Ul Gl L Q) Jsde) ol Aoy YYNYY 5 Y0 550

BL) bj".i) 4 C»;L_{)b J:"bli Q‘jn".‘: Ju_j) cgw&.& 6udJﬁ

2gd 9 ojlw ¢ ingfy g pale Qs /1N

licol )l - pady g (w (so)loud _ afifio g Cuugy


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

JS2) SCE 5,55, o &8 das e Ol Lo s
@i Yoopslie Sl S 5 Sled i 5o s e ((0)
8 &l S5 0LLE ook sy s Rl L)
3,55, Cod kb T ool pslie ISl s a8 Lol
USE ol Slib s e sses b ((8) JK2) TAB
S a3 53 a5 55 SCE 5,5 Sl fyaizean 5 ab S
ol a5 e o Jolis BT wile B
Ghols SCE 5,58, () UK Gilae ((Y+) 5 (10) sla <)
Spph S Sl fB Lol obS 5 wnls Sopn WL
RO PV SO W ISP N P I

S 5o & pshiles 5 padse ol Sl Sam b odas e
Sl 58 Sl Joolhe £ 5580 5 0 sdalie (WA) 5 (1Y)
Sl gl s s glaab & 0pVate Lol Yroosle
Slp &8 35 aamde poman ol S ate cplde LIS
wid Yo osle pslie SISl 53 Sos O Vade 53 38
s Sl bl s s Sl Jolle bl
el ol LS 585 et auls b WL slagl s
ol ey 05 et 5 a9 Shes sl
3 glagials iy pai A b " a8 sl 57
Fema sla 25 aly 2 85 s3,8hee oo & by

Ll a8 § )50

ab Yo sldlee slaosle gl ) ol oo s bl Dl s Loy -4 Jad>

slaib 058 0 sV e Olis s Sl ks CH S 5 glarb 0 lad sV e Ole pond Dl i
55555
SISl Sl aay ISl Sl aa IS Sl and ISl SBs a
=YY -YA/OV . \Y/TY Bam
VY/eY —£Y/A0 Y/et -y Tabas
AL =YV/AN -A LAY SCE
. =Yoo/ . =YY/YY JFP
ab ¥ Sllas glaesle los ) Gl oo St e el Slais Ao s -V Jad>
Slaab 098 slad ¥ sde Ol oo Ol ois CH eSS 5 larb 0 lad s 5o Ole pond Dl oS
55555
ISl Sl and ISl S e ISl Sl and ISl S ss a
. VY/0. —yAr —YY/YY Bam
VT A/YY Y/AL =Vo/YA Tabas
\7A} -\ AR EAAAR SCE
. ARVAN Ay =Yo/+ JFP
b by Sldlas glaesle slo ) ol 3 Sos bl Dl Ao s -V Jyu
Slaab 098 slad ¥ sde Ol oo Ol ois CHl eSS 5 larb 0 lad sV s Ol pnd Dl oS
5555
SISl Sl aa SISl SBg aas SISl Sl aa SISl SB s ans
—V/¥Y SNefen /YA —YY/YY Bam
. EALAYS Yo/oe ARAE Tabas
. A Y/ Y =Yo/+ SCE
. YV/EY , —4V/v0 JFP

197 3Yq0 q ojw (li1ag] 9 Golc apis

ol )lg) - pody g (W (s0)loutd - pTiiio g Cruwy (Jlw

[ xgzuo (sxanl 03T sjajc )0 s

19 19653

Gl oglifio (uiia


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

| 6H0m 600 GO0 600 600 600 L6:00m 6.00 600 640 600 600 L600m GO0 600 600 600 600 L6.00m 600600 6.0 600 600 L600m 6.00 600 6.00 600 6:00 LG00m 600 600600 600 6.00
i 1 _ T 1 T 1 _ T 1 o T _ T 1
=
} 36.00m I { 36.00m I 36.00m } - _I_ - ;”T““_ T _}___ _{_ I s_ﬁﬂTlm_ T _}___ -;_ - gﬂ_ﬂm_ T T
@ Immediate Occupancy Life Safety @ Collapse Prevention
@ (&) (A (@ (o) (<
53 aib Yo Sldles slasle 5o Saadly Joolie sl VA S o3 aib Vo Jldles slaele 5 Saudly folie jltle -V K
S O e () TAB 5,85 Sles ol slesl (5 O g e () SCE 5,555 Sl o3l sl
(il s Fema 356 bl ;5 Slas = o iy ,o3) (2l s Fema 356 bl ;3 Skos s iy 20)
¥ 3 i o 5 5
H 8 E B

