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ABSTRACT: Due to the advantages of semi-active control methods over passive and active methods,
the development and performance of these methods to control the structural response under dynamic
lateral loads has been widely considered. Magneto-Rheological (MR) Dampers are among the widely
developed devices for semi-active control of buildings. Various models are proposed to simulate MR
Dampers dynamic behavior. The present paper summarizes the results obtained through studying a
10-story linear shear building exposed to 28 far and near-fault earthquakes in MATLAB. A MR Damper
with Clipped Optimal Control Algorithm was considered to control the vibrations of the structure. In
addition to the effect of actuator saturation, the actuator’s dynamics were also considered using the
Modified Bouc-Wen model. Moreover, the positioning the damper at three different configurations of
lower, middle and upper stories were investigated. A statistical study was carried out under different
types of near and far-fault records. Results obtained through this study suggested the best performance,
in terms of minimizing the roof displacements, while placing a MR damper at the first floor. Results
show that the investigated control system has the best performance under near-fault records without
pulse, with an average reduction of 21% in the structural response.
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1. Introduction

The use of passive control devices is already a well-
appreciated and common practice among different control
approaches, and many studies have tackled this topic.
Despite their widespread use, the performance of passive
control methods needs to be improved due to incompatibility
issues and their deficiency under wideband excitations [1].
Active control is also rejected by some researchers because
of its disadvantages. The well-known shortcomings of these
systems are their high energy consumption, possible power
failure during operation, as well as the possibility of unstable
structures due to adding energy in the structure [2]. The
idea of employing semi-active dampers for car suspension
systems was first emerged in the 1970, [3]. the semi-active
control system is a development of a passive control system;
however, it has compatibility to adjust its parameters based
on input vibrations. additionally, active control approaches
require a large power source (from tens of kilowatts to several
megawatts) while semi-active control methods require a
small amount of power (up to a few watts and on the order of
a normal battery) [4].

In this numerical study, a linear model of a benchmark
10-story shear building is semi-actively controlled by MR
damper under 28 earthquake records. Clipped Optimal
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Control (COC) algorithm is employed to calculate the control
force, and a linear quadratic regulator algorithm is employed
to calculate the optimum control force.

To distinguish this research from previous studies,
statistical seismic performance assessment of the MR damper
under real records is studied while many different aspects are
considered simultaneously as summarized below. (1) Using
a good number of records with different features (28 records
with 4 different properties) for statistical seismic performance
assessment of MR damper to control different structural
responses. (2) Since conventional methods of processing
ground motions (filtering and base line correction)...”
eliminate the fling step (FS) effect, unprocessed records
are used. (3) The actuator dynamic is taken into account.
(4) Saturation of the control force is included as one of the
limitations of implementing active and semi-active control
systems. (5) Three different configurations for the damper
placement at building height are investigated to determine
the effect of damper location on its performance. (6) The
dimensionless answers are reported so that they can be
generalized to different numerical problems.

2. Modeling and analysis

A well-known 10-story shear building with the same
mass, stiffness, and damping for all stories is investigated
as a numerical problem. The main frequency of the studied
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Fig. 1. Mean and standard deviation of normalized maximum
roof displacement for the 1* alternative of the controlled
structure (i.e., damper at the first floor) under near-filed record
sets earthquakes.

structure is 1.02 Hz. For the semi-active control of the above
structure, MR damper with 3kN capacity and a modified
Bouc-wen model is used. Furthermore, the well-studied
COC algorithm is selected to calculate the required voltage.
Three different alternatives are also examined to investigate
the effect of damper location at building height on its control
performance:

* Case [: MR damper at the 1% floor. (Lower floors).

¢ Case II: MR damper at the 5" floor. (Middle floors).

e Case III: MR damper at the last floor. (Upper floors).

The responses of COC controlled buildings are compared
with the uncontrolled, Passive-On (P-ON), and Passive-Off
(P-OFF) controlled building.

