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ABSTRACT: Nowadays, vibration control in civil engineering is commonly used. Tuned mass damper
(TMD) is one of the simplest and most reliable control instruments, which consists of a mass, spring,
and damper. TMDs are usually set to the frequency of the first mode of the structure. The sensitivity
of the TMD to the changes of structure’s frequency is considered as the weaknesses of this controlling
system, and the lack of adjustment of the damper’s parameters to its optimum state or the changes in the
structure’s frequency leads to the inefficiency of the system. The non-linear behavior of the structure is an
example of changing the natural frequency of the structure during vibration. In this study, to investigate
and compare the performance of the single mass damper in the maximum modal displacement (roof) and
multiple mass dampers vertically distributed in the height of the structure, based on the modal analysis,
two linear and nonlinear models of a 40-story structure were selected. The structure has been modeled in
OpenSees software using seven earthquake records. The analysis results for applied earthquakes under
the maximum acceleration of 1.0g show that the control of the linear structure by multiple tuned mass
dampers (MTMDs) tuned to the first and second modes have more appropriate behavior than others, and
the average reduction of the maximum displacement of the roof applying this type of dampers is 14.5%,
which is about 2 times more than reduction of the STMD tuned to the first mode and the MTMDs tuned
to the first or second modes, systems. However, due to the assumption of tuning the design parameters
of the dampers corresponding to their elastic behavior, the performance of single and multiple mass
dampers slightly decreases in a nonlinear model of the structure while structural responses are still
controlled. Also, for the 10% error caused by misadjusting of the dampers, the behavior of MTMDs is
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INTRODUCTION

Tuned Mass Damper (TMD) is a passive control tool
consisting of a mass, a spring and a damper, which transfers
the energy from main structure to itself. Performance of a
Single Tuned Mass Damper (STMD) is sensitive with regard
to changes in frequency and damping, leading to problems
such as weakness in tuning frequency or non-optimality of
damping. On the other hand, in tall structures considering the
heavy weight of the structure, the mass needed for the damper
will increase and more space will be required for placement in
the structure and sometimes, to place the required mass for
the damper, this space will include some floors. To deal with
this issue, using Multiple Tuned Mass Damper (MTMD) is
recommended.

The concept of a mass damper was first proposed by
Frahm [1] in 1909. Following that, researchers sought for a
way to fix the issues regarding STMD and they recommended
and investigated distribution of TMDs in different places.
Researchers such as Wu and Chen [2] in 2000 and Chen

*Corresponding author’s email: mzahrai@ut.ac.ir

and Wu [3] in 2001 studied the effects of distributed TMDs
based on acceleration of main structure in modal response
of a 6-story structure to show the operation of the dampers
under seismic load. In 2009, Petit et al. [4] proposed the best
place based on the best shift in structure’s frequency from
resonance force frequency. In 2010, Moon [5] concluded that
mass damper, when distributed among the structure’s height
and based on mode shapes, shows better performance.

In 2013, Farshidianfar and Soheili [6], using Ant Colony
Optimization (ACO) and in order to reduce maximum
displacement and acceleration in floors, found optimal
parameters for TMD in high-rise buildings by considering
soil and structure interaction. In 2017, Elias et al. [7] studied
multimode seismic control of a 20-story benchmark structure
using multiple mass dampers distributed based on mode
shapes in the floors. In 2018, Bayat et al. [8] investigated the
performance of a multiple mass damper distributed in height
with a mass - spring model of a 4-story structure under
acceleration records of three actual earthquakes.

This article works on the effect of using distributed
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MTMD in a tall structure against seismic load, while most of
the previous studies focused on studying distribution of this
damper in one floor (usually roof) or its distribution in height
based on maximum displacement of each mode against wind
load.

Specifications of Case Study Structure
The investigated structure in this study is a 40-story
structure modeled as a 2D mass-spring model.

Mass Dampers Design Parameters

Optimal values for damping ratio and damper frequency
are taken from those provided by Pastia and Luca [9] which,
in fact, are relations used for optimizing STMDs against
harmonic load and are employed for such purpose. Using
these relations, design parameters for dampers such as their
mass, stiffness and damping, assuming an elastic behavior, are
determined:

S
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Where, fryp is damper frequency, f; is structure
main frequency, p is mass ratio, equal to 1% of
modal mass of the structure and & is the optimal

damping ratio of the damper.