@ Immediate Occupancy

@ () (h

5> il Y llae slasjla s bl Jolie bl —Ye S

(g O g e () TAB 5,85 Sles o3l sl

(A3L 4 Fema 356 WLl s Shas C)Ja..n s )

dib £vsesle L SCE 5 TAB 3,55, 55 Jlasl il o
Sie (B 5 Slew e isy s S ol ol SOL
53 b e Jolie 4 55 5 edis S Jol o S
6LAJ§JQ4¢)JQ.LIQJ§J§,1LQG)§}@U>JQU¢E

Life Safety

@ Collapse Prevention
@ (o) (<)
s aib ¥ Sldles glae sl 5 Saudly Jolis jltle V8 K3

m};—‘j&“ QMY)JA (J‘) SCE :J}SJ JLAJ A‘)l; 6[.@,”_"

(..LiL..A_sa Fema 356 _.l.l » s Sles lea..,, i ,x5)

S S5 oAb S G TAB 5,85 leg amsu )l
63 ,Ses als Jiilj Sl Al e e e Dl L
2 )::-' e)'l...»: ”LE.A o] BE) o J:.{JJ dla};:ﬁ J.;Lu

CJ.:)J JZAI)L: Q‘fozj .L.v)) DD;dA ;L:«oj: &)’"L’“‘ B

290 9 ojlw (iling)) g palc Qs /Pe

1ol )lg) - p0dy g (W (s0)loutd - pTiiio g Cruy (Jlw


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

ged aladle Sy s eyl

OB aw laadlpe 00 Ssea e L &S ool S5 0Ll
Slolle (SGsp o) Lasyw 2,58, K L3 e s
5 Sop bl @ s bt ol S wals b o pe i
ek bl b Sp el cpl il dal e s ws
O, 5 Lo Sl an s 6 50 (g (oS 5 ]l
23O Sl DB Gl ey Asd e all s
5 WBh gl s i SO S 4 S s 0
Clyb Dosar O Aul P an sy dal G5 sl
OAd Sl b oas col Olele pglie ISl 4y I
polee ISl ps S aals U s o 05 28 LSL“():;K-‘
Sl S g S sl S s el ol es
wile ol SOl s, s canslie Jlss 5 e LialS
0t (S s S el 3 Shes w1 g IS
A el By s wl] Curs s

L 600m 600 600 600 60O G40, 6.00m 600 GOV _GOD 600 600
r 1

Sl 5 et b folis Oledr 5 SRLT (YY) 5 (7))
aals 53 TAB 3,8, cou aib £ JSldlee (glaosla
258 o B SCE 5,555 4 Sl 5855 Lile 50 Shas
Sp Slasie 5l (o5 sk 5 Cdps Sk Ly,
Sz, sS) A Cou 8 O s e 5 Al o S5
s5d= Uy e pli Sope & (V) dsdr) o) ey
sl sl Gl S, gl Sy woe e b Jl s
ek Son G Sa i o3 Sealr apel b Sl
ohs 4 9 LN adge o5 8 o b C}\)‘l S L el
— ks o b S5 asli Lol ) ks, coals (TR
G oo gles ) s pl 5 s el oble
5 Sl o3l Sl M lis sy s "'Jb‘w
dalp s osle Jool sbadladl o3 o folis 5 28
wals 5 Sz Gl S L U5 e 5 e A
sosle DlEb il Co e S5 Dl i sl o 1 s