The steps for modeling the building and controlling its
vibration in MATLAB and SIMULINK software are as
follows: mass, stiffness, and damping matrices are first defined
and uncontrolled state-space matrices are formed afterward.
Consequently, uncontrolled structural response is obtained
under different records by employing appropriate blocks in
SIMULINK. Next, the state-space matrices of the controlled
structure are constructed based on the selected alternative
of the MR damper location. Then, using linear quadratic
regulator algorithm, the optimum force values are determined
and compared with the force generated by the damper, thus
calculating the required voltage for the MR damper at each
moment. Finally, the control force is computed and applied to
the structure by feeding the displacement and velocity of the
stories and the calculated voltage to the controller.

3. Results and Discussion

Fig. 1 presents the mean and standard deviation of the
controlled to uncontrolled maximum roof displacements for
the first alternative (i.e., damper at the first floor). Two near-
fault record sets, i.e. with fling step and forward directivity
(FD), are presented in this figure. Although the roof
displacement is decreased appropriately under all applied
record sets, the minimum roof displacement is calculated
under near-fault earthquakes with the fling step (FS) effect.
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Fig. 2. Mean and standard deviation of normalized maximum
roof displacement for the 3" alternative of the controlled
structure (i.e., damper at the fifth floor) under near-filed

record sets earthquakes.

The maximum roof displacement of the controlled
structure is decreased by 7%, 14% and 22% under near-
fault earthquakes with fling step effect with the P-Off,
COC, and P-ON controlled methods respectively. However,
the structural response is declined by 6%, 11%, and 18%,
respectively, under near-fault records with forwarding
directivity.

Fig. 2 presents the results obtained for the 2™ alternative of the
MR damper location. Analogous to Fig. 1, the P-OFF and P-ON
control methods have the highest and lowest standard deviations
respectively. However, the performance of the MR damper using
all examined control methods is exacerbated compared to the
first alternative e.g., under near-fault record with fling step effect
and with COC method, the response reductions of 14% and
9% were observed for tthe 1* and 2™ alternatives respectively.
A summary of the maximum and root mean square (RMS) of
different performance criteria for the preferred configuration
(i.e., damper at the 1* floor) is provided in Table 1.

Table 1. Normalized criteria for best performances for the 1
alternative of the controlled structure (i.e., damper at the first

floor)
Recod  Mommalized - p opp poN coc
parameter
Max Disp. 0.90 0.77 0.76
Max Vel. 0.90 0.73 0.81
Max Acc. 091 0.73 0.74
FS Max Base Shear 0.84 0.67 0.76
1 RMS Disp. 0.87 0.42 0.52
RMS Vel. 0.89 0.35 0.41
RMS Acc. 0.87 0.46 0.55
RMS Base Shear. 0.85 0.35 0.53
Record  Nomalized - p Gpe poN coC
parameter
Max Disp. 0.92 0.74 0.82
Max Vel. 0.92 0.76 0.83
Max Acc. 0.92 0.76 0.95
FD Max Base Shear 0.90 0.66 0.81
13 RMS Disp. 0.92 0.65 0.66
RMS Vel. 0.94 0.66 0.64
RMS Acc. 0.93 0.69 0.68
RMS Base Shear. 0.90 0.57 0.69
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4. Conclusions

The MR damper performance was evaluated for three
different configurations of damper location at story height.
Reduction in the maximum roof displacement was investigated
as the output. Moreover, three different control methods were
assessed to determine the control voltage. Results show the
remarkable performance of MR dampers in controlling the
structural vibration and reducing different local and global
performance criteria. Using the COC algorithm with the 1st
alternative of the damper location, the mean of maximum
displacement and acceleration responses were decreased by
20% to 40% for all examined record sets.

References

[1] G. Warburton, E. Ayorinde, Optimum absorber parameters
for simple systems, Earthquake Engineering & Structural
Dynamics, 8(3) (1980) 197-217.

[2] F. Casciati, J. Rodellar, U. Yildirim, Active and semi-
active control of structures—theory and applications: A
review of recent advances, Journal of Intelligent Material
Systems and Structures, 23(11) (2012) 1181-1195.