Positioning of MTMDs

In order to design multiple mass dampers, a number of
mass dampers with identical specifications are used. So,
to calculate design parameters, first the positions and their
numbers are determined and then, dampers are designed
based on the considered mode(s).

Determining position of the dampers and number of them
are obtained based on modal analysis of structure according
to Fig. 1. In this method, in floors with modal displacement
above 0.5, a damper is used.

CONCLUSION

Single and multiple mass dampers for a 40-story structure
were used to improve structure responses. In order to
investigate the results, the average roof displacement and
average base shear of the structures in different modes were
compared under 7 earthquakes.

Average roof displacement results for 7 earthquakes
indicated that, in linear model of the structure, MTMDs for
the 1% and 2™ modes represent most appropriate behavior
than others and average structure displacement using
these types of dampers has reduced 14.5 percent which is
about 2 times of the decrease due to using STMDs for the
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Fig. 1 Determination of the number and position of mass
dampers according to mode shapes

1 mode and MTMDs for the 1% or 2" modes. Also, results
for maximum displacement in the Northridge earthquake
of Beverly Hills station shows that, due to decrease in
RMS values, using mass dampers have resulted in stability
in structure’s performance. It also can be seen that in this
earthquake, MTMD for the 1* and 2™ modes has the most
decrease of maximum displacement and RMS. Performance
of dampers in decreasing nonlinear model response of the
structure, assuming elastic behavior in tuning their design
parameters, has changed 22 percent on average, so that
STMD for the 2* mode, STMD for the 1% mode and MTMD
for the 1**and 2™ modes have the best performance with 8.8,
8.4 and 8.1 percent decrease in average structure responses
under 7 earthquake records respectively and MTMD for the
2" mode and MTMD for the 1t mode performed worst with
5.9 and 7.6 percent decrease in average structure responses,
respectively. As the structure enters nonlinear region and
due to mass dampers being out of tune, STMD for the 1%
mode and MTMD for the 1* and 2" modes have the best
performance with 1.4 and 0.8 percent decrease in average
base shear, respectively.

REFERENCES

[1] H. Frahm, Device for damping vibrations of bodies, US989958A
Patent, 1911.

[2]]. Wu, G. Chen, Optimization of multiple tuned mass dampers for
seismic response reduction, The American control conference,,
Chicago, Illinois (IL), USA 2000, pp. 519-523.

[3] G. Chen, J. Wu, Optimal placement of multiple tuned
mass dampers for seismic structures, Journal of Structural
Engineering, American Society of Civil Engineers (ASCE),
127(9) (2001) 1054-1062.

[4] E Petit, M. Loccufier, D. Aeyels, On the attachment location
of dynamic vibration absorbers, Journal of Vibration and
Acoustics, American Society of Mechanical Engineers (ASME),
131(3) (2009) 1-8.

[5] K.S. Moon, Vertically distributed multiple tuned mass dampers



A. Akhlagh Pasand et al. , Amirkabir J. Civil Eng., 52(10) (2021) 625-628, DOI: 10.22060/ceej.2019.15584.5959

in tall buildings: Performance analysis and preliminary design, for multi-mode control of benchmark building under seismic

The Structural Design of Tall and Special Buildings, 19(3) (2010) excitations, Journal of Earthquake Engineering, (2017).

347-366. [8] Bayat, Beiranvand, P. and Ashrafi, H.R., Vibration control of
[6] Farshidianfar, S. Soheili, Ant colony optimization of tuned mass structures by multiple mass dampers, Jordan Journal of Civil

dampers for earthquake oscillations of high-rise structures Engineering, 12(3) (2018) 461-471.

including soil-structure interaction, Soil Dynamics and [9] C. Pastia, S.G. Luca, Vibration control of a frame structure using

Earthquake Engineering, 51 (2013) 14-22. semi-active tuned mass damper, Buletinul Institutului Politehnic
[7] S. Elias, V. Matsagar, T.K. Datta, Distributed tuned mass dampers din lasi. Sectia Constructii, Arhitectura, 59(4) (2013) 31.

HOW TO CITE THIS ARTICLE

A. Akhlagh Pasand, A.H. Fatollah Pour, S.M. Zahrai, Comparing performance of TMD and
MTMD vertically distributed in height for multi-modal seismic control of tall buildings,
Amirkabir J. Civil Eng., 52(10) (2021) 625-628.