L6001 600 600 600 600 600 | 6.00m 6,00 600 600 600 G.09 |
r 1 F 1

-
. = 9 p =i
-
o
= gmiy = e m abe —
e = g f—
- ot s et —
fo=og = po=01 = =iy = =i -
et = fomod = f—to= o=t = -
I
i h i T i 5
] ] £ £ £ £
= = ) & & Bl
i H B 5 A 5
H g g S H g
i N
o=t = % = F o= F = o=y
il -
i B el - =gl
om0y = po=op = = re=el
== =8 =8 i - = jo=oy = bR e p =0 = o= =
ot = 4 = 4 = =1 fomtt = 2omid = 1 = Romsd =
jo—rd = 1 = 1 = fo—od = 1 = 4 = § = Joof =
emofomoomofom N N N -
e - - - -y po=— - - - = o - LR o
S Bk o AT B B fomid = fomid = 1 = o] -
=1 - - - ho=od == B - =1 - g
o= - t =4 = = - - - = 4
po—tg = LR
2 2 ¢ 2 2 9 2 v 9 9 @ ¢ 9 9 % v § & & & ® 9 & i 4 1 8 8 0B © + B & 1 B ¥ B 1 v 1 & 1 8 1 % v
I 36.00m | I 36.0im | L 36.00m | I 36.00m | I 36.00m | 36.00m |
) 1 I 1 ) 1 I 1 I 1 1
@ Immediate Occupancy Life Safety @ Collapse Prevention
<C) (©) (4 <C) (&) ()

s aib b lalas slaesle 53 Saadl Juolie Jlotla —YY S
(ot S5 0 e ske () TAB 3,55, Sl o3 sl
Slaab ¢ 0¥ se (C) s laab 0 O sie ()
(A3l o Fema 356 olul 5 Slas sk i j25)

Pl 290 g ojlw (g g Gale aypis

o ik £ e slaole s Sl fuolie sl =YY JSa
ot 5 8 e pe (CN) SSCE 5,585 ke o3k sl
laib £ 0V ks (£) 5 slaib 0 0 s ()
(Aib o Fema356 lul 55 Sles C}lﬁw )

ol )lg) - pody g (W (s0)loutd - pTiiio g Cruwy (Jlw

[ xgzuo (sxanl 03T sjajc )0 s

19 19653

Gl oglifio (uiia


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

=l 1

[1] PEER Report 2017/06, 2017, Guidelines for performance
based seismic design of tall buildings, Report as part of
the Tall Buildings Initiative, University of California,
Berkeley.

[2] Naeim, F. (2001), “The seismic design handbook”, 2th
edition, Kluwer Academic Publisher.

[3] Chen, W.F. (2003), “Earthquake engineering Handbook”,
CRC Press.

[4]. Zhai, C., Chang, Z., Li, S., Chen, Z.Q. and Xie, L. (2013),
“Quantitative identification of near-fault pulse-like
ground motions based on energy”, Bulletin of the

Seismological Society of America, Vol. 103, pp. 2591-2603.

[5] Trifunac, M.D. and Todorovska, M. (2013), “A note on
energy of strong ground motion during Northridge,
California, earthquake of January17, 1994”, Soil Dynamics
and Earthquake Engineering, Vol. 47, pp. 175-184.

[6] Trifunac, M.D. and Todorovska, M. (2013), “A note on the
power of strong ground motion during Northridge,
California, earthquake of January17, 1994”, Soil Dynamics
and Earthquake Engineering, Vol. 52, pp. 13-26.

[7] Tian, Y.J., Yang, Q. and Lu, M.Q. (2007), “Simulation method
of near-fault pulse type ground motion”, ACTA
Seismologica, Vol. 20, pp. 80-87.

Mukhopadhyay, S. and Gupta, V.K. (2013), “Directivity
pulses in near-fault ground motions-I: Identification,
extraction and modeling”, Soil Dynamics and Earthquake
Engineering, Vol. 50, pp. 1-15.

8

—_

[9

—

Mukhopadhyay, S. and Gupta, V.K. (2013), “Directivity
pulses in near-fault ground motions-1I: estimation,
extraction and modeling”, Soil Dynamics and Earthquake
Engineering, Vol. 50, pp. 38-52.

[10] Malhotra, P.K. (1999), “Response of buildings to near-
field pulse-like  ground motions”, Earthquake
Engineering and Structural Dynamics, Vol. 28, pp. 1309-
1326.

[11] Somerville, P.G. (2003), “Magnitude scaling of the near
fault rupture directivity pulse”, Physics of the Earth and
Planetary Interiors, Vol. 137, 201-212.

