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Investigating the feasibility of using the Endurance time method in the evaluation of
steel moment frames equipped with tuned mass dampers

A. Khani, M. Taheri, S. Epackachi
Abstract

Tuned mass dampers (TMDs) are a combination of mass, spring, and damper that are added to a structure to reduce its
response to lateral excitation, such as wind forces and earthquake excitation, especially in the displacement range. Due
to the very rich frequency content of earthquake excitation, the use of TMDs in steel moment frames does not
necessarily improve the structural behavior under all earthquake excitations. Exclamation The time-history method is
a new nonlinear dynamic method for estimating the behavior of structures under earthquake excitation. In this analysis
method, the structure is subjected to an artificial incremental excitation. The results of the nonlinear time history
analysis show that the TMD reduces the average maximum roof displacement under selected ground motion records.
The performance of the TMD also improves with increasing mass ratio and increasing building height. Adding a TMD to
steel moment frames reduces the average maximum roof acceleration under selected ground motion records and also
reduces the average maximum base shear of the building. The time-history method estimation of the maximum roof
displacements of the structure at a hazard level equivalent to a 475-year return period earthquake is also 10% to 20%
less than the nonlinear time-history method. Exclamation The time-history method estimation of the maximum roof
acceleration of the structure at a hazard level equivalent to a 475-year return period earthquake is also 10% to 20%
more than the nonlinear time-history method. Exclamation The time-history method estimation of the maximum base
shear of the structure at the considered hazard level is also 5% to 15% more than the nonlinear time-history method.

Keywords
Steel Moment Frame, Tuned Mass Damper, Nonlinear Time History Analysis, Endurance Time Method

296 g ojlw (iling]y g gale aypis / ON

lICalt )Ly _ pqu g Jaa (so)laid - p)lan g (v Jw

62101 Lol ospols 320 ilb Guuapol


http://journalisss.ir/
mailto:epackachis@aut.ac.ir
https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

o Sl b bl (6 5ltings gl o3linul 3550 o5 S
R A Do a3 sl Sy sl
g a1y dn (al 03 ey

Ol sk ol 4 450 e 05 SOl e
G2l dsb s el sl il Ko i o5l slauly
sl o3l J S Ay s

N D N P - L LW 53 el
i S Ca 5 S ole BLoeslil s
S a8 3l Ol Dl s 1] 58 Wl g sla
Db 8350 5 1, Jal 55l L;La'c.qli Ll g5 o S5 5550
Ll i 4 ool S5l 3 3 O el (S 5S

b gl TS e 05 5 T el
Sl g 655 W (gl ol B b 5 el S S
Lol o Shos b 0868 K o Siisosle o050 S o
IV s S 6lol oS 5 aly o

el sken o aiaed B KOS 05 b
g edkdlll S 5 gl 5 e gl
(o3l ax s G sl s ol g O i 03 SeS
Blaoleln Sosls p s o S 5 G e BB
Ol 03 el Sl B B B e e SR 0
333 3 el oo ples &S 350 e S 4 3
[F] L,38 e ol il

sien S BSGS 5 e 5SS el el
4 O ot 835 3 posarta Shol Sl Slagaly als
wrlbd sdie s e Slie Olpea ol 6Ll ol
2yt

Shesliial Jedly s p 4 by Slidosd 3 Olds
LU S e Co ol bl )l mals 5s e sla S
sl bl giluag 3l Gaa Sl cpl s astls ,y gslas
e 03l ey gl ity Sl Bl a2 S e
L 13 ol 6 5 gal3l am s K asle Ol ol b
Lol LL oo Cod dly ol opl 5 aB § L s
TGO B O] BTN V1 Y R W SOV VA O] Lot Prs
(i slarss Sl eslial b e Sl sla bl

0348 d3d e yaFia S ge pl el el (g3l

1 Frahm
2 Ormondroyd
% Den Hartog

09/ 398 g ojlw (iinghy g Galc Qi

4ndde —
s a3 Caner Gl Goomen 5 ol e e A
o Lokl g LISE e 2
el eds Sop gba,ed S ad okl
Ll Salys Gl (S o0 o al gaolaxls
ALl el Lpd e Bl s sl (s ,0 b s 35 S e
Gl ol Eel (asiiie e ) 3, 515 O s o
e g sell el slnl o 5 Slosle e 5 (Slosla
SalS bl a by sy e Olesstle 5l OB wsSeslizad s
ssben pemer 5 Sl LS oS Sl AL Sl
IS Slagiemm Sl ejs el Oladige dbassla suul 5153
S o o3lizal baoslee b 55 03 28 &y pots o3l

e e 5 Jladans (Jlad J 25 4l aw ap baosl J 28
gt Sl Dl past (b oo J S 53 350 0 e
S o o 0l Slagal 8 &S o kS (5 i el
st 5 BB D st O i 3 0 ot ol
sl Cg> O;.-)l;'- & sk - Qﬂ‘ 5.l u.':.alS
SlediS ol (551 Gl Sl 250 sy o5l 4
St alos3l les ) slajlalis 5 (Sealys Slales)
e Lol Jlas i J 28

Shly 5 blussdee wile b2 J 28 0w o
Sl olio 5 g Sl Tl )l 1 58 ol
S5 3 5 53 S e 25 Bl e 4 (St o3l ja
@ edd feand s ()l GG o o ol
(s e pos 503l 55 S s Sl 5 ol bl 0
/ ls J s

Jied 5 J 28 ot dlozleddoolad o S e
501 LB, » WS Jsol Ssle Jdsa oS cl bassla
03 S ot ol sl 5o |2l 5 coal OISG) poan
Ao b glaesle o pasta baosle muly RS ¢l
s o3l (Sl G o

GRS 53 edieed e Sl cbe 3 Shee
Sy Slasiie wile il bl e 4 o3l slagaly
o el o Sl Sl eddeslinal o Cd ol
S 03l 3 edBelaS o Sl (513 i
5 ol Bl (5 e ddeas a o Sle gy (3

IEop jly - o) 9 dan s0)ladh - pow g (w (Jw


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbpsais oy T o & jaao 536 g litasd slowals )y s plgs dloj gidg) jl oslaiwl gaimlEol gu)p

P .S G S S Slaa s
L;nﬂ&uu;”&);wim(wgw»b};ammm
23 Ay eddais e Sl Olekily 5 oL sl
ORIl b e gl iy Olidme Gl gladle
sls slgly Lnjf\ﬁ.a NI
b b ,5eKaS Sl eslind @ Ol g biss ol alass)
Bl 5265l b5 G oS5 DT] ot 8l LB
S5 s D0] alltr o la Sl {OF 57T o

JIA=V7] >JSAJL11JJJL._{\ QL&.‘\L‘_SAJ?;‘J:A

cb; ol T3 -y
5 Sl b slael s A5 Gl B sl sk
S5 Ko ot a8 SO ot Al izeen
ol o3l Anw 5 (plizee 5 Olukige L ile b s,
Jalbes Sl Lo & Ol e bty ) abom sl o
Slod )b Jdos 5 05580 5L s (maly ab s
e s 8 B 8 1 a5
S o el ol 35510 sl 3 50 B (5 G3
Cogon Ay S s ol ol
Clasie 4 g b &S aily sbady); oKl
ol o Sb Slasie 5 s e Sl
35 Jlesl o3l & ook

Jolie iladde b o 2 Sl B oaen
53 Sl bk glasl s pd JS la 0 gl Sty
Ol o S ool Slacius sdoms b3l .ol o ab § LS
5ol Qs aulp 0aa Y5k b Slalee Lupa «
385 o Ll o 55 cnl sl sl Sty

sms b Ghs el Ol esliial s sdome fran Lo
Corsoen Ol 28l Gl Sl rdigs G 5o YL 255
das r e 5 Jes 53 pedige dralr 5 0350 Jla, 5 oYL
Db s s mel ik s ddalee Skl sl
Gl FeS 3 am s bl Sllos Ay Clew 0533
S oslizad s s,

Lk e (Selos s Keplss Ol )
ot o3 el W5 S ol 5l 3550 s,
S e oA e s S e S Sl
Olejm ol mlsi o8 Sl 5)50 (oo gume sl S 5
Oley 534S Wledd A5 (gl Sa (Lpd o ol ols>
A e S L sl s Ses (S5 S 5l e
DA s o ol 35 S sl escin