DOI: 10.22060/cee].2019.15584.5959

627






75 g0l (1308 (wikigen g uli

YOAY b YOFY lxio YA Jlo )+ o5laid BY 0,93 S yusl lyos cwiigen sl
DOI: 10.22060/ceej.2019.15584.5959

Sl eiy JrS lp Lyl 40 oo 29595 ATy g9 8y 0y 8,51 0 8 o duws Lo

oy ojlw (gog0 W

TS5 e s g Al s el Py BT e

Ol eyl (ol s oty ¢yl o (gt 0aSLisls )l sl IS (geomiils !
Olnlealesy (lony olRiils ¢yl jas i 0aSidls )l cwliss IS goomiils v
Ol el ooyl olBils ( 8 (slo 00Sails sy )l pes oo 00SCiSls bl T

TR 2B
VAY-) ooV F il o
VA=Y=V - 6,550
WWAA--F-Y .t pdy

YPAA- 0=V 20T wl )|

(euadls wlols

Syiie ok palais 0> Sy
(STMD)

THLRCERW RO e S o
Jus e Jus « MTMD)
oy 4zl (Sl Jelow
Jlsge 5oUT

s (o2 e 098 (oo ooliinl Joons b & (lres (cwiigs Pl ;o SLALS,I 1S 5 059 5ol oD
FSi5 1) See g 282 5l (oS 5 45 1090 (o0 Cgmzme (J 1S Il (n oleel BB g 0 5 ool 51 (S onig
b (00,2 Sl e Camili 53 )5 (o0 it 05l Jol 090 (S 9 (slins p Ygams (g0 )2 slo ST e 000 (o0
lo yielb ange @it pue g ond Cgaine (JUS e () ind blES 5l cojle (il 3 Dl i 4 0
(s s9ie & g% (nl 50 09h (8 e (nl (235L B 4 jmie ol WS B S L g s
Wiz o0z 1,51 5 (05l pl) (6950 (loulr atnion oo ;0 @y 0500 oy 10 0 Sloe alie
W8S oy b é g st Sl g0 o Akl Froojle Gl Jloge Jlod (bl 2 ojle glis ) ) o0l 8
o5 0 N Jobee ol arcin b Jleel gla ) sl Glid Cn ol ed 4 ojle (3le o sl o
b cl o o5l JuS 4 wes e lid 48,8 O a0 slo Judo bl Lol sl pll OpenSees 58l
Lol 1l & o (65 comlio 58, p3o- sl (sloogs olul s oids prksss wlEaiz oy (sl Tlpme Lass
Y oga a5 abl (o0 0o 0 VFIO o ST e 5l e cpl 5l eolatul b ojl ol ploasls asciny (ralS lavwgio 50l
7 Slee 5 Jol 090 bl oadinnlais 53000 b S ree jlosliitul slacdl 5l (306 oS I yiies plp
olie s 55 4 az g L a5 ool o 40 ol bl o eogo b sl 950 elal o oulis ailfaix
Az 590t ooz oS me o, 8os ojles as e oo o e (T (elo ) L8, L Jble b S1e ()0
Syzge sl Coalad poe igy jslaie 4y ooy Ve gl il (o Rl (Siliojle o Fuly S5 (el
Col o i3 )5 a0 o Slpne (il (53 olais )0 ¢ puilS B Dl I (LBU 03l g (002 o ST 50

el 0353 5 enlin Stz ay> sle Sloa L5, 5 cdls ) o 45

ol Sl Sliee (2l 20)0 b ojle (rnb (il 8 4 Co
sl 09 g b iS5 3 odals Gans il SIS a5 ol
et 4y aelsl jo aS o5l ands 53 1o 0 ls ol e 4
b ilogdh seaslels J S Ol Sl alS 4 i 05 o0 oyl
Sl slosse iy coile 0l (59 4 4z bl slaosle o 500
wlad 4 5l osle p3 oleil> 6lp g 09diee oL Sl Sl

o 5 B it 4 5 ahek 2z b olF 45 s 2l (ool

Ao o)
Jd e S8 slayll 5l (S5 tenisd @il poyr Sy
)L{ﬁ)l’“"u"w‘°MJ‘S“")f‘)M9)J‘f)>J")‘JW|
Iy 50 AWl a5 ool Jil 09> 4 Lol o5l 5115 (65,

