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The effect of different methods of determining the stiffness of stories on seismic
performance of steel structures controlled by viscous dampers

M. Fahimi Farzam, T. Dehghan Kalajahi, A. Soltani
Abstract

Passive control systems have always been used in civil structures due to the lack of external energy source, low cost,
easy installation and simple design. The fluid viscous damper is one of the most advanced passive control devices that
dissipate the energy input to the structure by converting mechanical energy into heat. In conventional viscous
damping design methods, the required damping required to be provided by viscous dampers in the structure depends
on the stiffness of the structure. In this paper, in order to distribute the viscous damping at the height of the building,
the distribution method is used in proportion to the inter-story drift proportional distribution determined on the
basis of the first mode deformations and five different methods for determining the stiffness of the stories are used to
calculate the total damping. Finally, of the five methods, the one in which the responses of the controlled building to
the viscous damper are more in line with the design goal would be the preferred method. Also, in order to evaluate the
design cost to choose the appropriate method, a comparison has been made based on the total damping required (as a
cost criterion) to achieve the desired design goal. The studied structures are 3, 9 and 20 story benchmark buildings of
SAC project. In order to analyze the time history of buildings, four benchmark near field records with the effect of
Fling Step and four benchmark field far records have been used. The results show the different effects of different
methods of calculating the stiffness of floors in accordance with the design goal and therefore it is necessary to choose
the appropriate stiffness method from different methods to determine the desired design goal.

Keywords
Fluid viscous dampers, IDPD distribution method, Design cost, SAC buildings, Time history analysis

V97 3 g ojw (Aiinghy g Golc eyl

licel il - addui g ¢ (50)laud ~ pg’ g Cuy (Juw


http://journalisss.ir/
http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

- (53V90 (logloblw sloj) yTlac py Oldgh (aw Guss wlido glogh) P36

bl LS Sl 2l 6,0 sl GBS e s LB
e dbml Osd el Sl S R OGS
G Sl 2l om0 O e Slosar 53 @l
IF] el 3l 3 28 b6
23 3585 sl Sl e Sl eslinal ey 55 (ol Sladlas
ol b il e s se 3 Slasl 53 e slasil
& e 4ib Y4 0Lt K ey & Olp e Sl
55 olal s 5 Duflot buys Sy b S
Fob o3 Shoys YO Jals edadilis () ol b
oy Wb yo & Oy ke phay oS 35 o L G Ces Ol
L sy sl Sl }é_?;ﬁvwxi;- ¢ Zhang [i] <ol
4oy ool L8 adlae 5y 5L 31 AU ALl el g
Lo] dwy Olasle VL s Clis guwmys £Y/E s
sl e mis s s LI ol Kes 5 Hwang
Rl G p Gl s v welgdn GO E
2 355 Sl e ol mis A sl
[V atls  sday 53 O s gl b

s E 5 33 S5 adlas s LK 5 Xing
Slos ) slagaly J s ke 1) 551 S o5k Ll
313 Ol s .05 S ey 2 a4 b [l Ol le SO
ol (g5 M1 553 Llge e 53 5l &S olCa oS
glos ) 3 Skes "OVD o Me 4 "OBRB 3| S5 oy el
Ol bss b sler s Sy ple b aslie o 1) s 5
L YeYe Jle s Matsagar 5 Roy cpeomes [V] ol o3l
@ e ($3Y 58 glaslatle go) p ok L SIS ) 2
(ol Gl S SalVI Sy 5 35Sy le S
5 bl 5 S D Lol (e ) glamaly 5ol
6w ol il s S anlie odis 5 ol J x5 glacl>
5l s Gl e e 8y Jlel 5 osle Joe ol Ll S
ol el ke oale JWb e J8S e (b
Al OBl i b s e JA] s S 65l baesle
Osdk 5 L1 b Bl gllge s Shils oales a5 1
s s o3 sy S cow K s ST
Sekakilis G 5l Jols mld sl I3 e 5,5
shls ol 5 Sl pwd Sy 3 o T Jals
5053 i by Cod Sl Osk osle 4 il Sl
L8] 550 oo 05 Sbadd s o (sl ;5 V0 blae JalS

ssben 555y Sl 208 oy p el Slallas
Slp S Sl odny Obr w35 51 B0 Slals,l J S

adae —)

(Selos olals,l ol s bejle 5l Cbla b
s @A Wl s, &S ool s ook sl
wile JaS aulp Koo it e Wol 5l (S Jus e
S5 g e Sl e Jolge 4 (J RS s 3 Slae
e w3l ) ol sla S (L L d35)
5 el ol ot o 5l 5 il glade 3 b
obge WS el 3l (Siey SRSt b
b ol 058 g a ) Jlb b sl ST ST O ee
() (Cs o a5 anly Gla S10) Jold oS (il 03,5 sk
o S1,m0) 5 TSNSy S e (1) lo 558y ST s
) SOt S ghuylge Sl ) (S 3 o
il [V Dpmess Sl ) 5 Sl S
Wl g S8 slbaslpl Sl Jld s J S bt
oalital s slash 5 Waes ) ey SIS 51 AL (655
o oA e el 53 SO g 5 S e
5 Jby IS e by (6350 O aulE
JAS e S oSS Gillae el ot ) (1) S
le muly b les b G55 e w5 O Jd e
Sl b S S w0 1 o3l g3505 @55 wld S
IYT ans e (2 1 o5l ks lnlg 5 S o

Heat

t

Energy dissipaters

»

Wind

Input
excitation

WW » Z
Structure

Earthquake
Al e J S Sl Lol =) JS...