[12] 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, pp. 815-828.

[13] Kermani, E. Jafarian, Y. and Baziar, M. (2009), “New
predictive models for the ratio of strong ground motions
using genetic programming”, International Journal of
Civil Engineerng, Vol. 7, pp. 236-247.

[14] Yaghmaei-Sabegh, S. and Tsang, H.H. (2011), “An updated
study on near-fault ground motions of the 1978 Tabas,
Iran, earthquake (Mw=7.4)", Scientia Iranica. Transaction
A, Civil Engineering, Vol. 18, pp. 895-905.

[15] Burks, L.S. and Baker, J.W. (2016), “A predictive model
for fling-step in near-fault ground motions based on
recordings and simulations”, Soil Dynamics and
Earthquake Engineering, Vol. 80, pp. 119-126.

[16] Hall, J.F. (1995), “Parameter study of the response of
moment-resisting steel frame buildings to near-source
ground motions”, Report No. EERL, pp. 95-08.

[17] lervolino, I., Manfredi, G. and Cosenza, E. (2006), “Ground
motion duration effects on nonlinear seismic response”,
Earthquake Engineering and Structural Dynamics, Vol.
35, pp. 21-38.

&S om0
ws Jae CBojle aw gloy ) s Shee (ash opl 5
Ver 5 V00 ‘v~k;lstw,\l{g,.§;4{‘4jflai~ EAREAKIE W
2 SIS 5 slaib 0 el sV e 5,5 Lol e e
2B il el 8 S 15 aalllas 5 o lis IS
Aoes G Sl e b Sl b s
Slds S 5 Ly S35 055 edhd pulide slas, S,
35 e Sl gladie sy sbe sl

wals 2, W 5 o3l il IRl L oS 1 Sl
Laosle pely sla el palie (ALl Glasge 55 Sl
S5ms emman 338 (o0 (i (B Lp5 b Dl s
L Obojes colid clacSlod 5 Ll Soslize slaksle
5 el Sl s e D e asn AL
oS 5 Sde Ly &8 01 Ko 65 asde wly B bk
53 o Sl amse )bl S jasiie BAM w0 5,58,
Soz ol sl 2055, cpl 4 by e TR LN wil s
Aol e S el

S 2 S B0 pslie SISl Gp¥de Sl
Ly ol adb Yo Sldlee glassle oy ys eyl falS
gLl lialy 53 el el cal O Seal i Sl
Dbl bl sge 5 00S mio b Sldles lae sl
laosle SB35 lab s Sluis ol auls 5 eds S Js5
L) o demy b A3 00 gl s aib £ 5 T Sl
OseeVade aw 52 5,8 (Gl CHESG 8 5500 SO LS5
Sy ey Sle asls (pioman 550 e ala>e poles Al
N P Y T R ST PYRTIEE PP Rt
ISl anl aed Slib s 2l So S ol s ol

A oy L;TLJUQ.A Lgl.&c)l.w

&> s C}Jﬂw s oals b e 2 folie A1)

ISl Sl s YL sl i Sl gle 1S s 58 5SS
bt Jolie 1S T 5 SKeal s S 1SS p sl
gLl sl 5o s bl Sl s boeslis G CO
Folss assome 4 a5 L iomen 3505 Son bLI I sl
C,Jg..:“)é 6‘@0ji Lgl.w}:.w‘yj.u >f_)l5 4‘_5).9 CJJ...ZJA
.L;‘}:L;a ol Alwd L;]a._oyﬂ uu 4s 0 _L\.l.v 6LAAJL~ r)lju
&:}} o3 3 Lg\e)'JJ B, sl slasl &.L«.? Cwrd 9

J»J:Lv asls = DL cJ~.S/

2gd 9 ojlw (iingfy g ole gy /pb

lICol Jlg) - pndy g (w (so)ladd - piio g Cuuy (w


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[34] Yaghmaei-Sabegh, S. (2013), “Wavelet-based analysis for
pulse period of earthquake ground motions”,
International Journal of Engineering-Transactions A:
Basics, Vol. 26, pp. 1135-1144.