[3] J. Xu, X. Yang, W. Li, J. Zheng, Y. Wang, M. Fan,
Research on semi-active vibration isolation system based
on electromagnetic spring, Mechanics & Industry, 21(1)
(2020) 101.

[4] S.-G. Luca, F. Chira, V. Rosca, Passive, active and semi-
active control systems in civil engineering, Constructil
Arhitectura, 3 (2005) 4.

HOW TO CITE THIS ARTICLE:

DOI: 10.22060/ceej.2020.17037.6437

M. Fahimi Farzam, B. Alinejad, S. A. Mousavi Gavgani, Statistical Performance
of Semi-Active Controlled 10-Storey Linear Building using MR Damper under
Earthquake Motions, Amirkabir J. Civil Eng., 53(4) (2021): 361-364.

363






785 500 ()] yo (o kien & i

VORe B VOVY Gl VF e Sl o 0)lad Y 0,93 ¢5ueS puol lyas susige 4y pii
DOI: 10.22060/ceej.2020.17037.6437

L s aid Ve Qwu@zﬁJmewJ,ﬁaMﬁs,uTwm
390 9 S 0jg> Y ye5 ) i (pmmblro Jlow y51pe

SE B somge (Jo o wlf de b Fply 8 cad b5l

U‘)“‘ 649‘).6 54\.9‘].6 olKisls ‘@“W 9 LEJ suSlisls ‘ul),o.c LSNW °j)§

162900 4zl s Shae )y g drags o Jlad g Jladpué sla by, 4 S Jladdes J,0S by, sblze Jus 4 Ao
YYAAL-#IVY sl o

VRN 1Y 25,550 S el 48,5 1,8 azgi 0550 (glod S Sjso 4y (Seelind (il byl o ojls ly ST )0 by,
RARRY S I
| YA S0 Cod e laso o oy a0 leisle S 6"” Jowe dllas Q)-.‘.‘ 50 Cewloads &5l C)—‘ ‘Awbé

ol yo (guoliine Sl S0 31 ()T Solasf 7S pslate 4y 5 48,5 )18 )2 )50 Su3i 5 90 059> 435 0,55

RCYVARVAR SRV U

(eoals wlls o i B
Jobanss S Ll A1 58,5 S 53 pogdle oo plondl (gjluand ;o Zelonds 03 5 0 00 J1lg e Jog 5 @dad J S o651 L
Lk Jls 51, Sladlas pl o uiores Canload 433 )5 a5 10 0uls Lo Q?—Jy Joe leslazul b 5 Slae ol  Sloe
e 99 =)

e 1. ()"‘ LS)L"T S )S-L"-C 39° 9 ‘SJQ)-’ 039> (§L®0)95) alises é‘y‘ ol ‘p—‘-'".,);:” u—" )‘ OMT Cewdo G’L»J )l oslazwl l; dalol
S0y 0j9> slaal; i . ’ - g o
S 09> LSLQ‘U)J JB‘ ‘o"‘L’ » s‘*"“b Lo JLW ;‘M S )‘,345 Cow |L)‘)‘L;L> G)L».’LM-‘ ‘w;)‘ﬁw)fb)youJ;uS
J9° %) )
LIS 45 ey a3 0397 5boo,s8 ) oo |y 5, Shas syt (o S s Ol (e )10 1, 5 Shas s i

Ao oo (halS o 3 VY Lavgie ade 4y 3,65 ) dcgesre (pl S | o3l grwly g ol

aie) opl 50 5 ool Oldllae g ol S Galie slas S0,
Jdo as JpuS hgy cpl 00,15 (S0 0529 L caslonds plxl

doddo —)

o Sealus il slayl cod baglasle i)l zals

Sl b S cow b ol bl peizmen 5 Gldail bl pos
a8 LT 5D ol s conl a3 o7 5,Shes wgasme uilS 3
358 dlS ol b g ol cosls (slyls U3 slaosS)
Szl jo gogame Ul J S slajlnl 5l acws cpl s
JW e oSl 3)lge (pam jo (Jo 5wl (63955 S5
Ol sislos JS 1y S o ye (Sealtes (g5 s ond
5% 5 ddgy s ol S (6l saz laig, JLis 4 ke