Sl Gln olin gl 5 e S S 2
[¥] 350 0 S S w0 Of @il aS 13 3525 o
(o Sl Sl B S0 50 Slii 5l gy A e s
S el bl s Kl ey p 4 Oldise
Sl e a0 G e O3 SGlSl aath
Cose pl 2 oshe Soleadng e 0D Jedony
5 S O e Glaiss Sl eslanad b gileag
stln (RS B3 s 03 s een o el 0L
sl slra gods la s, Sl eslanad b Oldds ¢ 515
35 e Sl e bl ilean & pll (o
i I3 e gla,y Sl eslil e 22
Cope Fue Al o bl Ll el el Cowsay
[0] s 8 aal

Lo sladde &) o b ST idns p8 )3 Oliies
ol e Sl s el 5 03 S Wbl (ool ax o
IA=5T w5 S g DI

s S sl bl Giletng ¢l n o3k Slides
o3 el sd pll @3l s e glassle s
s o Sleatla glas sl a5l il (glao sl coliis
(23T a3l ladde &gty v 5 Gl s (Slaosl
el o L) o S e aosla ol as dleds (g 5ludbe
@il e il de (555 Dl opl 53 e S
Cow ol pl il sl V.Ja..» el Jsl e f}!jw Y
A S 5ol o bopar (bt G
Sl el 5 s JS5 s wli b ol 53 il S 3
it 538 bt 5 ool b lises o S
Lledls

Glolas oy pon s 1l (o3l Sl el b
Sl Alts > o Bs 0l OAES 5 b asd e S
S Soposd dpde g0l 5 Coe (e 5 BB D) son
s b L85 Bl axls (o3 sl Sl s il S
SISl a4 55 45 ol 0l 5 S (L OT 05 Sy 5
SalS gl Oliime cplalo cils dalys ol Sl
oslinal il 35 L Ll B By S S Ol
S e

Lor Sl oS ol s gty eddelnl Sl s
Sph ks dalee o33l ams Gl S sl A
153 Sy e S S Sboting Shos g0l 3
Gl bl e slas (gal3T & s opl 35 e pl sl

[\\—ﬁ]@‘a“%didj)jw&f;]ﬂé

g4 g ojlu ¢ ilng) g ¢ale api /7 Co

liCalt )Ly~ pqw g Jaa (s0)lad _ p)lan g G

62101 Lol ospols 320 ilb Guuapol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

55 el o5 plondl 5 Sy ot Lol Ll b3l
B ai ool paisie Oy soay Olided pl 51 S a4 aell
@V et GlaB L5l sl el Oley i)l o
5 S 1] A eslizd las st 3, L L
st 1) V5 hast ol 5o o> Dlre O
58 58 0L 5 ~L [V s ez plgs Oles 255
sl @los ) Slssl oo b elss Ol (Sslus i
L5 S anllas g5V 58 Flas ot sk, 58 L oga¥si
sske Lples Ol gy Sl eVl anlsl 53 [YY]
N UED - SN Y Py S g
LIYT L5 503 (e 2 S

Sleid ol e sy cpl 5 day Slidod s Ol
ol e (e et s ) b b gl Glaosl
Slos ) Jat Ol e (os¥ g e OB (gl
SO 5 o2 laslps GRS AN pw) 5 4 Hromes 5 05l
ITV=TF] il olys 0la s 3l esliial L st

sss LS ol Ol wey ol 5y Olidee lallas
S Slyeis a S onl mW el Sl Sy glac e
b ol o b OT lael ot 5k 5 esle muly
Laosle Sk, Lol &8 S8 b cplple 358 o) p S35
Aroos besle Gl (b sles (e 5 s
Jelos sy Sl eslinal b ABls glaeds 5o 35 G
Sl &8 G wedamy 60l o o Sl a6
iy 5l eslatul Sy g pl 55 gl s0by 5 YL
2 p et eSS Glale dupa 5 cle S35 L LS
slas! ol sl 4 plaws jsbua 5 >k Ayl Jol s
Db o3l JS S5 5 ln 3550 imen 5 Sl b
sla Sl 5l eslizal a5 e WL e g Jal g e
SISl ghls Tosas o5 s slasila s sdio e e
A s sl B e el e s 63Y
S8 b Gap s A K e il S o
By g D mmn i dnslr (53 =)

Sleslaial aewOSal o) o skieas e ol 5s ol by
@ e 63V e B oLl ps el Oy A
6335 (mss phast O 55 5l ldediS e S
S o eddnled o Sl seme i V5
s bl elss Ol s, Sl eslinal L a3l

Ol Gl s Olgeds ad T et U dlie pl 5o
Olgsas aib Vo izt Ol 5 4wl S (65V 55 slaojl
sl o 4z § L s ad e0be (63Y 58 glaeslu 3l (14 sal

P17/ 290 g ojlw iing)y 9 palc i

I L sl b ey el Ol )

Sl el s 4 Sod S Sl ol Sl
el D57 2 Sl Sl Gl &8 51 e 2
S Al =gk 53 SboslaS Sl egsa Su e o)
oo Saale slal 53 Al el Oblad S 05 e plndl

slaesle sl plss Ol Jiss oo Lbesl -) IS
sl

Sielasl opl 53 ops e sdalin (V) K2 55 45 5k oles
Sl el Olas sy (oo gme g iKulid Jles! ) shites,
5l aw O3 50 ol Gy Sl sld sslinad O3 ) 5
el s edd esly I3 wlas S ghyls adb 4w ias OB
D3 plss Olos ras o pean Cllilis S co Lassle
S

s 03 sl el L, (S o5 Al gladle o
Jls jsba S o S GLIBIL 5 sl 4 dll e et
slowl 5 edd a2 85 5,05 A B3l s, ccda A6
S, Ll sl e o ol ol 5o et Sy Jolie
Sdd Gl Ll st s3> 55 e C 5 B slaosla
A A Sl gl S as Y U s e sba 5 S o
el Brasp Bkl 3 a3l cpl s edewy Jsd LGS
Sl Ll el 5T Kaadly ol bl B 33l 53 puean
S D il sl 5l et o3 55 558 C b5l
el e s 5553 s S sbay A S5l AV L s
o4 B oSl Sk o Olse ormes
el s Bl s el b s ey Jp3 B2
o3l opl 5ol 5T SCawdly Lolin slowl € 55l 3 pizan
woars bcel sden s Sl el 5 Shae a4 5
ples Ol ra) (oymas SRS Cou aojle b,
AN Rl s elss Ol op FeS A Sile oS S Ol e
35 ee e s pls Oley 0 5 e €85l 5 Sl ) s Sas
el azils |y gles )

Loy ool Sldllas plos Oby gy Bome 5l
% o ol Ol l Sl 5 Sas ) ) slitons Oliie

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn



https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbpsais oy T o & jaao 536 g litasd slowals )y s plgs dloj gidg) jl oslaiwl gaimlEol gu)p

O eVl 8 S sl Aty OB Sl e
el ol s S a5 s lade & son
o sart sl pier GOl ol iladds Sl ey
ol apd BBl Lol 4 OB e gl o)
Dl oke Ol s

SlaoS jap e olal e

b e sl s glenl 5l glae 5 03 Side @

AL slae S ool Ol s Jles! @

Joo Ol sblie b Dlissast ola] o

o 3 oo el Olos cch#cb.w

Oﬁﬂjﬁdubw\@ﬁwcﬁ)\.ﬁ\ .