[35] Tsang, H.H., Wilson, ].L., Lam, N.T. and Su, RK. (2017), “A
design spectrum model for flexible soil sites in regions of
low-to-moderate  seismicity”, Soil Dynamics and
Earthquake Engineering, Vol. 92, pp. 36-45.

[36] Iranian Standard No. 2800, (2014), Iranian code of
practice for seismic resistant design of buildings, fourth
edition, Tehran, Iran. (In Persian)

[37] Iranian National Building Code, 2014, Steel Structures -
Issue 10, Tehran, Iran. (In Persian)

[38] Azhdarifar, M. Meshkat-Dini, A. and Sarvghad-
Moghadam, A. (2015), “Study on the seismic response
parameters of steel medium-height buildings with
framed-tube skeleton under near-fault records”,
Electronic Journal of Structural Engineering (EJSE), Vol.
15, pp. 70-87.

[39] Iranian National Building Code, 2014, Design Loads for
Buildings - Issue 6, Tehran, Iran. (In Persian)

[40] Ahmadi, A. (2015), “Assessment of the sismic drift in tall
buildings subjected to near-field earthquake records
containing forward directivity effects”, MSc. Thesis,
Kharazmi University.

[41] Whitney, R. (2019), “Quantifying near fault pulses using
generalized Morse wavelets”, Journal of Seismology, Vol.
23, pp.1115-1140.

[42] Afshari, K., Stewart, J.P. and Steidl, J.H. (2019), “California
ground motion vertical array database”, Earthquake
Spectra, Vol. 35, pp. 2003-2015.

[43] Rupakhety, R.b. andSigbjornsson, R. (2011), “Can simple
pulses adequately represent near-fault ground motions?”,
Journal of Earthquake Engineering, Vol. 15, pp. 1260-
1272.

[44] Rodriguez, A.A. and Miranda, E. (2015), “Assessment of
building behavior under near-fault pulse-like ground
motions through simplified models”, Soil Dynamics and
Earthquake Engineering, Vol. 79, pp. 47-58.

[45] Celebi, M., Ulusoy, H.S. and Nakata, N. (2016), “Responses
of a tall building in Los Angeles, California, as inferred
from local and distant earthquakes”, Earthquake Spectra
(EERI), Vol. 32, pp. 1821-1843.

[46] Zhang, H., Lian, M. and Su, M. (2020), “Study on the
seismic performance of high-strength steel framed-tube
structures with replaceable shear links”, Constructional
Steel Research, Vol. 171, pp.106131.

[47] PEER Ground Motion Database, http://peer.berkeley.
edu/

[48] FEMA 356, 2000, Pre-Standard and Commentary for the
seismic Rehabilitation of Buildings, Washington D.C.
Federal Emergency Management Agency.

[49] FEMA 440, 2005, Improvement of nonlinear static
seismic analysis procedures (ATC-55 Project).

[50] Azizi, Y. (2019), “Estimation of structural resilience based
on fragility curves and uniformity of drift distribution in
bundled tube structures under near-field earthquake”,
PhD Proposal Report, Kharazmi University.

[51] PERFORM 3D, 2007, Nonlinear Analysis and Performance
Assessment for 3D-Structures (CSI), Berkeley, California.

[52] SAP2000, 2010, Integrated Software for Structural
Analysis and Design (CSI), Berkeley, California.

b/ 3Ug g ojlw (iagfy g Golc aypds

[18] Kalkan, E. and Kunnath, S. (2006), “Effects of fling step
and forward directivity on seismic response of buildings”,
Earthquake Spectra, Vol. 22, pp. 367-390.

[19] Mavroeidis, G.P. and Papageorgiou, A.S. (2010), “Effect of
fault rupture characteristics on near-fault strong ground
motions”, Bulletin of the Seismological Society of
America (BSSA), Vol. 100, pp. 37-58.

[20] Riahi; H.T., Amouzegar, H. and Fosoul, S.A.S. (2015),
“Comparative study of seismic structural response to real
and spectrum matched ground motions”, Scientia Iranica.
Transaction A, Civil Engineering, Vol. 22, pp. 92-106.