Al gy VAF e e blgl o Jled JuS saul colys

i 4258 3,50 0lg0m (ST (il 5 (ol sl pslate
s Sag; 5l Glaize Holaie (reem ay el iy J 5 a5 g 05l
ol ol S A Wleo )5 soliul aliss ol b axlge (sl ol
il e Giliee bl b ojle 508 sl is, 5l ool Laowy]
(Jud et Sy ates ¥ ooy bosle J3uS slagts, oS sk @
gl ge (sabib (oS 5 5 Jladaag ( Jlad
Ot 00 oy Py S Jldyd S8 Gl ) eslan

m.farzam@maragheh.ac.ir :oLslse jlsoage ooz ™

(Creative Commons License) s, Soii 31 juilucd cod i ol .ol 0ais 00ls 108 ol olSisls il jLicil 40 50 358> g B oian g5 4 (uilie 3oh>
Auley® oo hittps://www.creativecommons.org/licenses/by-nc/4.0/legalcode o1 5l uilacd cpl Slssa sly ol a8 5 18 ety o i 5o BY NG

yovy



V0% B VAYY dois VFe e Jlo oF o)loud DY 0,95 puS ol )]y wnigo 4y il

57 s ST 5 (Sl sLlie (o5 Lls Jdo 4y S50
Iy ewablse mle adgl 0,5 .conl Jdaas JuS sla g, o
120V Jlo o as ols Caas Tginly 05515 41 ans j0 les o
o V] e s o Jat sla Il g aole ool (69 (o &
Olyes (swdige ) Slyme tnl loj ) Syl 9y90 po ladod
oles 5 ' Solo iz o [T Al (L Sen 5 il Lags
Loads JyuS slagleasbo gl 51 S0 VYV o] cé iy @ g0
S ool 5255 50 Vs 51y pole (o 050 (mrbline Jlw STy
emdige 0595 40 cwizmed VY] cloas asln Yoo Jlo o
axbye b oo Sl cal 1YoV Jle po )b ol sln 58 b
9ok 5l o8b clalsyl S8 lp ez o @ly NS S
DVe] s oslaal 1)L
JAS jshaie 4 punblon glo STy 50 p3 Ll o
S5 adlas 3jee ol ()b gy Lol Jlebdas
JrsS sl gy 90 Yoy e Jlo yo o) Kee 5 T8, lan slas 5
wls a8 wiols ) pesblie Jlw S1e b baojle Jledaas
5 @lralr el ) olin slaghy, s o Ses 5l (Sl
aige Slaws awyp w0 Towe g Selodl V0] el o5l ol
alllae b g o3l 4 b ¥ Lo ojles 0 cwsbliie Jlw 51,00
S LS 625,18 45 o) 4z (pl sl Ol 5 el
oIR8l g 05l o0 Joud BB am yo 05l 8, dg 4y yoie STyee
Lo (2bn byl as, sndicuzr ) Suo3ojs 05)) ()
3,50 dslllas 550 Hlazle 5l adl au o o F1 0 pl (6 051>
o3l Jladdoss JyuS a5 axid 5 ams oyl aisls JI8 o)y
sleajly e o slplatls ol ceblae glo Sl L
2l o e ol 5DV cas coslie Sbp 1L o035 050>