Osw 5 55 ol g s @

o LS SP-A Gl g (s @

Jlail gloanior SOl g5 nl @

o3le 55 1) Jlasl slaaain s3ludde Sl (V) K2
Ol i b et sl Jlas! glatasin das s 0L
Sibedde 25 a5 Jeade Lol fate (o
Lles

Rotational spring to model shear
distortion (element 4xy00)

500xy1  500xy2

[xy02] [xy71 Wixy03]
[xy01] § m: [xy04]

500xy8 = €—50003

[20-1)y2] [xy10] 05 [2xy1]
(Elastic Beam-Column 500xy7 = eSDnyll
Element between panel

zone and RBS) [xy09] - [xy06]
[xy08] 1‘ [xy6] [xy07]

500xy6  500xy5 (Elastic Beam-Column Element)

Ji.a:;'-;_;u Jlas! L;Las‘u»,i;; d»:).@.u Joe =Y JSJ:

o S ot glailedde 3 pae o S
P 3 oile a3l Sl 4 Je S, Dl S SOs s ax e
53 Szl Al i o ) g e 55 o0 IS
Sy s g oS e o 2 51 Sl e Jue
«l ol 3 ,xe Opensees l3le 5 5 oVl i
Jle 53 osle oyl gl ks Jals; il e Bilin sl
Slsges () I3 [YA] ol ol osls Javy 5 5,0 Y0OY
$Bilin sl Sadly Jolin 3ludie 31 fols Ol 53 Olas
das e gl 1 siledde ul g 3L ssse sla el
Uyt Szl Joolie (g3ladle sl 5L 5550 o 2l
51 a5 ,Le Bilin ésbe
(Ko 3o SVl o (Mye) e wbod oo slis
I s b b My /Mo e Olos 4 ol Ol ol
@ Odem S e Sy U b (B Sadl

Lo oddebis oz Sl O bosle opl 51K o 5,
Sl s 92 kS8 S b el i e ST
Aol oLl ples Ol s w0 d s S o Ao
G33 s b s ol ) edelcsa il gl 53 s

A el alie o o Sles e U

s o 5leds Y
Cou 3V Ghmss e o ke, oLl sk
Sles amb s el Ol s a4 di S
2 @V Gdmss e Lol ladde (s
Zewl sl el Opensees )l 53le 3
glasl ot o ki) wi S0 50 gbgsledds o
ohd (Byxe S pate BBl psgde Sl ealinal b (Sl 0k
S s Lael el e Sl g3ladde g0 ol 3 e
bt Sl by ol 3 a8l e BLEI 5 sdme Jsb
SOl 4 oud Jate « SxaW s 55 LI 51 eslaza
S, B LS o Jor (e gl Dlgisa &S Jho Ik L
S el ol g ilok Jobe S Siylad | et
oot et Sl ks, bl s b e (Saelos
Slaandor 5 Oy o 4 by Sl Jolis 45 (s
Kledd e O g2 Jlasl
=l (gilwdde oS et lasB s Lol sl
3l S Hle Ll
ol eSS @
o st Saudly Jolie @
Lo s 5 b s KoVl slaoldl o
Jlal glaaai= @
b Sl Jolie @
P-A wlas sladsiw 5 b5 b= 0Ll o
P-A dlas O 4 5 VLl Lo o gla s @
oo 5 (3B olis s opme 5l Ll Laesle slas s
S g et Sl S5 bt a0l il 0K i
s e G olib il ol s 50 g Lasl s
sbtea ol Ggme P-A 1L 5 4l 4 I8l
Blas K ooVsh ier b o 3 P-A BT Jles!
el o 3Ll o3l 4 oL~
soldl 5 Leaning Column glag siw Juld ailas ol
S 5S lm e b Jolhe (pomen 5 5 Olsen oL
S S 831l wlas ol b Al e Jeaide o84S

o3 8las ol a8 pl g gl e ab § L s OB Blas

290 g ojlw (iling]y g gale ayplis / 7P

liCalt )Ly~ pqw g Jaa (s0)lad _ p)lan g G

62101 Lol ospols 320 ilb Guuapol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

b a0 il lexr hils oV Lt Lol ol

53 Jdsl db Ul ramen s clab sl s e d
e ¥ ollb sl ULl 5 2 Y0 s el el
il SISl O35 5 LS aab s (gl es e L AL
s¥0rkg/m? (5lusS Jae loslu o Glil 055 s5Mew
Sl ol 4§ L5 s Yeekg/mZ aib a6l o) L
Joge Jdoi 5o aib a3 0l 5L 055 5l doss Gy
el 0l e3ls CS L (glos ) 05 Olseas iest ol
VB e OB Slasin (V) 5 (V) gladsdr s

RGP W c\jb\

by char OB olasie o) Jur

Ciie  aab [T% sl s sl s
S oS
fo o W24X94 W36X231 W36X231

o A\ W24X103 W36X231 W36X231
¥ Y W30X148 W36X231 W36X231
v Y W30X148 W36X231 W36X231
Y \ W36X182 W36X247 W36X231

aib Vv ies Ob Olasie -Y Jgds

Ciie  aab a5 s s sag s
iy sobs

e e W24X94  W36X231 W36X231

v q W24X103 W36X231 W36X231
q A W30X148 W36X231 W36X231
A v W30X148 W36X231 W36X231
v I3 W36X182 W36X247 W36X231
I3 o W36X182 W36X247 W36X231
o ¥ W36X194 W36X302 W36X262
¥ ¥ W36X194 W36X302 W36X262
¥ Y W36X232 W36X330 W36X302
Y \ W36X232 W36X330 W36X302

Opensees |3l 5 53 has ol Solwd e 51
s il sl o Sl sla il s shien,
odd dcwle OB pl Sl glade (e Gl 4

sl odal (F) Jgdm 43 aS ol

odoas o S g5lwdids ¥
(st OB (g5ludde 31 e (il M Byv-vre

)%}M‘}J‘&yféuwubawﬁujf;\ﬂ

eAb 7 3Ugd g ojw (ilinghy g pole gyl

C,A)Uu “ a.,\J'LAL;;Lg Ca\ﬁju“ st «(Bpc) Cf.ﬁju,d J:S‘.lp-

Bw ol Sl o b s kappa) s

M=xM
3 ¥

f \
el | |
[ { 1] | dod
~ i, CND)
* e d TTTT L o
. | | | j =
N Eid

N | 11
1 17 M=x M
= =M
S

Post -Capping’ ,/‘ I~ -

Strength Det. A M

Basic Strength Del_‘ M,

Moment M
T

Chord Rotation 8
Sy e (g3ledde 51 ol Ol p3=0les s sas Y JS0E

(Sl 5 gilwdde wul 3 (g5laeslu shtea cllie ol s
Shrgs et B Sl aen 5 Oli glaesl Sl
3550 Olals sl sl aslinal gdman Gl glra
CB b b e b e 5 G sSs ($)8 L e
s_)l.ﬁ aajLﬂ )h.")) Jlﬁ))l e Sl 0 uL>v_'\';\ 0}1_5 J:»\—Q«}
bj.&dA R Lbe)'l.w Q’.’.\)b v.:l:.ng;.l.v

S5l 5 ess o Cla.ﬂ daosle dea )5 o) 5l
IR rbu\ [Ya] ole=lu L}" Q\)Jb V':M;I Coene )‘ oslaiul
4[?'] (r)l.é;: J:'?.‘J‘?J) YA« :)U.SLL.A\ BE a.\.id.:\)‘ o )‘ B
e B b sy (gles ) G GIELL gl
oalanal [V 01t Olezst s o ) k0 s Eomes T
i (Salys o Jlae Sl o sla s
Aot i $ 8w ol b slaeas 50

U6 e Olexstlo Slds] oma YAS 0 5 ikl b 55lae
33 [Y] ol ST37 ¢ e slaob gl B e
el ol 03ls u,l.:l.‘u uU.Ja BL a)'L» Qj.i (‘f) Jg.ﬁ

— A@9M
4@ 9m

Frame

[0 R A A R

Lo - |- - = - |- - _|J

ez OB (6,8 13 i e 5 Ole b Db O - K

Cow D) 90

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbpsais oy T o & jaao 536 g litasd slowals )y s plgs dloj gidg) jl oslaiwl gaimlEol gu)p

et el sdin el o Sle i e A3 s
Sy Gopt) 5 @ope) Sl Gopr) 5 @opr) S\a 2l
53 o3l e doss ) el 15 sle sl slassl
Loy el ome sl malyl cpmsls Lol Jyl ol e
Gl lie ol e 5 e Ol oo () 5 (0) Ll 31 e3liz
55 b |y s d3 e o S
Kema = @opt> W1 Mema )
Ctma = Zf_opt Wimda Mima *)
W1) 5 (Wema) «Cema) «kema) «Mema) Vb Ll 53
s Sl R (gl (B g e LS
(F) Jodr 5o sl ol Jl il sl e 38 53 5 ol oS
il o e Glle o ST sle bl