3o odigh @it g0y STre )5 g jle QDI 05ke (oo ool

1 Tuned mass damper (TMD)
mzahrai@ut.ac.ir :olslse lseage ooimys

(Creative Commons License) oo o (Fosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 Bgi g S ot g5 4y il (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loty o 2,0 BY NG

your


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

o> S ST sl colaiul a5 Wleaw ) 4zl cpl 4 laeutils
Sals alils g ol Lol ) s o 1) o3l slagealy onied wulass
Sy 50 ke g0 s0,m ol as cll Jb ol e e
wlad pals a5l asl glojle Hlae 5l Lo & wojle 51 1
ISie ol @8,y samys Gliime by s 69,2, sl osle
o oo 5o 1) oaigd i po 2z sl Sliee @i 5 Wasly
Jlo 5o Y] )5 o7 o0 5 0 il 00,5 caw o g Slpin calisee
o] omigd welas e slo Fle olis)] a3 1AAR
Osed Sz 50,5 &l Slasle Jas leis 40 )b 10 S
S Yoy Jlo o [F] g9 50 oV v Ul jo [¥] 7> 5 %9
O)L...J ul...w uoL..ulf ol G)y OJ.‘&...; p...la‘.' i ae leb;‘).uo
0, Slos yalo lis jshate 4y 1) adds £ o5l Jloge Fuwly jo Lol
Sl Sl a5 WoS (B 5 (ompp Wiy )b o e Sl
b olad ol Ol rals o alfas cdisd a0y
5 Sy )l ol YL Slab s 4 g5 i ojle
i oobel e G calie Yoo 8 Jlo o [0] o Ken
Sowd & oiligsy gp 8 ) ojle S8 s Jlak]
oz 6 Slie e 65 518 L aS wols i b ] sl
b (o0 dgue 039 yob 4 55 le L3 B el (1S o
3 o Sl 85 Sy 4 pl 4 Yod e Jlo s [F] #se
Sy 05 kee g JSA ulul 2 g o5l £l )] )0 @95 )90
Yol oIVl Yoo Jlo o gmils 568 ams o lis g5 51,
5033, ool o> slo 51 ue lsie 4 >, sl ans 51 [A]
a3l Cou dlfais onisd mudil 0,2 o s aS wisly lis
oXNgdh pebaid g0y Sl 4 Sl G oo Su b slo
i, 51 Y Jlo jo A1 o) Sen 50 JaSs .5 s 5 yite
07 S e e Sl (8L sl (HS) il sominr
w85 18 Sige,lo asl oLt o a5 4t Ve o5l S gl

S e ol Caws 45 (g oyl )b oyl ass ges ooliil w g

Bergman

Wu

Chen

Petit

Moon

Fu

10  Johnson

11 Nigdeli

12 Harmony search algorithms

O 0 N O\ Ul

Gl 0955 Brby sl 09d (geodls olatsl Spe sl 5ls 090
QLQ,..‘.«.Q\Qlfmam%pd.‘aaso)};b.houdﬁ;)lsdaauy&w‘
;\ﬁdw)\mgwowww.‘ba@?su;\ﬁwlow
M‘ydu;‘ﬁw‘ﬁowwvowowymsa?
5 el )3 @iy Djge 90 4 (Phb 6w 5 ilae IS8 90 &
225 (o (LS I g 2 Nigd (6 NS o3l 151 G )0 @
slasi ey lade 4 Alfaiz ouigd mpudati oo y> 510 0,5 5 a5
28 (S Lo o] @8 o9 5 (b (Wl Al 5 bopyx
FB iz b ow glp alfais onisd pudal o> Sy
1 b Sl s s wislos,) S Gials3l gl 4 ol pulass
iR ol o a5 CldS IS Lol sile ) il gle caege
O g (oo @i ojle ] o wllain peyx o ST
ool slad Sy wiels el S Sgge 1 osdle oo ailoles
039 e 4 axgi bLasind Sl oo 18 6l oals ools
A aless sl ol gl 40 B HBT oloy! s 0o oulass

o oSowl 0 plodl g0y Siee (59, p &5 Slinios S
07 P 5 e (P i S ree e sla el 8L o
WDgd oo Joo @it sla IS 4y 4 walise sl 1386 ol
aloz 5l golae sl las 3l caliplonl Gliass o Lailaiils
el 00 0oliiul ayz S e gy sl yel )y 3l