9 oo oolitul o] Jld) Sgupe jolate 4 3 IS (lapiasn

7 Rabinow

8 Spencer

9 Dyke

10 National Museum of Emerging Science and Innovation
11 Dongting Lake Bridge

12 Bitaraf

13 Elmeligy and Hassan

14 Bhaiya

a5 ' Sg5 Dligiod Jolis bnojlo Jlad ]S as) ol
S gt liz! adlsl o g [¥] 0g ¥ cti> slaojle
5 Jud U8 I¥] o 3 e Tl b 1AVY Lo o Jled
S et B 0y plike (S b o]l o &
38k Jlozot EMSas o] 8Ly 655 Bras daptuss ol
Oeizme 9§55l g @lad g A3l o8y pla 4o ST e
Lf] el )15 55 Jlee! s 0 o5ler oges Hlubl oSGl
Wi 6l Jladdass b 5T 5l osliiul o] 12V ans ,o
Jidtiars J 7S s i )0 0] 0 2 jlas 5095 50 Gelas
S Solds opl b eadlyor JUd el J 5 pitas Sl Slanwgs
S melaS (63955 S bl 2 ) 95 sla by cul 08
S slp JW J5s slas oy, a5 el S5 4 oY atl
Ko ooz B Dl 5lS oo 5 (S5 (6550 aie aiejld el
Sl Hlade &y Jlddos J S sl by a5 Jl 0 anilyse (Ds
(Jyore 65L S0 ;0 5 Sy wiz d9a> 50 2STa>) 6550 (o5
1#] ad,ls 5L

Sozy it lizl Jdaes 5 b 7S Glapiaw )3
aiby op pb Sles 5 0aiiS 55 g 5l Olgioe &5 )l
S lapia o8l Sl osliinl b J 7S (59 5 dmloee oS ] S
slapt )Xl Az glyl 59, » slod S Bl all o
S HCOCHLs age Jos 5 @b J5u8 o Bsibld wiile J 8
Gl i )0 pizmed Cawloads ploxl 0 f 5 Sep Sl (S
wle Slae Jod 5l ilisee slo Shoe 5l Glgs oo Jdaas Jyus
e b Sl Jldaass (SBlasl Sliee ¢ bt ool polas
Jes Sle (BR) O Sl Jlw Slhoe oSl oie
Dged oolaiwl 0 uf g MR) bl

wilso (smebliie ile (255 s5iome (supblite o S5
Sewloand LSA5 (9,5 o3l L) mole po Joloee 32, )3 5l as
B oeblise plase Sl cod Sl J2ls mle o5 (sl
Gl oS JRS ) emebline Jlw ajsSans Glgios S

Zuk

Kinetic structures

Yao

Clipped Optimal Control Algorithm
Electro-Rheological (ER) damper
Magneto-Rheological (MR) Damper

AN N D W

yovy



VO VAV dxbwo NP JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

Gin Gan 218055, 5l welioe Glin S (Shy S el
Ll Slae Sialiys pol> Gaiss ploal jo (F) .cwslons oolazul
Gl 0 ol oo I (SO (F) ol oy )3
a5 Sl o S8 e Teledl (m Jldaas 5 Jld S
Sl 605 )1,8 Gl alizee cl> aw addlas (pl 4o (B) .Canloads
oo 5l b caslonds oy pleilo £l )] 8 cmbline Jlow
Canlodds rw Cyozmen (F) 005 asine ol S5 o 510
O e JB U wed &l a5 Sl 0 ol &l ezl
sl e glacdl>
P 4 S Yol pgas jo Slbeusg lal adlsl o
S5 8 CamBge pss 156 g oo il > (glas g Lewdl i
el S 0 ,sSl (Bire A e Cewloalds ool lis 51
Sz Seree slase glgl g et wSby sy anke Jes s
it ol oyt (gmeblins Sl STy 55, (55l o
Gl Jy5uS S drmlne Sz osliinl 890 Luly; Ao (nl 5
Suo3 039> 6o eS ) o Doldl A (gum Ceewnd o Luwloals
e)l...‘;}‘ rnL.\s » b).a.:].m du‘;ﬁj o9 03 =L._>‘.)).v 9° 9
oo 4 bgy e mlis (goae adlhas sl 5l L8 Lceloals
50 Cawlodds 6351 (g5l Jan Wiy, 5l Hlaeb! Capm 48,5 O g0
Cod Gy Ve lliBle SO e o gous aslllae oy
Sygo a4 (Lo )5S, alizee glgil 51 HU Y 0,5 F) alil; 0,65, YA
IS w,sl L g gmnbloe Jbw 51,0 5l oolainl b Jladaas
S s i o)oSl b olen Sy A Jog 5 ol
Y 50 o5l cpl 4 by e lagewly Ll o .cal oays 3 S
oM g 03 45‘)1 JL&SW Oyge A o0l J).».»S 9 odwLS ‘_J),‘.»S
059> LSL‘MJ}I)‘ ;S.‘)Du Cod Lﬁbe)’l...u Zf""l" O Lg)LoT slaslae
039> 3 (ol @ 5) Gpdiuzr 5 @Un Fl b ays o) Sy