Kol Cowsas

il o Slaiand sl o ST e sla bl = g

[ §s [ Eopt
o/ oY +/AAY o/ 5¥
o/ oY +/4VY v/ A}
Y oY +/48Y LVARYA
oY oY +/A0Y /AYY

plos 0L cesKoks 05 S wlis -0
@ peme VB G e B bl sk
Sl mls Sl Oy rss 4 sddelis e S
5ol o, Cib 4 ol sl eslizal ETA20en01-03
ez W35 5,585 s Olid ul glacib 68 Sk
&2 FEMA 440 byl 53 335 slas, S5 ol ool aal
Sl ) YA skl T 5T g5 Sb Jslas) € g S
LIY] Slodd S1,1(0) Jsdor 3 5 o slgniy [V ] ((eLlex
S A S s Cod bl mes L3l sk
e @l S b oslinal 550 LS ol g lss Ol
2 b el b LG Olos b Lol el ib oS s
S 28 o slgriy Ol A3k Oyt es 03l ol 35 Obes
Ol Olgea ol Lol Culs Ol ol OB Y 3 58,5 Sl

g Sl et o gl LS 55 05 94 s
(Shsd et ol Ll Ol w a5 Ll Bl
Oemed S gh o yesie Bda Ol Olgea 43UV Ol
s il (B8 K b b mul cab 8 S 1l
O b sln Il ps Skl b ol WY il
as S b s ] Coler Gl ns) YAS s skl b Gollas

05 st OB 4 o3l Jl Sl e J xS (6l s s

..,\.':‘a.)u::/ ULA‘ o)'l.w rL:
)\)_é\rf' Y a.l.;mla.& s s Se giledle gl p
RV PR WP VW P Pe v dl.m aw> 95 31 Opensees
S £3° Lws DJ:;— SVl S pohs oJ\.Zr.:E'.T
ooty ool e Sl e bl s3ledus
@ Ldm Samas 95 ol Claasin ol 3K s Sl
Jae 31 oS 55 o Uy Sl Cosipe oS Lo Jsb L 0L

)}&L;A oals u.ﬁLaJ}-\ g.LSL;a 3 gl

iz ol L3l ) glade Sliastie ¥ Jgd

e lt) Lo oslads Ol (rad/sec) .18 3
) (se0) ks
\ +/VA V/aY
Y AN Y¥/fA
SMF5 Y AR YO/AN
¥ VA¥d /Yy
0 /0¥ VYV
\ VYN f/vV
Y + /YA \Y/AO
SMF10
Y 2 /YF YY/fV
f AN Y&/IYA
o (VAR OY/\Y

Sl 03 b edd e (F) JH(OV) Ly, 5l el

IV] 555 o oslinal
Aopt = ﬁ M
3u D)

fopt = m
Topt = Aope — (0.241 + 170 — 2.64%)&, )
Eopt = Eopt + (0.13 + 0.12p + 0.4p2)&, )

—(0.01 + 0.9y + 3u?)&2

Sl e Eopr) 5 Wope) (W) el b yme Lals;y o
Sler b S sl 8 e 4 Sl p o s
A)Lﬂwlawlsjﬁbwwdbjé °'L":'{".IJ4’;;§°J>

290 9 oju ¢ liaghy 9 ale ays / A

liCalt )Ly~ pqw g Jaa (s0)lad _ p)lan g G

62101 Lol ospols 320 ilb Guuapol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

s s peldo ol 93 Oloj slacdlSiles Slasiie - £ g

e caloks Gda 0l elde s
(s)
ETA20en-01 \e /4
SMF5 ETA20en-02 \. Y
ETA20en-03 v AN
ETA20en-01 e /40
SMF10 ETA20en-02 | e
ETA20en-03 \e Vs

C,.M.S/)Ln o)jJLLQ\‘dJJ)LLJJlAA Cwl.lb:.:lod\ el o
el L FVO
@‘}; Ay 5 sddeslaal A3 slas, S5 Slasiie -0 J gl

[¥Y] r\); Obey ol

U5 slacslBuled b3 5 plie -F
Slosd 2ol o2 plss Ol Sy o Sas ) s skeg
Ll iy ool gl asoVsh sdnss ot B slaosla
Sl ot amlie e Gl e b ) @
i Sl oy sy Dapbalal Gl 8 ki
els Ol Jra) s omwions sliten o )5 Cals
S plheaBuks Jols beaBoks ol ol sl exlizul
WLl oslimal plps Oy slacalliks My oy
g 0

Sl bl s eslizal 5,5 U35 ac Syl
Gleauls Obe 5l 5 02y C gy S gl e
55 Lleks izl FEMA 695 5 FEMA 440 (sslgie
o S A5 gk wlide ol s (V) Jsdr
Sla IS5 5 e (sl 0l &1 elas Ol o s Sas
5 gealils mul ik Sk Jl=as (A) 5 (V)
a5 03y VO B /Y B3t 3 = b el i
ol o5 a3l 0L 83l Lol

sly b éwg_szw}béuu\i;um;w@-vp

@@65\(}é Saigs et OB

0 /b g ojlw illagh 9 palc gyl

Earthquake Station Duration(S)  PGA(g)
Landers Yermo, fire O /e AV
station
Loma Santa Cruz. Yq/4 JEEN
Prieta University of
California
Loma Gilroy, Gavilon Yq/4 YOS
Prieta College Phys.
Sch. Bldg
Loma Anderson Dam, Yq/5 YE
Prieta Downstream
Loma Saratoga, Aloha Yq/q Ot
Prieta Ave.
Morgan Hill Gilory#6, San Ya,/4 YAS
Ysidro
Microwave
Northridge Castaic, Old /e OV
Ridge Route

Gl G s iames el sl Sl it glaB (gl
Loplss Oy oot Gl ik Sles (7) 5 (0)
ol eals QLS o)l.w g;..sp\ uju QLA) BE CJJ& C«:Lv ;ﬂ.:k

-\:/-vdl

——s10UETA20en-01 gty

— 510 5ETA200n-02 -

—— 510 GETA20en-03 gy ich

b ol b bl Ol slacdllolis 05 S plis =0 JS&

@@&9\(}56-@)5&5‘956‘,—3

g ek
—— 10 HETA20en-01 gy i

——s10 UETA20en-02 fudiuls

—— 510 SETA20en-03 gk i

oAb ol ik bl 0L slealBuks 08 b £ K3

b Ve oV sdags i Ll

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbpsais oy T o & jaao 536 g litasd slowals )y s plgs dloj gidg) jl oslaiwl gaimlEol gu)p

mAs U5 caluld cou ol s eddelin
ok aylin [17] o o ol b Oy 5 o 5 ocalinsay
sl

7 03 e Dl ml malos () Jadr o
23 e 3l el s (1) gl 53 5 ot L,
RCW P U R SR T P S Yo

‘}Ja})ﬁ)ﬁ_jf))cz-fzj'b@u‘ﬁdﬁaw—l\ J}.\’

oyles <l Ol —sLs Ol Loy
Lo FERRWICHYS Lo 5 sdelewsey o
o OBty 58
(sec) (sec)
\ \/YY \/YY Y/A
Y YE Vaax Y/¥
¥ VYO VYY ¥

b s e L, 85 55 pm e 3l L8 Al

e e Sl (sl sl il Aglie b s
odiosliial Lgy a8 b S amd Ol o ol 5158 =kt
lie S35 51 s ol 53 Waesle Jod 5 (g3led e sl
CiS L e (el s 55 bao sl 1, e 12
o228 s WG B o srge al &S
Ll ol 5 o k) S 0 e Bl s
ol Jls 5 (iladie gl sl DLB s Bl s

sk

#ﬁ)@)sjfjécz-fijlm@uﬁmw—q JJJ’

Sl O uss Sla= Ao
fb QKAJ:::J a.LZWl:u rl.v Uas
& OB L 35 s 5
(cm) (cm)
Sl 05k o3l Yy YA/AP idla
o

S shls o3l YA YO/AY o/%
Tq=0.5s Lv Tl
Sl ghls o3l Y4 YV/YY oA
Ta=1.5s Lu T
S shls o3l Y4 YAX'® Y/Y
Ta=3.05 L o