» Reduced
Response

W

Il s (33 BT glaslnl 5l mle 558 sla S e

oslitul bassle (gloy ) bl Cgm 03 28 j5b 4 oS Lixes
ol ot g nle 5 (8015 (b a5k 4 s
o 2050 e sgb 4 s s Sl b s b S
o 558s b Sl e 5l eslinad o3 0l sl a2 S 15
S Ge b 5l gles ) s Sas (21531 Sl Ogzan 2LI5

290 9 ojlw (iling)) g palc Qi /Ne

IiCol GUunl - i g ( (50)laid - pg3 9 Cuuy


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

(U AL SKsssae b5 59 sde b)) iliee Olasia b
S Lg)LATCJ)j..pqb‘ﬁﬂfaﬂoéu:w\éjb’lw&ﬁiﬁ@?
S50 bojle =l Olib e dle g, Ol

sls L5 sl
3 sadllas g i Y

o o3 sLeile prwioe VY

2 Slele OB (fays opl 53 andllas 5550 laosle
@ s Gl dl e S ofsp aib Y 54T Gl
UbSas 5 Ohtori dlis &, Sdke sl LIS Slasts
@B o e U O) dodr L3 D] 558 g
SIS VES TN -ER G S WA zE s sl PPN
el o € (VAT Van sl W3l slacled

s 5 andlas ol pb lagenly o VA o5 dlie - Jad>
[\1] =, Kes 5 Ohtori

el e
BWSH
Se | | e [ e | e
ol 1]
VA o/+Q) /04 (m) sl
Y Wan% +/0Y0 +/OYV (Mms) cs
V/Ae g/00t Y/4¥ (ms?) ol
Ve JAAA A m) bl
4 L/eY VY VaY-h (ms) Ce
0/A Y/Vo Y/04 (ms?) ol
&V AN Ve m) bl
Yo %% /EVE 0/80) (ms) Ce
AN V/AYY V/AY (ms?) ks

6‘.&})_’5) wL:;l.d 3 NLE.G DJ‘,«O dbOLoJ:'-LA —Y—Y

D] S 655 aid Yo 58 0 Gladlastle Jiags ool 3
JAS 5 Sl bodd IS Sl s log s b ol U
adllas 5,50 (Gda olow) doys Yoo S5 olos Lol
¢lp D gy S SAC 218 b alas S 13 bl
550N S sk ey el el ORI las lalle L
w25, 5l b b e ¥ aS el ealatal [l o3 e
sy, Jold sy s ol Bl e psine sl S b

Q‘l\ Olasiin .L.ZLv‘.;d BEE aj)})&uj.; JJ\L&JJ.: o) 4>

N/ 3ga g ojw (iltagh g ale aypis

e g SV (pl @ Ol padpe Dbl oS o)
V)Y 57 sa

dols il s aadjf5 1400 Jlu 3l Beniof ki b 3las
i bl gy 53 4 db S b (Sl ol
2 S pbadly S 5b 4 Ldd e g i 5 S0
Gy s o &) S 5l kS Ve Sl reS alsls
Sk Vo 5l i ddols s aS Slad s 5 SKosyoj s
DYT s sl 5 i gladjly (s o 55 oS
wdils sl 5l e Hudson L Wbl 0 oeens
Vsl LS s 08T LA AL O gen
DT s ke L s sl beS Sonp sl (VAVY)
T 0880 T L el sl Sl e s
S 4 0880) s 2 5 (1840) Tas (1448)
Sso 2 Ol e Sl 5 Sspoaspm gbdds
Dol ad sy o See slassle

I 555ms sla Sl (Hb 3 Ses) p addlas nl 5
S s olib ol s il gl oS il el el
S bl gl s il la iy e OB
Gl Sy wods b Sl s Slas o is, onl
355s sl P el S 8 e e
b obze 3 5) "IDPD 35 Sy dwolesle gl s
S 4 (o) e b [ ons bl glaib e s
G e Sl il Omd e s Sl 0ld B S
53 s bl ool ead eslinad Slib e cpend il
Sl e et il Glaiss 0 A e glaiy
Vsl 31 Jrass ool 45 (6o)lse Al dal e atls
rlete 558y Sl 3 Ses vy ape) 53 e &)
FUl 53 S55ms 2lme mis sk (1) Sl ASle A8
Cgr 9 Sl 0l o3 LIS 4 IDPD &IF S Ole=ls
e e e s g Ol ST IS ale el
o lb e &S e i, b ol ol esliad Slib
2SR b Sl s 208 patie AS e el e
armle oy Sl 3 bl sk aalllas cpl s (Y)
P sSes Sl sl oS ool e
WS Olatle g am Sl s pliyl b bkl
ol Sl (7).l s slinal jlire a0 iy 5 Lo g2
5 Glae Sl mul e aty e 5 Shes L3
38 es Lo ste 55 Shes (n e S ore S5 0 S (bl
5555 A () (ol ol oy s el 5,555 sk IS 55 S0

NCol GUunl - i g ( (50)laid - pgd 9 Cuuy

Klalw ¢le g (alolf (o> ojolb pljjd ased )bjlo


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

- (53V90 (logloblw sloj) yTlac py Oldgh (aw Guss wlido glogh) P36

Sy SH Gramen ddl o U S ool GLls 5 e
S S Sl s i glas, S, 5 LA B0 el
Vo500 Olatla g5 A a Gl oy b JS8 s e

el 0l ey (V) S5 )5 4kl

Joder pl a5 Lcodd ol SLE(Y) Jadr s bas, S,
e (PGA) Cld anin (Mw) K5 L3 51 Sledbl
Rrup) conSs amiwr U alols o 56055 ol om0 bad 33
oo o) s C}j)\it\ osled glas, oS, sl ol L1

JS 5l 53 5 Son g s glas, S5 Slasiie =Y g

PGA Rrup >
@ (km) A3 add e oo Mw J44; Ju ol
oYY L/AY EW Yarimca(YPT) \4? Kocaeli 1444 )
v/EE AN NS TCUO052 v Chi-Chi 1444 Y
/0 AR EW TCU068 v/ Chi-Chi 1444 v
+/04 VY7 EW TCU074 \7a Chi-Chi 1444 ¢
A AQ/TA ARR Taft A Kern County \qoY 0
YV Ve/to YYo Calexico Vo Imperial Valley ARAA 1
VAR VV/EY v Presidio \z Loma Perieta 14A4 v
AR YY/8) 4ar Century CCC h'%% Northridge Va4 A
Olle 8 e ol r)'Y BV S JW AT 5r = Spectrum of ASCE 7-10
ool s S i sl sy ol 3 255 s 1 coeerumotrecoras
G0 g ) S Sl b p Ol il s 2
s g el el eslizul Slib e avlos il 5 1k
555 s Gl Sl Lo S Olele slagealy OF 3 oS g :
Sy Al andls doys Yo G gl b s nie Gl % 3
53 Db e s Glaiss 2 53 s dal sl i 21 ]
.MM\)}Q)‘J@J}J&J&M g’_ 5
I
oo Be=OXToxK M 5|
s N _
s G i wE s £l sl 3 N

ol a8 b s dons Vo) Chda ole Sl (ol e
Sl 5w K 5Ty dibe ol 51 ol Cans 5 (ol
Ll or o3l e 5 sl e s
oY 55Ss Sl Vs s e b e
@ Odsy Glp s ol il oY IS ol e Jlde
4 (Lo Vroadlae ol js Gas plhe) b Cua
G gt sl xS PO s el 5o
355 Sl degr Ak w03 s Jd Dle s e
oskea ol o By, 31 LSS dsl e IS G, ol
23 O.“.\ B .L.,,L.u,a Ole= L CLAJJI 3 dug u‘_"ﬂ"’ @)')J
@5 ol ele b sl Clib e L Cer
Jsl de Sla S ons olol  laddb ot ps b el