Juo 5o DV Tpl2 bawgs Jl s sl sayz S oot
oo i8S Gay by Zlgel 5l ool Slals ) rals 6l Y444
g2 0l plxil (coy> Sliee 59, p &5 adgl Dlidxd j3 s )S
o sl ol @lee 3575 pae (23 L) g0 FThee Saie 3
So03 Yl (o0yz Slhme (il ,8 4 (6051 uilS 8 a5 axisly
oz b S gla gl (S oS col S5 4 p3Y sl
Syhin odigd palald co,> o Sl 5 Alfus owigd el
@ o] 65 13 oo a5 ol Jb> jo cpl reenl K0S wlie
Gk el lp pitas pl Sl 0n a4 ol jolane
Syl o o] 65LsS slbass wyp a L g eog Sglite o)l

1 Multiple tuned mass damper (MTMD)
2 Single tuned mass damper (STMD)
3 Frahm

¥ol£



YOAY b YOFY dociio VYRR Jlo )+ 0)loud @Y 093 S ool (5l po suokito & pis

or el saib 3 oud e Allaiz ey Sl eolial
27 S Sl i 0 Shes 5l (Sl anlllas ol )5 glis dioges
2 Ohlen g Guldl 092 00 (o) o STrae 4 S Bz
cov |y 15090 G atll> aiz gl S Sl el Yevs Jle
et oz sl ST iee a5 il ) b 1 i) Boos il
WS (o SRS 1) (Sslite Jloge slaguly oS iz onigd
) ol v s oS o2 slo S plp )0 (g4 0,Sles
2 D] e 5 oldlaias o lis sg5 5l S o J S
LT, adb Ve gz e sojle (s390 iz loj ) S8 VoV Jlo
39 6350 S Lolul oS alfais > slo e 5l ooliul
» 2l 5 oyl zls 20,5 aslllas (Sog odd xujel Olab
Syiie (02 Slie b aalie ;o (J3S g cnl cenlie o Shee
&9 9 pb kb 0 0ad gjf Alfaiz o> la Sl
5 Shoe YNV Jlo ,o V] e o " gilins 5 09 o] Blas)
Dyge 4 &S ooz Sl Vg VL) alliz ooy oSl
31 a4z )0 ST s 53 idgy 45,18 08 LS (55l5e 5 (6
Coliie 5 slaly SlacS 28 Lo lse 5 S D yge a5 05
ol IS ek a4 aS W) azS (pl g 80,5 (o) 2 9 Sl
Fer sl ol el e wlloiz ooz slo )5 slass
TV Jlo o DA 63, 5 Tsgllo 005 o0 o plals oo
Sln 1y odisd melas (o> Sliee o 4 bgrye sinte Slanie
A Slasein o by G a8l A5 VA Cow ol VP
G35 golaws o aids o0 LB Sy gl |, loge Slakis
oelats gl o 1yl g, wisls Lis by ] idgai casyy slere
POl YA Jlo jo cwtansls 1) o Slae o e S yme g5 00!
Bl )| o oad i Az ayz Slye ,Skae 18] 502
do sl BlKobs cov aib ¥ gojlu jb 50, Jao S5 y0
03,5 5,55 ol it as oliwl b .aioges sy (o28ly saly;
3 mslio o3l (sloy I JyuS 0 Az ooy Spe s Sloc oS
[ 1Y g %S Vo VA Jlo yo ol oo 3 a0 sn,> (slo,ST e
Sl cod |y b genigd melas galluiz (o) sl ST

12 Trisnanto
13 Salvi

14  Rizzi

15 Bayat

16 Kim

17 Lee

Yoo

ioged halesl Akl Ve ojle yo iz sledl i gl |y ooy
Gigy 3 eslitel LYY Jlo jolV ] ¥ g 5 yaibans