Periad(s]
oAb el ik L s ook 0s S wlis —A K3
aib Vv oV gdas der OB (gl
sy it )5 gl sluks Slasiie -V J g

r\j) JLA) uj”ﬁ) @LZ:

b calols ok sl e
et J45 ® 435 oelde
Northridge VRV \VAREZ
Imperial V/YYY V/Av¥
Valley
SMFS Kobe /004 /ANy
Loma Prieta /OYA VAV
Chi-Chi FE V/ X0
San Fernando NARK Y/V40
Manjil MLy (AYS
Northridge AR \VAREZ
Imperial C/YYYV AVAAR
Valley
SMF10 Kobe 104 VAT
Loma Prieta V/OYA AV *
Chi-Chi VEE V/+¥0
San Fernando VY Q Y/V40
Manjil MLy (AYS
(T P -V

C3s pramen 5 Siledds Lyy oo 5l Olaabl [ shiag
& ol B pxe a3l ¢ o Al 3 s okal s @l:j
CL’ 5 ol 3lwdds Opensees Sl s [YY]
e ol @l b e e 5 st k85 s sdelss,
sl 0l aslin
Ol o Jld, 855 5o il Como 51 Oliabl g
shdalas o Sl Dok oile 63l8, slade sl
aoglie [17] el b O8N 5 a5 ool owsay
55 Jole il Coms 51 Skl ety s Lo
Sl a e o3l O ot S s 2 5 85

290 9 ojw ¢ llaghy 9 ale ayis / ¢

liCalt )Ly~ pqw g Jaa (s0)lad _ p)lan g G

610! ol 5polis Mo ilb Guuspol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

B ol olib s O a S (V) IS s
Sl SUls 5 o Slpe 05k b 2y V58 e
sl ods 1S S U cullols S e

ft(%)

it OB gl Dlab ol O ks Slas -V JSKS

L3 o gjsﬁjjwligm@@@éﬁf

Wiy Ko cos @bl e dm glaesle s
5 e ol edd o o o S s el 3leang:
bty 035 aS b Vgame cn i S 2 Sl ol
Lo O ,mns 355 3 L 5y W, A glagal
5550 A Sl 53 gl b 5 e ool Lk 3L
S ot besla s sddrlad o Sl 5l eolinal &S
GO s S Bl fals w e )5
53 358 o5l Lo 5 odday o o sme OIS oS L iy
o S bzl ileang 3l Gaa Syse
03 SaaS ol GO i S 03 SavaS oddp e
LG G L s el b elde s Ol ST
Sl s Sl (5 S B L bl o Ole L
Cose > g ekl Sl bl gl
it W5 S 2o e Sl e 3 Shee
sdday 20 Lol s Sl &5 sl el Ol e
S Wy 2a o5l ey
Sy o S8 ey kil o ST s
Losgd oo alal sl 315 St Sl o5l el
Sl b 5 S Sl S Gl ges
Al L3 o S 5 (gl s Sialan &5 53 oS
AL Ll e s ldaliy o Sle osle (ol slade
w e Conl (Sae g g AEL andls o5l Sldy s o
Sl (8 3 (Slgms (mad (doas 35 0l S8, O S
Sladlils 83 Slyme o sl 5 35 S s 22

£ /g6 9 ojlw ¢liiagh) g pale ayplis

Displacement {cm)

ab o ¥ e OB oL, A
Cov add T Sl eV e o L,
Sl el el sds Sl o U35 cualloks
lab s O a0 Slas b ool O xSl
o3l Sl b sl ST ol 3 o3le s Sl
wo o Sl Gl s e Sl Do
Cod Oley 4 Sl a2 Sle b GO
GLls 5 o Sl 05 83l (sl p w8 U35 calules

RGN oMuL)\ﬁ(Q>J§~?)J @J};‘J’:‘

o T i

\ A I =
R e

Time (s)

oS U35 uti;fm“@@z;urpo&mz—wm

et Db sl el O i slus (V) Jsd o

s Sl Sl s e Sl 05k aib iy 2V
el 0 a8 s U35 el cos

T Vs et DBl ol O i S -V g
oS P Bkl cov aib

Oe s ST G a8 Lo
(cm) ol Sy 05 S
T
SMF5-NO TMD V1 /4A oo
SMF5-TMD%1 VA /Y SV
SMF5-TMD%2 Vo /A
SMF5-TMD%3 Ty Y\/A
SMF5-TMD%4 AOO YAS

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbpsais oy T o & jaao 536 g litasd slowals )y s plgs dloj gidg) jl oslaiwl gaimlEol gu)p

08 W5 Calls Cov ojle ol it S aid

ol il el olassle LU 5 s Ll
S el s adb iy 3V et b O s welsl s
pls> by bs, ETA20en-02 o some dhylph il
Losrr Sl bl 5 o Sl Ok 0oy 4 o
sds S O7) 5 () Gl IS 53 doys K o oo

B

RGBSy

ispiacement (cm)

D

Time (s)

S o Sl Ok aiib gy 3l pl OIS -1 S

ETA20en-02 s suas ool cillolks

5o G Oley Olgeas 4BV Oley Sl 4 ax 5 L
Glp sdelsn b s Ol s b (Salus b3,
T 8B e OB s S, 5 s sblols
el ks Gl aas GG L Wb
A{Lﬁfjhﬁ-éhwd‘ﬂ o3l bl skiea; ETA20en-02
2 sl ¢ i

Time (s)

Lo Se s aib iy 65l pl OG ots VY S8
s gean sl SIS G Loy K e S
ETA20en-02

Sl e Sl Osk ol Ok Sl

et ol o L Vs B L plss Oley cales
&Jﬁ\“. L@J";‘ﬂdb"°)"’”d&‘ﬂ‘f;{}:§u}
oSl VTV oms 36 L el Olos Cdllilid S Aoy
Shas 05 Sl @0 Cd Sdoys YO il &S o

sl il gl cod S 3 Shes il
AL e

et B el o edda 28 GO kS s b
S Olg e S Uy callohd o wib my g2V
G gl 5 e ol o Sl gla el S
3 Sl bl (Sales 55 et ol
U5 S o o o3l by 3 g0 40 G e )5 Bl
ol 0l a4 5S

ORIl b 8 S Ol e el S s b
330t S e ) 3 Shes oip el o Sloe oo o
S O i ¢ Sealys Slaled,l eSOl ol 5 4l
St b ass 35 calulid Cov ojle ol 3 edda 20
Slp o 2 Sy o Coed 2,5 k000 Ll el a8
el 3 osbe B oy o QG i ST o ST
Sl LS el I s ol el aly 2alS Ao s £V
O S cdos e & o Sloms (o S
sl @l EalS sy YA/F o3l Laws 55 odldas o

et B Db aled 55 o O etS s 2 b
L oS oS Ol 08 5 calluls co by
Slib ol O il 4 s She Oadaslsl
53 Jsl Bl e O ets Jle by ol Bl alS
S o3 e o S b o Sle 2 ms o se
el 4Bl Al o3 YO e ST O el &

el U3 edda o Cld Sl (V) Jodr s aslsl o
VP e S gl wl S S s 5 oile
el ol 218 w8 W5 calluled cos aib gy

i Sl 5 el ke i Dt S V)

S U5 calBuls Cov aib iy o3V e DBl

el okl Sl o AN

(m/s?) (tonf) «\
SMF5-NO TMD 11/%0 A
SMF5-TMD%1 VYT /5
SMF5-TMD%2 Y/ Y5 /A
SMF5-TMD%3 VY4 \EZAi
SMF5-TMD%4 \Y/f4 YY/f

LASg‘L.GS/J%L(\\)J}J}))ﬁ.ﬁd}‘ﬁ@bwjjb

Lg;\bé sz OB °-"~5“r'bd T J§‘J’~" 03 Sl

2Wgd g ojlw ¢ liingfy 9 galc aypits /7“1

liCalt )Ly~ pqw g Jaa (s0)lad _ p)lan g G

62101 Lol ospols 320 ilb Guuapol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

Ui slcallubs 53 Gl 55 ol s
splss Ol iy o pan sl slac sl b o
Al L Bulid 03 5 elide § o (pizman