Period (s)

cib s ols 4 sl slacib ASCE7-10 - b il —Y K2

X slaesle sl o obie lad 5 S0l el
Sl ail Y 54

iy B 9 S5y LSl b Y
-t s - ~l,,.
55ty 0 e b 1Y

Bl = s e il Sl 558 g Sl s
e M.b..rb kﬁl B [\\/] Sl okl ealanal ((\) ALJ\))

2gd g ojlw ¢ lingfy g cale i /NP

liCel (Uil - adiuib g ¢ (s0)lou ~ pgd g Cuy (Juw



http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

Sy aib e S e pn g0 5 (OB B gl s olib
PG S Sl ke Sk e 5 550 e sl L
33 gp alos 4kl OF O o5 4 4ib

@ik G s o sl bo5d By onl 03 ey s
Sy b O Ol i @ 58 S 3l 4ib a e
2O e e sl s s S 4 e
L7 ] 555 00 Jlasl aid OF Sl i gsew S

osb a Ol gbaolarle Slib e s S
b ¥ glatle GBS s Gl 5l w8 e ses
SV IS 5o HSde s iy 2w s SSld e
Al e gl Sy 4 e el S Al el
Gib 3l s el a8 ol S e s Oletle 4
Jelo walsl 53 5 wsde wis gl 53 IDPD iy,
plonil e gla b 3 Sas s gl Sl 4z B

RSty
P
— -
~
3
3
8
a7 7
K1 K2 K3
P
—
:;i P
S
% P
8
K1 K2 K3
P/2
N >
o~ P/4
3
% P/6
8
~
3
b
b
8
v
3
3 P
8 -
a7
K1

b ¥ plentle QB s Gl Ok s e -t SO

S G 9y 0 4

o5le glagwly Jow -2
il 3o ol ol Gllas Ol 5 bl lagaly
Ol s b el ol sk ol 4B S 1S

N0/ 398 g ojlw (,fiagfy g Gale i

[VAT 554 e s3lied (IDPD)
s g el T e s a4y S 4 gle Sl
bl ol w8 S gl S1e sue Y aib a3 5 eny
Sl o R LS s e 5 a5l
ol 1 (1) S s Koo slne 4ib Yo 5 ¥ Slasle

L, .

LgLAQL«;&Lﬂ);)'Nij\ﬂL;ﬁf)lJEﬂlj—\”JS.:
Jrs slaolesle aids Yo 54 ¥

Sl by Olab (B ale sla By, Y-
S 55 bl aa= b Tena-Colunga Y+\V Jl. s
sbaisy [NA] Aabe Jolos Sl 5l ke oo Gl
sy ol Ok e S Sl 5 8
lwbe Gla sy (Bme s ags 5l s opl o S A
3 g 6 gy Ol s i dmalr 3 3 50 0 s e

Sl el o Sew o S G Gl 0s sl G
@il ol Slasiin 53 (& mid Sl Osdy 5 odd Jles!
O O & il o B s Sl o5l DD s
LT e Cs il

kb s S a8 S el 3 e A
Slastle 53 (st bl Oy 5 ol Jlesl e 50
woadb a0 Cad Sl ole Slib e il Lol
A e ey 4l O OS5

Ller Moo m55 b plasyd o rl 03 e SR
23 G bl O 5 ol Jlesl bl 4 5 (950
G g e b e el ol lasis
Al e s i O O s

5 U ok Bl ol s ol oo el G
bl G 5 e o84S 5 b ) edd il Sl

licel il - addui g ¢ (50)laud ~ pg’ g Cuy (Juw

Halw (le g (olols §lans oplb plj)s (aled bjlo


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

- (53V90 (logloblw sloj) yTlac py Oldgh (aw Guss wlido glogh) P36

Sllal & e &S s end gy addlas ol s o
Doy s (Aopd Yo Gaa aliwe) s b L6 niy
(b Gl sk @l s el ke
o Sre Olge ) L asse S ol e i lalae
el s plonil B 55 50 (b a4 Oy sl (D 2S
sl glaal o) 5wl polis (M) U (0) Gla S5 5o
Al de o Sose wadb Ve 54 Gladlasle Okl
Sla s Gl gl Dlmds Cud gl s 4ol 0
5 () Jod 5 01 2l Ll ool ot iyl i 4 Olentl

el sz & (V) 5 (4) S

Displacement

-
{2

. K2
B

S

STeTATOTOTOTOTs

HHAX,

&

Near
(Fling Step)

(Response) passive controlled
(Response) inherent damping

oIt
Rk
R
B
g
[
5
1
1.25 Near (FS) Par
1 Maximum of Response: 2224 [EEHA
Norm of Response : s NN
0.75
0.5 ! 7
0.25 I % g
0 | KAK.