o¥igdee e s0,2 Sliee ly e slayully Taaz jse SolS
5 S S al 18,5 a8 o by e sl glapleisle o )
4ol olib oll § obalr iShe gals jglaie 4 ojl
ol 5 TS sladll a bgye slas S, @l oy n pkate
S Sl 3 See o920 5 Jlosl il Frogosl S )
lapl o,8es 5 SL g5 23U 5 g bageuly (2alS ) endiange
LS YN E gl e IV pliis 57 Sols .aisged aseiv |,
S slp alfaiz Gonisd alals (002 slaSlime a5 ws S
o Seo3 gl (W L ag e obisS sleosle gadlle win
el oo, STe SISE IS 6350 o Shee Al sla oS,
DLl S5 jskaie 4 ojle glis )] 3 0 g 5o alS iz onigd
ST Ll & ol Ly ol ol j0 ailo Y a0 03l
oo e wz el S S5 lge cos YV E Lo
sy plas ik ol § bolr gl ) 06 @l W S
P 8390 SSE ulul p ABuiz (o> slaShee i &5
o s Sl 5l eolannl @y s ol 5l Lol wlales )| Jus
Pl el )3 oud mjy Allaiz (02 Sl Slme 55 9 0jh0
byl ¥E Jlo o DYl Ghes o les ) el poalio
2 AL g0 JEAT Wl oS Az (o2 ST 2L
odd @je5 Al Vo sojlu 5l 18 5 ey Joe S il b
1,51 10 5l £5 (ol a5 BB SUlgs )T 15 ol sl 3 e
S an Gcsllobs cod ol sloj ) aal a5 50 )
o7 Sl 900 o e ln SRl Olsie 4 (Al
Jlo 5o DVF] s ¢ M auS ols lis pb saids o alSais
Sygo a5 1) ok b blie o ail lasle Sy S Yo

L g oo Jaw 8 9 o> 5l eolatwl b g golil a0 SO (g0l

Farshidianfar
Soheili
Ant Colony Optimization (ACO)
Kobe
Tabas
Xiang
Nishitani
Elias
Matsagar

0 Rahman

1 Kim

== 0 00 N QN U N



ol oo solawl g /Y Jolae olids aniion b el

aslllae 390 0 3Lu—Y
ojlw Slasin -V-)

oo oile SO a4 by adllas cpl j0 00l gwyp sojle
5 e Dope 4 atle [YY 5V ] (LS Sliios wiges 4l
ol Joo S8, (3,5 )5 10 L g sam 90 Dy 4 8
Ao Ve g ¥ Fe g pladlo cpl el )l g Goe (o pe o
FrIINPSPNUEIIIN PRVIPUEIC S TRNSICOR JPvII AP P B
P ASVTV 2 T s Lo il plas 5 0,558 AU 2
Z) aib i)l AL (K) Slib (25w aidlbioo oo e 5
il (B g K Jol adeb (5w il oo 105 (> & )50 4
S e AAAXY A g YWY < Ll o 4 (K ) ol e
Ivvlocst o

Gllae a5 col oo oolawl alyl ) s oolyue 31 G950
oS5 ) Dyge a4 Wl oo 4N ojle ol e e sle o]
'JiLH Cawd Le) d)Lo;:;L» leﬁu» 9 f);? stbL)MiJJLQ }‘LSL25

[Clyw =46M 1y.y +A[K ]y .y QD)
JiGLaA as ~XLQLQL5A dJi‘) Lsi‘JT‘ gf%‘)ﬂé ‘/\‘ 9 [\. Aiaeb k)i‘ )o

g oo 43,5 S5 50 [0 g i 4 g

oud at5Le Joe oxier Como Y-Y

3
@
e

f KaD O
3
-
o

|
f

3
@

@=w@=0—
e

h%ﬁhs’ﬁ
Wl
.5\!91‘ hAd
m1 {
b A
o <l

03bw () 55T o (AN Seilould b ) S
Fig. 1. Schematic diagram of: (a) damper (b) structure