[21] Bradley, B.A. Pettinga, D., Baker, JW. and Fraser, ].
(2017), “Guidance on the utilization of earthquake-
induced ground motion simulations in engineering
practice”, Earthquake Spectra, Vol. 33, pp.809-835.

[22] Puglia, R, Russo, E., Luzi, L., D’Amico, M., Felicetta, C.,
Pacor, F. and Lanzano, G. (2018), “Strong motion
processing service: a tool to access and analyse
earthquakes strong-motion waveforms”, Bulletin of
Earthquake Engineering, Vol. 16, pp. 2641-2651.

[23].Taranath, B.S. (2005), “Wind and earthquake resistant
buildings structural analysis and design”, 1st edn,
Department of Civil and Environmental Engineering,
Georgia Institute of Technology, Atlanta.

[24] Mollaioli, F., Bruno, S., Decanini, L.D. and Panza, G.F.
(2006), “Characterization of dynamic response of
structure to damaging pulse-type near-field ground
motions”, Vol. 41, pp. 23-46.

[25] Narayan, S., Shrimali, M.K,, Bharti, S.D. and Datta, T.K.
(2018), “Collapse of damaged steel building frames
because of earthquakes”, Journal of Performance of
Constructed Facilities, Vol. 32, pp.04017128.

[26].Gunel, M.H. and Ilgin, E.H. (2007), “A proposal for the
classification of structural system of tall buildings”,
Building and Environment, Vol. 42, pp. 2667-2675.

[27] Ali, MM. and Moon, KS. (2007), “Structural
developments in tall buildings: current trends and future
prospects”, Architectural Science Review, Vol. 50,
pp.205-223.

[28] Alhan, C. and Siirmeli, M. (2015), “Necessity and
adequacy of near-source factors for not-so-tall fixed-base
buildings”, Earthquake Engineering and Engineering
Vibrations, Vol. 14, pp. 13-26.

[29] Krishnan, S. (2007), “Case studies of damage to 19-storey
irregular steel moment-frame buildings under near-
source ground motion”, Earthquake Engineering and
Structural Dynamics, Vol. 36, pp. 861-885.

[30] Mazinani, I., Jumaat, M.Z., Ismalil, Z. and Chao, 0.Z. (2014),
“Comparison of shear lag in structural steel building with
framed tube and braced tube”, Structural Engineering
and Mechanics, Vol. 49, pp. 297-309.

[31] Khaloo, A.R., Khosravi, H. and Hamidi Jamnani H. (2015),
“Nonlinear interstory drift contours for idealized
forward directivity pulses using modified fish-bone
models”, Advances in Structural Engineering (SAGE
Jornals),Vol. 18, pp. 603-627.

[32] Azhdarifar, M., Meshkat-Dini, A. and Sarvghd Moghadam,
AR. (2017), “Analytical Study of Interior Rigid Bents
Arrangement on Seismic Response of Tall Buildings”,
Journal of Seismology and Earthquake Engineering
(JSEE), Vol. 19, pp. 247-260.

[33] Kalkan, E. and Kunnath, S. (2008), “Relevance of absolute
and relative energy content in seismic evaluation of
structures”, Advances in Structural Engineering, Vol. 11,
pp. 1-18.

el )lgd - pay 9 (o (s0)lath - alifios g Cuuy (luy

iyl ogWiio duiidl g ps)3jl ygzuo saanl 03ljT jaic )5l


https://old.journalisss.ir/article-1-410-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

- 53Y90 11D sloglaiblu gslojy) )Li6) p slojlw saiy Ty pib Gu)p

1 Imperial Valley 1979

2 Loma Prieta 1989

3 Landers 1992

4 Cape Mendocino 1992
5 Northridge 1994

6 Kobe 1995

7 Erzincan 1992

8 Kocaeli 1999

9 Tabas 1978
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11 Strike slip fault

12 Dip slip fault

13 Reverse oblique fault
14 Rupture propagation
15 Fault parallel component
16 Fault normal component
17 Narrow band

18 Framed tube

19 Web part

20 Flange part

21 Shear lag

22 Vertical component

23 Bundled tube

24 Rupture directivity

25 Forward directivity

26 Pulse period

27 Immediate occupancy
28 Life safety

29 Collapse prevention
30 Stiffness deterioration
31 Strength degradation
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