Norm Max

Norm Max

Mean (Response) passive controlled

dib JS 5o (bl S) pasie muly K Sl
E 0 oSl G o5 ks Al el iy
ww‘)f‘)éﬂ\sbui‘)‘ML@JL&‘J)}S)Q}J&)@
o}>=':)" fﬁb‘}}ﬁdﬂ}j}a’b%cﬂgwgek
Q)\JJ S g.i.inJ QLa) Ode djjo BL) ;‘ﬁﬁ :J,.ila&
ui’b oA J‘)Ja..ndq el ol ealail :J.il‘;& ua}u
Qufb@sww,;_a;suu:w@jl‘ou,}a&w&fj
ks oslinad IDPD 25, 31 aslinl L badlaztle sl s

[Total Damping : 11.42 (MN.s/m) |

1.152

1.25
1

1116 1.124

0.75
0.5 ki
0.25
0 |
[Total Damping : 14.31 (MN.5/m)|
1'2?' 1016 1.02 1024 1015

4

- 16.06 (MN.s/m)|

1l 0967 097

(Rcslmnse) inherent damping

[Total Damping - 45.52 (MN s/m)|

1 Near (FS) Far

075 |
0618 (56 L

0.5 | k4
0.25| ;
ol | £X2521

|Total Damping : 19.23 (MN.s/m) |

1.25
I 08 088 0.876 0.884
0.75}

0.5} kS

0 | ]
Norm Max Norm Max

o,\.;JJ;.Sq,Jb,;@vawuw@b@gv,%mﬁpwﬁw—oJS,:

M)JY' L;\J&_‘ﬂba.,\&djzs‘u;lﬁnb

2Wgd g ojw (ilingfy g cole ap /N

Il (Ul - puuth g (W (so)lath - pgd g Cuuyy (lw


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

Loy Olge 4 me pds (A3l o VA 5 0/0TN 0 /AY /Y
Vool slagab Lla oy cpl o3 maly slie (e SN
SEET T AVEL » 2lp oo & S g A 03 el
Cod o alie ol wlie OHse 4 el e Ao s VY
Loss WA 5 AT XA 00 AVE Lss e slas, S,
BLkail (o Gend 093 sy 25de odalie S il
OSle b oalaly sl axils Aoy Gda ol L og mi
23l Ol ity S LB U5 o 58 bl ol e
S5 A S s s i S, g s A s Gl
Aoss s slie ol 4 (ol 0350 VNV TS L il
s ey 4 e s il VA5 VE (slacidlasl

A e ad la S

Acceleration

1.25
=
'
b3
0.75 (<
&
0.5 .:
03
0.25 :‘
%
0 b
125
! i
0.75 2 o*letletl
0.5 £ [oq e 1A
ZZ b LAl
0.25 ZIZ| %1% %%
IZ|Z
0 | ¥al% 1Yl
N
125 — Far

(Fli ng Step

<

(Response) passive controlled
(Response) inherent damping

Near (FS)  Far
Maximum of Response : A
Norm of Response  : s NN

075 Z
L,
0.5 :

025
0
125
| Z
0.75 g g ‘
Z\Z
05 a ?
Zi |
0.25 Z g ‘
0 27
Norm Max Norm Max

_5‘;"9:“« le.h)‘:}o.v VJB BL) Lhcwl.l J,.pl.ia Lﬁ“}g.‘l LJ'L‘ DL

05 Sl Sl ek U8 Rl ol Do 4
6&&) Llell u:‘)‘jf Loy Yo L;\J &‘J:Al;.o.l,j: JJ'I.S
5 S 5L sl mls Sl oS5 e S s
'cwlia,_,;ﬁﬂ;uﬁ (5 e, 5 aila 6LAJJL.}LA'CA¢
ezt gl ¢ bsn (0) UK i et 058 s IS
ol ity Sl JKE ol 4 ey b il b T
O SR e 0 S eism eSSl ces ol
ONTE slie b ply o f 4 (0 ) Bs)) olidb e

(Total Damping : 11.42 (MN.s/m)|

1.25¢

L L L1205

Z

0.75
05 7~ ki
0.25

0 ZZ I

Toral Damping : 14.31 (MN.s/m))

1.25¢

1 1.01 193 I 0.96

[Total Damping : 16.06 (MN s/m)]

1t 097

0.95

k3

(RcSponse) inherent damping

(Toral Damping : 45.52 (MN.s/m))

Mean (RCSPOHSC) passive controlled

Near (FS) Far

075t 0.71 0.73 0.67 0.73

-

(Total Damping : 19.23 (MN.s/m))

0.91 088 (.86

Norm Max

gudjzsat;-)_»@vdwugu'@gﬁ,%wﬁpwﬂ;uﬁ—wJs.:

Ao Yo G e bedd IS 4 Sl

N0/ Y98 g ojw (iioghh g Gale aypil

liCol il - pdduid g (,w (50)lod - pgd g Cruy

Klalw ¢le g (alolf (o> ojolb pljjd ased )bjlo


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

o O palie 5 035 gy Ay 4 bsse SU Ol
LRI A P A O I IS TS PE ISP
S palie pl dagealy o el B Sl e Sk
Voolae b ply Seap s sss eim sbeaysS) ps s
N eI JR I PC o WP VRS VA
il bbb 2l b (soa Ve e Gl L8 bl

- (53V90 (logloblw sloj) yTlac py Oldgh (aw Guss wlido glogh) P36

35-
3
25
2
15 2 .
Z I~
I 2z
0.5 2%
0 ZIZIZ, |
3.5
3
25
2
1.5 =
1
0.5 ’
0 % |
3.5
3k N
A ear
2.5+ e Far
b (Fling Step)
1.5

MW

<EEEE 7 MM

5

3 Near (FS) Far
sl | Maximum of Response: EZZ22  BOOH
2 Norm of Response  : EEad (NN
5

1

S

0

(Response) passive controlled
(Response) inherent damping

%3
2.5¢
2;
1.5+
1 7= . A P
ST W
0 '
Norm Max Norm Max

i oo Shee ety sl () S 4 s L

05 ool il gl 38 O Ol 5 ezl
B N Y S B S ]
Rl 5 ab o VoY 5 ) ol b 2l S5 4 s e 0
3pre ORI Ll sl iy B Lol b bl
wib & Olatle b b el 3 s pss s, 3 0/4

A bl el ity S0ke 5 Slas 2l LS|

Displacement | 1 5 [Toral Damping - 95.33 (MN.s/m)|

2.46
1.74 k1

(Total Damping : 112.33 (MN.s/m)]

k2

461,23 (MN.s/m)|

k3

(Res')onse) inherent damping

Mean (Respouse) passive controlled

1: Total Damping : 2587.44 (MN.s/n|
25
24
L5 k4
1+ 073 0.79
0.5 Z
0 % |
3.5 Total Damping : 618.18 (MN.s/m))
3
Z5
2
1»]5 1.03 1.03 104 105
£z =
i L
Norm Max Norm Max

ol J 28 Sy aib Yo owu&@b@grfj%ﬁpwﬁauﬁ—vﬁ

M)JY' L;\J&_‘ﬂba.,\&djzs‘u;lﬁnb

B ! 03 4 r)l.é;_- u:aj)); v /90 L?.:L@.l‘)d‘j‘ U;JJ); \/v0
sl s 5l b 4 ol 5 US bl
e ey bl mul pp s ade Ske 3 Slas