Lojle 5 Shae dglia ey plss O3 iy onlal
5035 Joo Ghge Gl e gl 3 O o 55 50
O ois 3355 5 o3l Ly 31 lis 350 5 S ol 03
@l B35 sgea WSl il | sk ol s
Ll s ol gl a5 GO ks 512 eelins,
IS bt e Gl el Jos Sl sbelcsy mls
Jol el s o3l ol ST o S0le () Jsder 3 2353
Bl ekt 5 come U5 gleaKuls
A1 5 S0ke (VF) o 55 5 plss Olo3 sy (oo e
5 eame U35 slaaliuks 5l Jols Olastle B 5
okt 5155 ples Olos sy (8 smme sl glac sl
sl

3 bl s o3l et Sl Sl VY st

Fgae sl slacalulis 5 Cowe U35 glac il

plos Oles s

ol sl Sk ol sl Sk

(e HJ BE) a).L»l Co rb BE) A)'L.u

A glcallubs ol gbeslluls

A S 0 U5 laly Sl S wad r
S syse st a3 o5l gl ek St SO i
4 S ETA20en-02 o sins siul ool Lawys
Ui calloks cov ole bwy sddn oo O i
el S 45
Cow b my VP e OB L, e b
03 Saslal oS i8S Ol eplss Ol Sh, il
oile Ly 3 s ol IS oot o3l 4 o Sl
Loosde dly Sops 5V b mshe 5o o pasta
sdalie (11) 5 (1) sl JS3 3 eelmse s glis
ol S sbas el o S 05 SOLSI S 355 s
ol el ol o3l 5l 3 g 4t 53 5 WO jusd LalS
A5 S VL sk 5o o sarta ol S, s s
Flas sl i, 5l AL S n glols &
Sopoty Blomy GlaJSEois 1l Lol (28
Sl 58k (V) s 53 A8 o 1y 3505 ¢ e
e U35 slaealBlid ) ol ol s o3le O ot
SIS plss by LBy e sae bl glac sl

ol sl
S ol el s o3l O i ST Sole =Y J i
F s sl gl slluls 5 come U35 gl

plos 0L By

(m/s?) (m/s?) f‘ﬁ
SMF5-NO TMD ARVEA VY/FY
SMF5-TMD%1 Vo /AY VYA
SMF5-TMD%2 Vo/vy \Y/AY
SMF5-TMD%3 Vo004 \Y/FY
SMF5-TMD%4 e VY/PE

Al Sl Al Sl
fL’ BL) ajl.w \)Kﬁﬁa-: HJ BL) ajL.n QKA}.:.:A_T

shealks e gbealiks o

S el cosle by 5 S Sike N J g
F s sdal 3 gl skl 5 Come 3 gbesiKuks

plos Oy s

(cm) 435 (em) elss oles
SMF5-NO TMD \E/YO VE/YY
SMF5-TMD%1 \O/VY VoY
SMF5-TMD%2 \o/vY \¥/+4
SMF5-TMD%3 \¥/a8 Vv
SMF5-TMD%4 VY0 AR

For S Sl p Sl (Sl

S el 4l S o3l wly

J35 slacaloks ol slacsKuks

(tonf) (tonf) plss
SMF5-NO TMD oY/« ¥ OF/YA
SMF5-TMD%1 OY/YY QV/&
SMF5-TMD%2 OV/A+ PRYARE
SMF5-TMD%3 OV/YY OF/FA
SMF5-TMD%4 [ALVAR OV/¥Y

£4/ 398 g ojlw iing)) g palc gpis

S Ol e OF) o 53 sl 518 slasl 4 4 55 L

é:‘ﬁﬁ&@.&glﬁp#;)}»]ﬁ}c}zﬂ@ﬁdjj&fd
Jeos 53 eddiaalns Sl nnd GO Sl 50S akb =y
S desp B4 mmen Ll o e Gy a8
Sys= 3 ojlw 6“&“‘1 Sy 3 a.)..&rtlaﬁi o S
G e I e el o O il
dos Se gl Ol s esas bl sboaliks
Sl IR @Lﬂ RS i Y U B 1

Ll oo ol bl Giay a3 ol o A8 O A

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbathail ¢opa ) o @ jaao 53U98 glitad lawild (bj)1 )3 plg> loj gdg) jl orlaiml caim sl cu)p

Vo 3V ras OB sl el O s STa= —V0 J g

S0 e 5 calloks Cov did

O ois ST S W
(em) ¢l ok s
o S 05k
SMF10-NO TMD YY/VE
SMF10-TMD%1 Y¥/AN Y¥
SMF10-TMD%2 Y\V/AY Anras
SMF10-TMD%3 YV/'A Yo/7
SMF10-TMD%4 14/8 f1/)

OB gl clib s O Slae- (V) K3 s

Al GLl2 5 o Sl Oy aib V0 o3V e
sl o 55158 5L b A claBuls Co e
V53 phart B el 5o sddia o GO 1ot e b
S S Ol 5 o sl po 3 calBulis Cod aib Ve
St gl 5 e el o Sl sla bl
8 Gl Lol Salen 55 5 el s
UPRENEES JUPS S I C PR PWIPTRL FRRRI A RUIG L CHER

RGP W )J.)L)J_ﬁu,w

——SMF10-NOTMD
—SMF10-TMD%1
— SMF10-TMD%2
———SMF10-TMD%3
—SMF10-TMD%4

02 04 06 08 1 12 14
Drift{%)
et Bl i ol O i Slae N S

SRIPl LS S Ol e edalsy s s b

:M;\ﬁadﬁ\éﬂa&‘eﬂrfrzﬁ@ﬁ;\ﬂ@ﬁw
SSI O i o Sealys DLl yl S dr opl 5 sl
b j.l.»l.vjﬁd.w ZJJSJ M&at&@?ﬁa)b fb BE a.l...::ﬂ\.«frj
33 s Cand 3 S s b ks als 5 i
b g odda o0 O s Sl o> S1ow Gl Ao
LS ol Jlss cpl sl 2als doss YY el s o5l

J'?SU;- ho > )[.@.9; N ;\J:A T Cand gf;“'i‘};‘

Displacement (cm)

Ui OF) 5 () Jsdr 5o e 5155 olisl & x5
2 A S lacled Sl lss Olay Jhsy 3,3l oS oS
So e gl bl B B oen 5 )5 S
ol 5l 5t adb i (6358 (et B s s e
Sl am b e s eddaale AL i 5 A S

bV VP et OB a5, -
Codakb Ve VP et ol
Cdaopmen 5 oels Ol e oKl
Sl ol s ol el bl come U35 calluks
DlEb o O a5 S ol )3 05l OSG ot5 ST
o3l Sl ly S e S 5ol s ejle Sl ST
wo s Sl Glb s e Sl Ok
sl o ey 5 e il g 2Kl
o 0l & e i V0 Bl gl a0l i
5o Sl 05 83l 5l 5L 3o U35 calliks
el ods 1S OF) S 53 o Sl sl

—— SMF10-NO TMD

—— SMF10-TMD%1
—— SMF10-TMD%2

-~ SMF10-TMD2%4
——SMF10-TMD?63

Time (s)
U5 clfules o aibo 1+ 5l ol OIS i Y IS0
340 3y
st OB gl ol O Sl (10) s s

o S GLls 5 e Sl Oy aib Ve o3V
ol ol 158 5l e A5 callulis cou

294 g ojlu ¢ ing) g Gole apis / Ve

liCalt )Ly~ pqw g Jaa (s0)lad _ p)lan g G

62101 Lol ospols 320 ilb Guuapol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

Displacment (cm)

Time (s)

S b g Sl bl ail Ve S5l ol O is —VF Yo
e s 5 Sl o Ao s Sl e
ETA20en-02

55 S Oles Olyea 56 Oloy Cbil 4 a5 L
Glp ool mli s Ol s b (Salus b3,
bV oV e OB s S i s s sl
ETA20en-02 o sme dylpd Cdlluld 51 oas 436 G
b b w4 by bt mhe gl ol SLosl ke
3y e e3lizul

o o b o S Sl o3l O ks ST
ol VA oas 3B B plss 0o Calulid G Lo ys g3
Lo Sl Ll oile OGSl (pizas ol
BEL plss Oloy Cilluled Cowd Ao Sl o S
4 S Ghoyd VIO fals &S el e SLAY/A (B
S s Ao 53 e S b o Sl e ls I
ol 03 S