| 4.\_‘3)5 C_‘:)}»o 99

X JURIRNIN TN ¢

wlad Yol 5l 5650 o5lu (g5l Jow lp Gipgh cpl o
Wl glad aYolwe 4 Sbowws glyp casloads solaul cl>

O olyise I, soll a>yom b ojle &S o il s aolee

3 Saturation

yovy

Jud lasiles 5o ST ol 005 & Gl alox (T 5l a8
2,8 oylal DAl wb slalolas o [VA]

B 5,55, b oSt alold bl 1 o Jipo; Y200 Jlu
F) 593 5 GiegleST Ve 5l 2eS) oo 092 i g 4 oS
s sloalid; gods il am o [Ve] Wl s (sl ¥+
S gybse 1338 B VRAT (sloJlo Job 55 o2 5 5
N Iyy vl S8 13 adize d>gl Oy50 490 § SO 0j9>
60&93 M.Jo; jf o)’l...u 99 O)S.Lo.: R L ! ulS.llS Yeof JL...J
95 SN b Seop 09> 0,95, ¥ )90 039 3,65, ¥ Co
s g Sl aSly Dby JIL Seo5 059> 0,95, V g ol @
4 55 Gndeiar b Sasp oj slas,sS, o cudl ol S
ool lae aslol jo [YY] axab o oYL copu @08 s ol
sl az 0 Ve o5l o,Shee anllas 40 YV Jlo o o S g
035> 435 5,55, A Coi 5 ompbline Jlws ;STpee 5l oslizal |
09 9 xSl gy Gpdiua b oles,ss) ol Soop
Pra) So3 0je> (s ,eS ) aS wisly lid g anSl y as s
059> slo3,s5) b aslie 15 (s> 4 g, sl b 2les)sS,
IVF] st (0 I8 (59, aiojled 590

3 Gl Oyge 4 g JulS Cladeos jo sl o v (b
o 53 bl Jls e b Lol JUsb 4 555 0355
Slopi ;651 5l eolaul 4 lg co alex ] 51 aS sl o plo]
2 IV 65— coae 5 (Y2 YOI Y 5 ) g4 658 pulas (aiaison
J.Ea)éu.@‘}‘s:l:.]l.la.o L';.,...»‘) wbow.ow o)u\jwjoﬁﬁj
@ Olgioe & A pdy pll 55 ojle g S Syl 388
IYAL 55 o Lal Logas cpl yo TSl Slidss

8 Olllas 3l Gglie 5 atie Dhyge 4 ek pl o
arg 00 adly oy, Cov e oSlee )bl )z
G ol Lol lees (28,5 S5 50 a5 (60,0 ool 4285 )8
5l il )le il oo pleie aiwy cpl Ho (L8 Ollllas Lo 51T
YA) Glizee Slasin b oo )55, 51 cewlive slaws 3l eslanl (V)
oy T 556 anlllas 5 5ol oy sl (Sslite (55 T L o)sS),
Jolie slo i, a5l 4y amgs b (V) o5l cilizee slagely