AM&JM&‘J:JL&?)WQTL]@‘MNW&

05 wein 5SSk 3 Shes asls o b oaaly o
s, 5S5 s Bl Ol o it caib & Olaztle Clet

woler S 03 AT slie bl S5 a Sess e

Lrl o s i s, S5 53 5 e s 03 0/A0

2gd g ojlw ¢ lfingfy g pale s /N>

Il (Ul - puuth g (W (so)lath - pgd g Cuuyy (lw


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

Sl ol b ot sl Sl 4 018 o 55506 (60 Ses

5033 i S, S, Lol e s ey s 0

5 iy 5Ske) Kos s Sles patla s 5l Sy wol
okins Ls"l" Qj’}) “ Q\j-'"L;“-’ (OlessL g:,vL’;i C,,.,li rj_,
>J£L“‘p f)Lé—’: ;):'J) ‘_{\S Cose A C».ﬂf dlj:d Lol ‘3;

S5 elal Kosy }(V)dut}@@@jl{.:)l:ﬁéui))i4.3@.,.,..3(5).:@3
355 . 5 == = :
3 N 3’; Iloml Damping : 95.33 (MN .\'.’m)J
15 235 227 2.07 k1
2 2 1.3 2 1.57
1.5 Z N7 | L5 5
I 7 "y i B
z ~ !
0.5 % 0.5
0 Z L] 0 l
35 3.5
3 3 [Total Damping : 112.33 (MN.s/m))
25 2.5¢ 2.09 =
2. 3
1.5 E - 15 L
1 Z I
0.5 0.5 1
0 0 — !
a | =
3, 5 HE
2| =& 3 =| B 35 - 7
g E : gl d 75 [ Total Damping : 461.23 (MN.s/mi |
8| T 45 Moy Far 3l % e
£ .g 135 (Fli ng Step) ‘;_‘ g 25 Near (FS) Far
2 2 2 52 2 k3
K Sls S0 107 107 1.05
£l ) 1t § 2 1 v - o (.81
ElE o5 2 Z S1E os
5 u;T 0 S| Z 0
2|2 S8
3.5 Near (FS)  Far g 35 g — —
3l | Maximum of Response: 2223 X540 5 3 |Total Damping : 2587 44 (MN.s/m)]
2.5 Norm of Response I- - 25
2 2 ;
15 150 128 133 135 145 k4
1 1
0.5 0.5 >
0 0

%]

[

S = AN n Wi

= N
W

Norm M

Norm Max

3.5- Total Damping : 618.18 (MN.s/m)
3t
2.5
2,
1.5+ k5
b 10 099 (83
05
0
Norm Max Norm Max

ol 05 S s aib Ve Olontle it el o5 5 ity o S0be Sd ol A IS

Ao Ve G5 e Lol S w S1pe b

Aoyt 50 Gl do s Ul @ 55 4 Ol
Cod Aoy V5 W Savp e glas, S, o
2,5 el ey Ghy bl s e las) S,
sdal Cwds S ol eslie (A) B (0) sla Ko 5o
ol il ol €] 35 e S iy 0,8 S
(O G\ Losy) Lias 0 ,a s aib ¥ olasle s
VA/YY 5 £0/0Y AV AN AVEY Ly S5 a

N7 36 g ojlw (tiing]y g (ol aypls

b5 5 e 5l SO Al Ol (V) IS

3355 gl Sl boedd I8 Olatle o 55 ol
iy s, sSs Eod doys Yo G b b Olatle
3y P 00 e YR bl s 0 8 50 05
P 0Ll S s i slas) S, e
235 ale Sose a4 Ll e ey 53 Ao T
o oobele Sl maly oS anty sy 3 (A S

liCol il - pdduid g (,w (50)lod - pgd g Cruy

Klalw ¢le g (alolf (o> ojolb pljjd ased )bjlo


http://journalisss.ir/article-1-429-fa.html

oy poler oo w b e e s ) P e
L;:ma:.«_?jl‘ap U;;)&;ill{@vou;;uﬁ sl
e VAL iy ol 5 Iy ecead axsls 1 Bl o g
LG R Jl Doy A S u‘i‘ﬁ‘“ e e adl

cJ\JL.: ol 42.5;}]&3): f‘j]a [EERV MUL@"A‘SL;;)}"

4 bse e D Sl e Gl S
o ol Sras 4 b OF ke o i 5 Jsl 2o
33 5 eslisl oS el S5 0LLE romes L e e
b e S e b S ol 5 JSl A
EaLiss i 53 Lsde GLIS alibbous 5 0L diblous

- (53V90 (logloblw sloj) yTlac py Oldgh (aw Guss wlido glogh) P36

A2l b hy LIS o p g e 3 033 B0 by gl e xeS Ol w8 53y 35

b Yo 58 gladlale o3 Ao Yo SI3 ol bodd J a8 @ S|oe bodd J xS Sl 3 gl o5 5 i nKbe slis =¥ J gk

o ol (Sl et S
. cT
LA | (MNsim) o £/ ] 7
o3l FS Far FS Far FS Far FS Far
K1 VV/EY VAYS VTS VAR \/Yoy V1) \/ve V1 VY
K2 Y8/ VY V/+\o Ve \/e Y V/ey LR Vo) \
¥ K3 IRVZR AV A7) LAY ATy /A /A /Ay /a0
K4 g0/0Y ./0 ‘/ov A .ot VY VY VA YAl
K5 \Q/YY AA CIAAS “/AQ AV /a0 oA /A0 AA
K1 $4/0 \/EY V/oY V/04 \/OA VYE \/ve V/EA il
K2 08/AY \/g Ve V/oo V/os VYE \/Yo \/g0 VYo
q K3 VEV/0A \ Vet \ \ A A /40 JAQ
K4 OVY/YY ./00 Ay '/0 ./0Y JAY VY s /40
K5 WA /AN /40 VA /a) JAY VA VAA AY
K1 Qo/rY V/os Ve Y/0Y v/81 VY \/ov Y/YY AT
K2 VWYY V/0) VA /¥ /Y VA V8 v/4 V/ay
T K3 £ /YT VY VAY VAA /T VY s VY Vo
Ka YOAY VA Y VY Wi VYY V/so \/YA VYo
K5 WANA V/y Ve Vy Vet V/ve AY V/ee +/44