LU s Sl & ol Olg e el sl
by B sy Skt mae s ol Gl eld e
o Cuws ETA20en-02 epas siulp culoks
il calulid cod o3l bw g obde 2o SO u
el 508 5L 3

Cod by Vs e OB, e b
O3 Salsl &S iSOl e cplss Obos b IR CCHER
o3l Ly 3 g ol IS st oile 4 o Sl
Loasde A3 S JVG st g 3 o paste
sdalia (17) 5 (10) slaJSs L3 sdelimsty mlss slio
Sl S shas il oz S 05 SOOI S 55 e
ol sl ol o3l L, 3 g 4zl 55 5 WO is RS
A5 S SV ol 53 o sasta il Sl 53 0 s
Alas olbmile Sk, 5l 2l e slbls &
Copon Blomy S Al Lol SRl

U1/ 3V98 g ojlw g g palc qpis

sl el Ao Yo il hug sdda oo O S
ol

e B Db bl 55 o O enS e 2 b
L aS S Ol oo 5L oy U35 ol o 4l V0
Sk el O @il @ xSl SUGLS
23 oy dib O uts Jlin sbay cconl 4Bl Zals
ol A3 e o S b o Sle s S50
el 4Bl A Ao )3 08 sy STos Osy o3l 4

3ol el o3 ebda o Okl Sl (V7)) s o
il Ve Vs et Bl b A ST s
o bl sdd (5158 sl e U35 calBols cow
03 S6lal b &S S b s cpl s b i)lS il
wih VoV e OB 4 eddehS s Sl
o Olertle &L P ommen 5 o5l ol Sld Sl
ool 4Bl S 5L b A calBols

o A s a3l ol 55 sdda 2 Sl Sl VP J g
U5 calls o aib Vo @V e S gl 4l

EE N

ol s Sl g

/)
(tonf)
SMF10-NO TMD a5 Sa/v¥
SMF10-TMD%1 afy 54
SMF10-TMD%2 vy 05 /¥5
SMF10-TMD%3 a9 o)
SMF10-TMD%4 AA £5/0

el oo il Ve oV has OB O s aals) o

Obey os, ETA20en-02 s sme sl calBobs co
5 Sas b Sl il Ol 4 sl
sl 0l IOV P) 5 (10) (sla |5 53 A5 Hlear 5 Aoy

ime (s)

S b o Sl bl aalo Ve 5l ol O s -0 S

ETA20en-02 s yuae sdyl 3 Cillulid Cos deo s 55 o o

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbatAil oy )Y 1o & Jaao (3Ugs piitad slowls bj)l > plgs gloj gbg) jl oslaiwl aiwlLol i)y

Olgee (14) 5 OA) Jsdr S5 edi 2058 el @ ax 55 b
35U a8 slacls Sl elss 0l Jaa, syl &S o
Jo e gl Slatla Bl 2 pomen 5 5SS
sl 5l g hsaab Ve ooV i OBy ks e
Sl b fle s sbdalon LU 2p 5 a5
LI W TS WA B P UK R PR (W L W PR
F e Byl G Bl 5 o U sl alks

plos Oles s,

o S Sl

.o °jL“ Lli Co U'L.r ‘ULi

d5 gleslloks

Sip S Sl

Oles slacsKuls

(tonf) (tonf) r\}:
SMF10-NO TMD FEINY \ARAA
SMF10-TMD%1 AV FAIVA
SMF10-TMD%2 IAVAR FAIYO
SMF10-TMD%3 IEVAY4 ldNA%4
SMF10-TMD%4 Fr/0V I AR

SSSle (V) Jsdr 53 aelsl 3 S o 1y 3 gad o gme
Ui sbeslluks 5l ol b 3 o3l OSGe is ST
pls Oles Jrs) (fgman bdulh Gaoalls 5 o
el 0l (55158

S Ol g o (W) Jsdr 53 e 5158 slusl @ a5 L
S U 25 Lol s Sl ples Oles b, 3500 oS
@V (et DB 3 B pe st mlan (gl 15 S S
s s sddails S0 sl Ao aib Ve
el o Glag a6

ol el s oile Sld S (:Sike OA) s 53
sl p cbesllls 5 come U35 gbeaoks
Sl o Sle (08) g 3 5 plos Ol o) 8 s
5 e 5 slacallukis 51 Jol- bl &L 5
s 18 ples Olos sy (oo seme 58 slacalBules
sl

3 ol ol s o3l OISG5> ol VY J e

F e B Sl A 5 e A5 e

plos 0L SRy

S ot -\
Sl e S35 et B 1, Shass ool 5o
o, o Sy ) S e o el i s
g bl ol oLl el Oley sy 5 et b Sles
3V et B bl Sl edslsay g3de mls o
8t Ol ey s olse il Ve s dib ey (Sia s

St e S e xS L e
03 e ddaded oa b Sl Sl eslinal s
Sy s el lgd @V Lias el
Al gl S e e e el
O ot S (ke ool o Slie @
°>l>95\)w3;jéuw@mm¢>¢¢p
Lol o Sl s Sl Bk o
sl o Slim Sl Sl SR
Lo Sl w50l Olpea ol il o5
T Vs et CU s Moy S e S
ool U Sl Ao TIO i
el 3l malS 1y Came U315 clesBoks

&fWL@J;-;lﬂASW\ Jl")J Cﬂ"

TR Sl Sl

fL’ DL ajl.w \)Kﬁﬁﬁ:
sl aluks cos

(L' 5% o3k O o5

sbesluks cos

(cm) 435 (cm) plss 0L
SMF10-NO TMD Yory Yorva
SMF10-TMD%1 YA/SY YE/
SMF10-TMD%2 YV/FY AR
SMF10-TMD%3 YW/ N
SMF10-TMDY%4 Y5/5¥ YA

3 ol ol s a3l el ST Sle —VA g
s skl 3 gl sl 5 come U35 gbeslluls

plos Oles s,

oks Sl Sl
Cod rl.v B A)'LA

43 glacalks

Sl sl Sl
Sl ‘AL BE] ajl.w

Obej lacalyls

(m/s?) (m/s?) olss
SMF10-NO TMD VoY VWY
SMF10-TMD%1 Vo /Y VA/5
SMF10-TMD%2 WYLR \VV/OY
SMF10-TMD%3 (KVAN VA/YY
SMF10-TMD%4 /97 VYO

290 9 ojlw (iing)y g ¢ole ayps / VP

liCalt )Ly~ pqw g Jaa (s0)lad _ p)lan g G

6301 Lol (spolb 3100 )l Guuopol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

Oles U'L}):Sw\;';@p’y S bl ks
5 BSOSk olie el
o b glasl s eldolal g0 slols
A5 S ) pasia St s s 1 o5l
G gade polie 31Ol bspume SO L
e aales 3l eslinad b bl .S o i
b eslitul fpeman 5 Sl e gime sdulsh
@ om D U S sl
Ay o e Sles aze B s b R o]

.als
3plss Ol ) mld pilos Do o
Sl gl SN 83 gdoen 0550 53 2550 (pizmes
(34 G35 Jie b iy oyl Loy o3 L
el I o R e e R
oo ol Sheslanad ( Sliass 5l slae)s
Sl s V5 Shas Sl L) s
5 Sl o LI ol sddo iS o
Slole 33 L el en Slwbee dupa a8

VI / 398 g ojlu ¢ i) g cole apis

Giye adb gy 63V et OB s Ao e
o elh O S el «
o3 WY Sl 4 come 35 slacslKoks
RGIO PR W

DSk GRS 53 A3l e ST 5 Slee
s slacalils cou pb O i Sl
SOW RTINS LF SR e
P S b Sl wsed Olpey
Ao /Y wwih oy 3V et OB s Ao
s slcalbils cou b O ok Slu
Sl J s el iclesly el (e
CB s Aoy 53 e e b e S
A Jals 4 Ghse kb Ve oV Sles
O X\ SRt TYUICXHER U ARG VI,
RUSW PR WA WERTR VA RSN VI

Sl & eldels o Sl 03 S8l
Sld Sl Sle el 4 e 93V 5 e
e 5 e 35 glealuks cov gl
o Olentle Bl S Sk o Sle el
el s s e U35 slacaKols

ol Lo i Sha 5l el Olo3 55 2550
53 bl b doles &5 (g ket w3 05l
FeS o3 Yo B el L YVO 2255
O (A3 e Sl el s
ol (o3l b3l 53 555 50

53 3l ol bt S Sl elss Oles hs) 350
CiS5k e b s L dolas o (gl e
oo S de,s Y BY e el L YVO
el st o Sl am U

s>l bl (o S S eles Oles hs) 550
S5k s b s b doles o (g ke e
35 5l ot o3 10 B0 e el L FVO
el st o Sl am U

ol s s ples Ol ) mld alis
et OB ey oLl s s Sl
ol eddieed o Sl ar seme oY
s Oles sy & iSOl o )y o
Lol oLl 5o SAoml Slubee &ype
SLoas s I Sl s e Slas
S a3 1y el 5l ¢ seme 2k

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn



https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oxbauil oy ) o @) jaao (53096 iitas slols bj)1)> plg> iloj gy j1 oslaiwl aiwlTol cuwyp

passive vibration control configuration for
stochastically support-excited structural systems”,
Probabilistic Engineering Mechanics. 38, pp.
156-164.