(@l 515 ol g lod)55) (3505 1iled) (e dyad SIS > (25lo

1 Kalkan
2 Yanik



V0% B VAYY dois VFe e Jlo oF o)loud DY 0,95 puS ol )]y wnigo 4y il

5y i Jog g @dad J 08 o2 98l -

5 ' Sly bawgs lal sy gy Jos 5 gl J5uS ok 58
[¥-11AA Jlo 1o ¥ oiguton Gums o [YAIVAAA JLo jo ]S
Ol s 0 00liial 9365 Belad e Jladdos 508 1
Wlygtens lie 21298 Jlo o o Sen 5 SOl Lawgs iy 55!
a8 Jo o DY) ws 3 Bime slojle slas )5 sl 5 ol
JU gty sl V287 Jlo B 508 slapn oSl 2S]
SoSojlal o ceyw b g (e, b b gloal> dan) <>
cod g B elide b glaosle (o Cesn 5 plraly 380
ol Sal, o plaie a4 cplply ol Jlets (Salus gla )b
Sl gt Gls p @lapn,osl g bagwolid 5l ol
535 6 S0l el i, eIl Cage NNV sges colial
2551 6l Sl .l gloals 5 s o & Cons SLLS
Jhw Sl boolyen 1) 5y gy Jog 5 @lad J3S o 508!
Gl a5 wlools 18 cwy 9590 o5l g ;o ublise
Gl8 5o et ysSl e 5 e 257 el al o] ks
Iry ] sl e ojle slagal

S WS b b g ane loans J S el Gl
39 0jke ot (5 503l lagenly olul o 1y S sl ol 5
4 Jlogl oas (6,503l (595 9 (¥ ) > slad pgo dlolas

sabal; Blhe age JS S5 il iledor aulne (F1) o5l

Fo=a" {_KC(S)X[;}} O

g oo Al O
Jas Spe csg 4 Ke(s) /1(0) 838 akl) jo a8
@ pyY andl il e h ang oS 7S 695 9 LY

L.QT@wagdbgwﬁjo@l)}ly e &S ol [SS

Fo(s)= {'KC (S)|:)I; Ez;j|} ®)

Sy £ sabaly 4 (g5 o0 O salaly 8l 5l 6 S WY

1 Hrovat
2 Butsuen

M +Cx +Kx = Af -MI% o
2,5 ol ) gall) ©)50

5 sl oz XN Gl iy 4 K C s Mo
Jopfsan s gl Sl X Grisres Wil e (S5
oo sl abbioo re) SLd K 9 SS9 o m
oo nx1 g nxm ol gl ey A g B Condgo
Wblge (2B S g S s, Jlesl Cumdse SiLiS

Nlgs oo Loy b pdl et 5 (bt lapiucs Sl 358 Aoles

Z =AZ +Bf +Eig "

Dgd adel Vo gakayly jo ool &l )| > glad 6,8 4

Shgo 4 dS Cwl o 2n Clayloy Z 58 alal) jo 4
7 = X
¥ \p)

D oo a3 ¥ salal,
5 E g B 5 2nx2n olul b piceews o ilo A pimen

4 g s ()3 S, g SRS gy Camdge slam Sl

alayl) &g 4 a5 Wil oo 20 X1 g 2nxm ol glyls o5

a-| ! RN {0}
Mk mlc|” |ma)T r] ®

Ny ge i ye5 (F)
Sl b Glod g jho puple coii 4 T 5 0§98 Slle o
noem polie dsdlas ol jo ozmen a2 oo lid 1) cewlin
Loplr e a0 JrS e <l ol

Led> glpge g

Abbee N plp
iy 8 2l (5L alolns 51 Jol el oSl 4 55
Oezet g o oo Bl ) s ) Sletin cialed 5 00y
aolre ol 5l eolaiul 1A il co V a0 Glie lyls dloles ]
diej 50 ol Kdegh seges JLIIS 50 Jol 0 dolas 4 o

2bos JyS

yove



VO VAV dxbwo NP JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

wabliso Jlow 510 )U8; (g3l oo —F
bl Jl e 5, (i el oIS Sl s
S os abl oo S92 g0 (Kol g (Sobiwl 4l Jow £g5 90
Slp Yol (YL SO idls 3l eolatnl b (Sobiwl s
sladoe ;0 &5 (Jipe ;0 WS (o0 Gt Sl Gl )13, Gules
bliie Jlw Slie (025 )13, bl 2 Ll cnl (Seslos
o yaSe Sygo o il SISy e aell )5 058 oo i)