[ Downloaded from journalisss.ir on 2025-08-30 ]

B O = TRUL IE-T SRV SRR
Lah B e 5 s ol e b clie QLI Sy e
b Ui e s a3 5SS e oS
SaSss s Sl b sl au S e WS abablow
Ol o 5o et Yo Ol 5o 5 p s el
a okl Sty IS gl palie (neS 5 ke DS
wlie bl s e el 5 Jsl Glabiss & bap 55
Ci s b e e sl 550K YOAV/EE 5 40/YY
g0 LV 507 b of o alacsdlet] Lo )s 63 gde s
oo 33 3 edel s ol slis Olaztle opl 3 e

e VWANA 5 8V L ol 5 4 58 oy 5 g

ol 5o aab Yo 54 Olale oo wlie &g o

G $9/0 w03 53 w5 4 oy 0 Sl edel s IS Ll e
b 4 Olastle s sl e YOAV/EE L A0/FY 5 OVY/YV
U ool s Jsl oy 5l edel s IS ol me Slie o 2aS
gl o BNl Ao s Ul 5 20 as o558 £4/0
Sy ol Hlde o iy 5 Gl Ao y3 04 B 0 050 s
5 e b e OVIIYY L s s ool (B ) el
ol 035 o3 YA B0 s OOl o s Ol i 5 4
B VEVOA oo gy 3l ool ol gl e JlMEe riomes
G placddstl do s glhls aS ess e il 50

C)udsdl.d) )J.S)L@k‘ Q‘jj“;a u'.'.‘fl’“ ! 03 4 J'JJQY'

2gd g ojlw ¢ liingfy g cale aypls /NN

IiCol GUunl - i g ( (50)laid - pg3 9 Cuuy



http://journalisss.ir/article-1-429-fa.html

Uv oo oism slas, ) ot s don YUY o Soop
aab Yo 54 Olantla 5o yo s alin s 4 Cl Lo s
_,';},)39,;;qu@gwdwlwﬁw,\mw}g
23) Sz e S, S, S (e et Sl ey 5 p g
0L (aik Yo Qlaxtl 53) 5V B v o (aab 4 Ol
WBDY 5 Y Bv e 55 ojsm slas,sS) Cod 5 Ao s
L oSlbl 5o b Slw s Shae IS Sl 5o il o Ao
oS Ko e sbaa,sS, e b Gua

Ll 035y g 593 055 Slad, 55,

Design Target

Ct K Avg
[N
3]

Ct K Avg
=
4]

Ct K Avg
N

0.5 0.75 1 1.25

edgdome Shls i S 4 Ay e pl aS Gl edd xSl
Al Ao WL g TY B0y sl ds s
G Sl Ozl oyl 3 6 ol el il S5 ) S5
Cow 0SBl Spse 50 5 ey Ao comle GLL
da el (b Sl S e e S e s
LSS5 5003 0jsm e, S5 sl ) badaly 5o
sab Vol 53 a8 5,5 0Ly Ol o () Jsir & x5
03 gdoen (el o3ls |y SLRS| oy 2 &7 S250) p3 Ry o
oy sbaayS, Lo lagal R WPV L B W

3 -Sto

9 - Stor

20 - Sto

15 1.75 2 2.25 2.5

Glalw ¢le g (alolf (o ol pljj (oses )bjlo

[ Downloaded from journalisss.ir on 2025-08-30 ]

(Response) passive controlled

(ResPonse) inherent damping

S35 050 Slasy S5 S ik Y054 T sladletle sy (Ra ey zs o Sl g -4 K8

NG/ 2Ugd g ojlw (iingfy g ol aypils

el GUwls - puiuth g (W (s0)lath - pgd g Cuuy (lw


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

- 5398 sloglaisln glojy spflac p Olagh ¢ iaw Guss @liso gloghy) b

Design Target

Ctg;
Ct K Avg

Ct;
Ct K Avg

Ct
Ct K Avg

0.5 0.75 1 1.25

3 -Sto

9 - Sto

20 - Sto

15 1.75 2 2.5 25

(Response) passive controlled

(Response)

inherent damping

93 eiem s, S,y Cod aab Y 54 T sbolestle muly ol L ay s s lagad =V I

ol
LSl 5 o el 3 558y gl Sl 1k 5o
e wn (S 5SL Bl j5b 4o e Ola ol
mon 20sm b B s (b e 4 S Ls
$lp ol 6,8 e S Gelow ol 3 S 13
LSS 3 olases Sl ol m1b 55 el edies
G il goma WOT 53 &S (ol 0 &l (V0) 5 (1)
BN WY RGO v S JUPRCIR S A gl Sk
S oile glamal S0k @ Ssline e la i,

bl 05 5 et S0ke o palie (F) s 55

il Lo I8 w558 Slie Lo J 28 Sl
Co Ol ¥ s s e s gl e Y 5
S5 03 dyhe sdalis Koo 5 s eim slaysS)
4 e e (S ps3 oy Sl eslial kb ¥ Ol
sl el Ol bl mul 50 e 0 e Lk
ok 2ose 00 aib 4 Oleala b alaly 5o ol e ba
el bodaly o s ailh o Skl e iy (bl
3 DR e 5 Gose 3 03) LB oler s ks

aib Yo Olale po il g g i) ple 4

2gd 9 ojlw ¢ liingfy g pale aypis /9

licel il - adtuib g ¢, (50)lauid ~ pgd g Cuy (Juw


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

\))M);\):A f\};).) WL“J:’“‘"U:’)J con"CM.uJu.
.:}4..};.;\5::3'