G40 St bojlo o o Dglite slagain S b dds 58 sy
3l sl a5 9Bl o oyl 08,8 Slhb aigs O jgo a g0l
Sy g0y S Sl 5l 5t S 95 (nl Sl e 8 2
5 ol VA Jlo 5o el g ojl J5S 5 bagyT o Shas
s 195 BN oy ST yee o Shas sasllhae 4 [VV] o S
gl b9y bl it Syl b oy @ sl 9 YL o
Tl ool s 4 bgipe (g990 wiz loj ) S 0 Tl
as JJQ)S g}aﬁzﬁ;c thﬁ AL;L$‘Q)i ﬁ1l55 LS°}L~)15 &9y 4lé)§ )bé
Sge 90,0 odd &l yhgy sl eolatwl b Sl 5l gg5 ol o Sles
Jlo o VY] o o T slSinl .ol sog canbin (33,1 ol
$logyd slolaz s laglazslo o gely (glog,) s ¥4
o> 6,31 leolanul b, calisee sladljl; slacSs o s
W)l o oSl 5l e cnl @ig g b S 0 Allaux
SloSlree o5 aisls lis @l W0 S (cwy 2 syl ©j9e 4
dalio yo 1) 2alS ( F st e 55 00 398 Az (oo
als Ko J S slagts, b
Olidss [0 oads plxl glo gl cdel B allas )l
b (el Ygore) aile G 55 Slie ) @9 (omyn 4 &5 Gniin
Blis ;3 5 050 2 alralr ain Gulol el 0 T gsss
Goisd welil cayr (sl Tl 5l ooliul I wlazsls ol b
aslas Iy a3y )Ll o auls gojle glas)l jo ouls au 595 alSau
Jge 56T 51 1,0 65 18 (e cpmans 5l 4 o8 4038 oo
Gl eJIoge Judz 5l amy a5 & g0 s el 00y )5 ool o5l
iy ol Sl Gl b Sk Gl ooz LS OIS e
w ool (nl g adl o (2 Sl cad 4 LS (090 bl
O g )3liLA Le uA@Lb < g;L&¢l= C)i‘)d %At;b )iOLAA C)éje~yb gjﬂJé
o sl ey s (sl e o3l o ) ltlesf
aolol 1o yuioren .l 0090 ) oolaiwl dige bally, 5l so,m ST
5 07 S She ;0 Serse laCaalBpoe bs jshaie o
JER| LIRS S R F T SOOI EO N >S5 P RN o PR W
ol 8 oea jo ao o Ve Jolre gllas 5l ST b ojles ko

i)y can l gados Blaal 4 o gl .ol ool 48,8 0,00 ST 0

Hussan

Response Surface Methodology (RSM)
Offshore Wind Turbine (OWT)
Stanikzai

BN =

Yol



YOAY b YOFY dociio VYRR Jlo )+ 0)loud @Y 093 S ool (5l po suokito & pis

0/8
0/6
0/4
0/2

-0/2
-0/4
-0/6
-0/8

Acceleration (g)

Time (sec)

a9S a5 ploj —olinh loged .Y S5
Fig. 2. Acceleration-time graph for the Kobe earthquake
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Table 1. Properties of structure
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Table 2. Periods of modeled structure in this study and benchmark structure in Farshidianfar and Soheili study [10]
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Table 3. Modal displacements of the structure in 1*t and 2°¢ modes
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Table 5. Properties of designed single TMDs
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Fig. 4. Determination of the number and location of TMDs based on modal shapes
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Table 6. Properties of MTMDs based on the first two modes
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Table 7. Properties of earthquakes used for analysis
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Table 8. Mean of maximum displacement [m] of the structure in Time-history analysis
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Table 9. Maximum displacement in the Northridge earthquake at Beverly Hills station for STMDs
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Table 10. Maximum displacement in the Northridge earthquake at Beverly Hills station for MTMDs
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Fig. 7. Roof displacement during the Northridge earthquake at Beverly Hills station in (a) Nonlinear model (b) linear model
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Table 11. Mean base shear [kN] of the structure in time-history analysis

STMD STMD MTMD MTMD MTMD
PGA | Uncontrolled It 2nd I 2nd 151&2m
mode mode mode mode mode
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Table 12. Base shear [kN] for STMS under the Northridge earthquake at Beverly Hills station

STMD STMD
PGA | Uncontrolled | RMS 1 RMS 2n RMS
mode mode
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Table 13. Base shear [kN] for MTMDs under the Northridge earthquake at Beverly Hills station

MTM MTM MTMD
Uncontrolle D D &
PGA d RMS e RMS ond RMS nd RMS
Mode mode mode
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Fig. 8. Base shear in linear and nonlinear model of structure during the Northridge earthquake at Beverly Hills station in
different conditions: (a) Uncontrolled (b) STMD designed based on 1st mode (c)STMD designed based on 2nd mode (d)
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Fig. 9. Base shear during the Northridge earthquake at Beverly Hills station in (a) Nonlinear model (b) linear model
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Table 14. Comparison of mean of the maximum displacement in 1g acceleration considering the frequency change effect for

STMD
Uncontrolled STMD ‘st mode STMD Ynd mode
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Table 15. Comparison of mean of the maximum displacement in 1g acceleration considering the frequency change effect for
MTMD

Uncontrolled | MTMD 1st mode MTMD 2nd mode | MTMD 1st & 2nd mode

With With | with | with | With | With | with | With | with with
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