[17] Elias, S., and Djerouni, S. (2024), “Optimum tuned
mass damper inerter under near-fault pulse-like
ground motions of buildings including
soil-structure interaction”, Journal of Building
Engineering, 85, p. 108674.

[18] Sarkar, S., and Fitzgerald, B. (2024), “Design of
Tuned Mass Damper Fluid Inerter for Wind-
Induced Vibration Control of a Tall Building”,
Journal of Structural Engineering, 150(3), p.
04023242

[19] Estekanchi, H.E., Vafaei, A, and SADEGH, A.M.
(2004), "Endurance time method for seismic
analysis and design of structures", pp. 361-370.

[20] Estekanchi, H.E., Valamanesh, V., and Vafai, A.
(2007), "Application of Endurance Time method in
linear seismic analysis”, Engineering Structures,
29(10), pp. 2551- 2562.

[21] Estekanchi, H.E., Arjomandi, K., and Vafai, A.
(2008), "Estimating structural damage of steel
moment frames by Endurance Time method",
Journal of Constructional Steel Research, 64(2), pp.
145-155.

[22] Riahi, H.T., Estekanchi, H.E., and Vafai, A. (2009),
"Estimates of average inelastic deformation
demands for regular steel frames by the Endurance
Time method", pp. 388-402.

[23] Valamanesh, V. and Estekanchi, H., (2010), "A
study of endurance time method in the analysis of
elastic moment frames under three-directional
seismic loading," Asian Journal of Civil
Engineering, 11(5), 543-562.

[24] Chiniforush, A.A., Estekanchi, H., and Dolatshabhi,
KM. (2017), “Application of Endurance Time
Analysis in Seismic Evaluation of an Unreinforced
Masonry Monument”, Journal of Earthquake
Engineering, 21(2), pp. 181-202.

[25] Maleki-Amin, M.J., and Estekanchi, H. (2018),
“Damage Estimation of Steel Moment Resisting
Frames by Endurance Time Method Using
Damage-Based Target Time”, Journal of
Earthquake Engineering, 22(10), pp. 1806-1835.

[26] Tafakori, E., Pourzeynali, S., and Estekanchi, H.
(2017), “Probabilistic seismic loss estimation via
endurance time method”, Earthquake Engineering
and Engineering Vibration, 16(1), pp. 233-245.

[27] Estekanchi, H., Harati, M., and Mashayekhi, M.R.
(2018), “An investigation on the interaction of
moment-resisting frames and shear walls in RC
dual systems using endurance time method”, The
Structural Design of Tall and Special Buildings,
27(12), p.e 1489.

[28] American Society of Civil Engineers, (2010),
“Minimum design loads for buildings and other
structures”, American Society of Civil Engineers
Standard.

:8|J4
[1] Frahm, H. (1911), “Device for Damping Vibrations
of Bodies”, U.S. Patent, 989,958.

[2] Den Hartog, J.P., and Ormondroyd, ]. (1928),
“Theory of the dynamic vibration absorber”, ASME
J. Applied. Mechanics, 50(7), pp. 11-22.

[3] Den Hartog, JP. (1956), Mechanical Vibrations. 4th
Edition. McGraw-Hill. New York.

[4] Warburton, G.B. (1982), “Optimum absorber
parameters for various combinations of response
and  excitation  parameters”, Earthquake
Engineering and Structural Dynamics, 10(3), pp.
381-401.

[5] Ayorinde, E.O., and Warburton, G.B. (1980),
“Minimizing structural vibrations with absorbers”,
Earthquake Engineering and Structural Dynamics,
8(3), pp- 219-236.

[6] Leung, AY.T. and Zhang, H. (2009), “Particle
swarm optimization of tuned mass dampers”,
Engineering Structures, 31(3), pp. 715-728.

[7] Salvi, ]., and Rizzi, E. (2011), “Minimax optimization
of Tuned Mass Dampers under seismic excitation”,
In EURODYN: 8th International Conference on
Structural Dynamics, Leuven, Belgium, 4-6 July, pp.
1892-1899.

[8] Bakre, S.V. and Jangid, RS. (2007), “Optimum
parameters of tuned mass damper for damped
main system”, Structural Control and Health
Monitoring,14(3), pp. 448-470.

[9] Sadek, F., Mohraz, B, Taylor, AW., and Chung, R.M.
(1997), “A method of estimating the parameters of
tuned mass dampers for seismic applications”,
Earthquake Engineering and Structural Dynamics,
26(6), pp. 617-636.

[10] Rana, R, and Soong, T.T. (1998), “Parametric
study and simplified design of tuned mass
dampers”, Engineering Structures, 20(3), pp.
193-204.

[11] Moutinho, C. (2012), “An alternative methodology
for designing tuned mass dampers to reduce
seismic vibrations in building structures”,
Earthquake Engineering and Structural Dynamics,
41(14), pp. 2059-2073.

[12] Ridinger, F. (2006), “Optimal vibration absorber
with nonlinear viscous power law damping and
white noise excitation”, Journal of Engineering
Mechanics, 132(1), pp. 46-53.

[13] Li, C, and Zhu, B. (2006), “Estimating double
tuned mass dampers for structures underground
acceleration using a novel optimum criterion”,
Journal of Sound and Vibration. 298(1-2), pp.
280-297.

[14] Hoang, N., and Warnitchai, P. (2005), “Design of
multiple tuned mass dampers by using a numerical
optimizer”, Earthquake Engineering and Structural
Dynamics, 34(2), pp. 125-144.

[15] Leung, AY.T., and Zhang, H. (2009), “Particle
swarm optimization of tuned mass dampers”,
Engineering Structures, 31(3), 715-728.

[16] Marian, L., and Giaralis, A. (2014), “Optimal design
of a novel tuned mass damper inerter (TMDI)

2Wgd g ojw (ilingly g Gale aypis / ViC

lICel) Loy - pgu 9 a2 (s0)lath - p)la g (v

63101 Lol (5ol 200 3l Guuopol


https://journalisss.ir/article-1-527-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

V0 /398 g ojlw ¢ i) g cole apis

e i Gomn Olet b o Do s 5 5 st 3 [Y4]
Solis OFAA) letle o ossls slasb Ol Olantle e
Ol 3l g 5 S
TA e skl = 35 ol s bolastle b asl ol [Y0]
(e 5 Olentle Dl S e esler (Rl s (74T

Sl 5 S 5l

Sl 5 b ns s OF41) 0l DLzl e e 1]
B U.i.wd \LJ}LM sd)LAJ@J E) ab &)U) Ld;y}é 6LQQLA2>L.4
""“J‘i‘ Olale

[32] FEMA-440 (2005), “Improvement of Nonlinear
Static Seismic Procedures, ATC-55 Draft”,
Washington.

[33] Wong. KK, (2008), “Seismic Energy Dissipation of
Inelastic Structures with Tuned Mass Dampers”,
Journal of Engineering Mechanics, 134 (2), pp.
163-172.

lICai )Ly _ pgw g (Jaa (s0)laid _ p)lan g (v Jn


https://journalisss.ir/article-1-527-fa.html
http://www.tcpdf.org