S5 dom -0
o) GUl Ao Ol e aib ¥ olaxle ®
€8Sy e Sl Loads J 28 Olatle glagmaly
ool o Ly® (ops Yoo G5 ol Lok s
s> Shss @ by o il 53 Aoys AL Ve
salie Soso w ol Db e e e )
On SLkl o3l e 4l Y 5 4 gladlale o
) Aoy A B Vv (Gedgde jo S w gty
ol S Libs (aib T4) doys AV B Ve (b
At ooy g p g S Sl S sl
b s Gl s bl Ul e NS Il o
B e e ol b Gl oy 55Ky gl S e
S 4 b Ye 5 X Olale g s L
S Gm SR Ol e s e pod sl
g el S Dlih
st Ol s Cow b S A @
o kb dagmaly Gllail Ol sws 2 oM il
Cod by (P Gl ) 0 5L S e ol
¥ silastle 53 S pl 4 sd a5 Ll s
Pl 3 Bl w5 S e aslie b Ye 54
s a Okl Ol (e S s Olele
DIV sl bl ey 5 e pus bt
A e o adl e Ko VANA 5 VEYT0A
b Y 54X glaolatle s LE S5 skiles
Voo Glaes sl o Sldall Ao )s Ol o e i 5
€ by 5 dous AV B Ve 5 A BV AT L
sskaa sl oo ey s e e by,
Oleilar g5 a2 53 (JS (2l JlA0) 450 a8
Gkl 53 (58 S pe S e 55 s L
5 &bl Al S L ) e et s A
dalpt s Sl (FUb sl S e
A0 Ly ,&5 Jp3 b akb Yo Olazle 5o b j5b 4 s
i SR b Sds e b ORI Ol Ao

al7 »q0 q ojw (litagf g Golc apis

b Saa b GLl Ol Some 5 Al e ol
0 51 JS slaglae Cond lasad al S350 spme I
5 dase 0L L b gl b 4 e Ciloie iy,
El (JS2 nl 03 prmen A3l e Slre 458 Olis S iae
sl &byl 5 Shas yerli ¢ a LB s Olatle 4w e
Cod ol e S (00) 5 () b KE 4 L
38X Olatle av a6l 5 Hs0 5 Sz 0y e, S,
OF0 0 Sl ealanal b3S 0Ly Ol 5 oo Conl 0l oy 4d b Y
oy (e (ga 38 0) IS o150 0 en ol it
g Ol S 5 ke Jlaged ool 03 el o]
e e S s OV sl s ke s 4 b 5
O 2 e G feS s R S ek 45 Ak
23l ey 93 b & b e o8 8 okl
Sl ,e godaasolis Ky 3 e bt lases ¥a
SoopS s 5 o5 4l sn 4 bl opl ile S
Ch s Ve s e S s el el
T s oml wupr Gome slasal po 3 4l 5 ALK dailn
Coo s 3 Ol 4 WU 5l am a ol G118 abablos 2
e Al A e b ) nl s e e di2S IS el el
bolsgod cal 5o Lpde oltle gzl il
Slib sl [l L 8 5, L 455 ol 4 Ol g e et
s Sole 4 edd xie gl Susly daolasle
ol 4l 5l e 5 e
S KL hgy kb ¥ Olatle 4 by o Jlagel 5o
Al e OIS aablos b Esy ol Ly el 2l 1 iy a
Sl o 2 4 Ol m i 3m 53 SRl de 3 YO Js L Lol
ooy o3 el K20 gy 4 by e a5 sy Gl ol L
sl b bl 4 ol do )0 Ol 4 bagmely 53 K3
ooy ol s Al bbb (65 Slas a5 Wlodd 1eS s
wash 3 o £l b aSop a 3sde sdalis
P30 IS Do a ey AL bl (5 Ses 4 Ol o0
Ord & 2 KS 5 KA ) g el ey STl e K3
2 JB el S s Ol SNIB L oS s
3 0kle 3 s wlle sk 4l sl i ) sl
5348 Sl gl b ey Ol r e b 6 3 b Y
by aib Yo o 5K3 2sy a0 by e SUal oy 2 4kl 4
o e 3 (S pde WS Ll K5 2 @
el s e s 1 (5 508 aliibone 3 Shas K33,
Sk sl 5 555 b sbes bl IS Sl s

NCol GUunl - i g ( (50)laid - pgd 9 Cuuy

Klalw ¢le g (alolf (o> ojolb pljjd ased )bjlo


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

- (53V90 (logloblw sloj) yTlac py Oldgh (aw Guss wlido glogh) P36

8‘f -V

[1] Wu, X., Guo, W., Hu, P, By, D,, Xie, X. and Hu, Y., (2020),
“Seismic performance evaluation of building-damper
system under near-fault earthquake”, Shock and Vibration,
Vol. 2020.

[2] Parulekar, Y.M. and Reddy, G.R. (2009), “Passive response
control systems for seismic response reduction: A state-
of-the-art review”, International Journal of Structural
Stability and Dynamics, Vol. 9, pp. 151-177.

[3] De Domenico, D., Ricciardi, G. and Takewaki, 1. (2019),
“Design strategies of viscous dampers for seismic
protection of building structures: A review”, Soil
Dynamics and Earthquake Engineering, Vol. 118, pp.144-
165.

[4] McNamara, R.J., Taylor, D.P. and Duflot, P. (2005), “Fluid
viscous dampers to reduce wind-induced vibrations in tall
buildings”, Tech. Rep., Taylor Devices Europe, Brussels.

[5] Zhang, Z., Li, A., He, ]. and Wang, J. (2009), “Wind-induced
vibration control of Hefei TV tower with fluid viscous
damper”, Frontiers of Architecture and Civil Engineering
in China, Vol. 3, pp.249-254.

[6] Hwang, J.-S., Lin, W.-C. and Wu, N.-J. (2013), “Comparison
of distribution methods for viscous damping coefficients
to buildings”, Structure and Infrastructure Engineering,
Vol. 9, pp. 28-41.

Xing, L., Zhou, Y. and Aguaguifia, M. (2019), “Optimal
vertical configuration of combined energy dissipation
outriggers”, Structural Design of Tall and Special
Buildings, Vol. 28, pp. e1579.

[8] Roy, T. and Matsagar, V. (2020), “Probabilistic assessment
of steel buildings installed with passive control devices
under multi-hazard scenario of earthquake and wind”,
Structural Safety, Vol. 85, pp. 101955.

[7

—

oleS dslee slls o3V 58 slassl (glo ) C",“'L*f” «(\Yay) s[4
Fosn s Sengesm iy ot p mle S Os 5 LU
Av-ov e ;)L@__y v;e..g 3 S A)Ls..i ;:‘yjﬁ 9 o)'L.v Al>r.a

[10] Singh, T., Kalra, M. and Misra, A.K. (2020), “Simplified
probabilistic seismic assessment of dampers in tall and
braced structures in buildings”, Journal of Engineering,
Design and Technology, Vol. 18, pp. 1037-1052.

[11] Huergo, LF., Hernandez-Barrios, H. and Patlan, C.M.
(2020), “A continuous-discrete approach for pre-design
of flexible-base tall buildings with fluid viscous dampers,”
Soil Dynamics and Earthquake Engineering, Vol. 131, pp.
106042.

[12] Basu, B., Bursi, 0.S., Casciati, F., Casciati, S., Del Grosso,
AE., Domaneschi, M., Faravelli, L., Holnicki-Szulc, J.,
Irschik, H., Krommer, M., Lepidi, M., Martelli, A., Ozturk,
B., Pozo, F., Pujol, G., Rakicevic, Z. and Rodellar, J. (2014),
“A European association for the control of structures
joint perspective. Recent studies in civil structural
control across Europe,” Structural Control and Health
Monitoring, Vol. 21, pp. 1414-1436.

[13] Benioff, H. (1955), “Mechanism and strain characteristics
of the White Wolf fault as indicated by the aftershock
sequence”, Bull, Calif. Div. Mines, Vol. 171, pp.199-202.

[14] Hudson, D.E. and Housner, G.W. (1958), “An analysis of
strong-motion accelerometer data from the San
Francisco earthquake of March 22, 1957”, Bulletin of the
seismological society of America, Vol. 48, pp.253-268.

[15] Bolt, B.A. (2004), “Seismic input motions for nonlinear
structural analysis”, ISET journal of earthquake
technology, Vol. 41, pp. 223-232.

ol 5l (6 268 ol e Sl
Seap 5 0 e S, S, Sl s p bl 0"
oo 03 s akb YOkl 3 &S Sl sspde i
o3 5dome (Lol 03l3 1) OLBl (g &S Ld5)) pso
Gz, sS5 Cov baal :Sbe o M oo
o G, S, S 5 Ao VB s e
3300 s alde Sopgo 4wl Ao BB s s
Ot Ao s e sdme ol 50 arb Yoo 5 4 Olale
I R R e T
4 olale ) Kooph oy slas, S, Cod
6L+ (ib Ye olztle 52) 50 b+ (b
BY oY B m ssseiem slas, S, Cod 5 Ao s
55 b S s Sloe IS e s il e oy £F
Seap i g, S, Cod b Ga L GLL

Ll 035y g 593 05 Slad, S5 4 Lo

Q‘b% 9 Js ‘_;Ud.la‘g.l:u -1

S5 e e ol adllas Glayssdee i ol 3
Sy Sl remea bilodsdwe ol Lol as S
syp0 51 Oldllas 3 Wl e oS 3p dalr ST Sl
s s S s Sles s pl 53 0,8 15 g
L GU s 3l L oS (s ejsm slas, S, cos
S,S5 Gy Sl edle Ll S I3 s 355
Sl oY S LBl 55 phiigr gl Wl e S Sos
Lokt Jxs glaokestle s Slas 58 easile ol
slaws 3l asdllas cpl 53 3,8 13 ey 3550 55Sans S
osbinal 358y Sl 5 Shee bl @lp 25555 G25dous
Ol s 585 slaas ST Slidoss 3 Sl oY 5 ol o
phe 5 3 Glyme S LS Sose a4 Ol Bk
Y LIRS SRVERP-PRUR

A b e Do @ e e e
A3l sleay Sy dlesl 5 Sliw 5 sl o o i, 5
oz 51 Oleson 50 @SB Slinly 53 5 GBI g 55 o
S s ae lsme 1 Sllas s oS cl Slslgnin
Gl e 55 0 L il s oS LTl Ll s 5,8
axJlan ;ﬁ‘&&d‘f. sl fﬂ GO N WP T Cw)‘ 33
loiles 3 58 g8l wup oo Ko 5 i
S I3 g 5 5 03l pli) 5 il

2gd g ojw (il g Gole ayplis /9P

Il (Ul - puuth g (W (so)lath - pgd g Cuuyy (lw


http://journalisss.ir/article-1-429-fa.html

[ Downloaded from journalisss.ir on 2025-08-30 ]

a7 3g8 g ojlw (iliaghy 9 pale ayps

[16] Ohtori, Y., Christenson, R, Spencer Jr, B. and Dyke, S.
(2004), “Benchmark control problems for seismically
excited nonlinear buildings”, Journal of Engineering
Mechanics, Vol. 130, pp. 366-385.

[17] Cimellaro, G.P. and Retamales, R. (2007), “Optimal
softening and damping design for buildings”, Structural
Control and Health Monitoring: The Official Journal of the
International Association for Structural Control and
Monitoring and of the European Association for the
Control of Structures, Vol. 14, pp. 831-857.

[18] Landi, L., Conti, F. and Diotallevi, P.P. (2015),
“Effectiveness of different distributions of viscous
damping coefficients for the seismic retrofit of regular
and irregular RC frames”, Engineering Structures, Vol.
100, pp. 79-93.

[19] Tena-Colunga, A. (2013), “Review of the soft first story
irregularity condition of buildings for seismic design,”
The Open Civil Engineering Journal, Vol. 4, pp.1-15.

2 Slamlin 5 ot (655,27 (OF40) g gy G 5 T b o [Y0]
Ole Jsl esled @iiimosle BT SColib e o gl s,
Yy-vyy e

L ASCE: American Society of Civil Engineering
2 Viscous damper

3 Viscoelastic damper

4 Buckling-restrained brace damper

5Friction damper

6 Self-centering damper

7 Hefei

8 Qutriggers with buckling-restrained brace

9 Qutriggers with viscous damper

10 Parkfield, California

11Pacoima, San Fernando

12Landers

13 Northridge

14Kobe

15 Chi-Chi

16 IDPD: interstorey drift proportional distribution
determined on the basis of the first mode deformations
17Hachinohe

18 Cimellaro

19 Retamales

20 Suboptimal
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