Mg o0

oS5l s gl Juko —)—F

O Joa & plgi oo (Slinl ad sla s (5550
Sa7e Ol slaJae 5903 0,Lil (g3lge Dlxio Jae 5 (5 970
P S Ol @95 ) Jw Sl plrale —5,0 LS,
S elie S g as e (18, Ol lp &5 (590
ol g 2hb o Sole Jds & g3l Slrae Jow Lyy]
g Sl @185 18 gt JUSI 0550 (597 ()l Joe Cad
) 5l elie s 5 ool Glizmen Lol o)l 2 (69 S
IeY] ses oo @l 31,0

Sl gl Joo -Y-F
Sles Sl (loand lp (Seolies oo sl
a5 oged o)lal pleSin Joo @ Gl os (omrblie Jlw ST
IFFl o3 Byme oKen 5 ssinl Lawgs VAAD Jlo o
4 Seoy slace o ;5 Sl 18, lo )3 Joo (ol (Ul poe
oees Jae 1A) Jlo o TeSlls 5 S5el8 B ol el o
oo &il)| Ll o9 coun [YO] 0 3o 1) pleSis 1 (glasil
s a4 Gfiione b ol Sl 6 5 IS0 4 5L 9 Jow onl oy
il b ST 5l g5 onl L3, siledoe sl 6,500 slayss,
03~ S el (Jow 5l ol s 5 pinl VAV Lo jo Gl
Al s )8 soliial pusblise Jlw 510 8, ojlodcs iy
Gilodow sl TS g bawgs VAPY Jlu o laml Jaw ol adl [¥p
Gyl Sloles )| cos golj] a0 S pitasw o ot e L)

2 Stanway
3 Gamota and Filisko
4 Bouc

Yovo

St Jog 5 b J S i oS 0 Shos 31 Silecd olad ) JSC
[12] 55
Fig. 1. Graphical representation of COC algorithm [12]
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Table 1. Mechanical models of the MR damper
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Table 2. Modified Bouc-Wen model parameters
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Table 3. Parameters of modified Bouc-Wen model for the 3kN MR damper

Parameter Value Parameter Value
Coa 21.0 N.sec/cm Oy 140 N/ cm
Cob 3.50 N.sec/ cm.V oy 695N /cm.V
kg 46.9N/cm Y 363 cm™2
Cla 283 N.sec/cm B 363 om”2
Clp 2.95N.sec/cm.V A 301
k) 5.00N/cm n 2
*0 14.3cm N 190sec”]
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Fig. 2. Idealized sinusoidal pulses: (a) fling-step (Type A), (b) forward-directivity (Type B)(Note: curves are normalized
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Fig. 3. Schematic illustration of the studied structure by
Dyke and Spencer [31]
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Table 4. Comparison of the results of this study and the benchmark study

SC,[;);Z;II Response Type S](?s;ze Value
Roof Dyke & Spencer 0.962

Uncontrolled Displacement Calculated 0.945
(cm) Error (%) 1.76

Roof Dyke & Spencer 0.455

Passive-OFF Displacement Calculated 0.461
(cm) Error (%) 1.31

Roof Dyke & Spencer 0.306

Passive-ON Displacement Calculated 0.285
(cm) Error (%) 6.86

. Roof Dyke & Spencer 0.219
gggﬁf ;11 Displacement Calculated 0.218
(cm) Error (%) 0.45
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Fig. 4. Schematic illustration for the studied 10-story linear shear building in the first configuration case
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Table 5. Ground motion database

a . » PGA PGV PGD Fling
No  year Earthquake Mw Mech Station Comp Source (@) (cm/sec) (cm) Disp.
(a) Near-Fault Records (Fling- Step)
1 1999 Kocaeli SS Yarimca(YPT) EW 3 0.23 88.83 184.84 145.79
2 1999 Chi-Chi 7.6 TH TCUO052 NS 4 0.44 216.00 709.09  697.12
3 1999 Chi-Chi 7.6 TH TCU068 EwW 4 0.50 277.56 715.82 601.84
4 1999 Chi-Chi 7.6 TH TCUO074 EW 4 0.59 68.90 193.22 174.56
5 1999 Chi-Chi 7.6 TH TCU084 EW 4 0.98 140.43 204.59 161.82
6 1999 Chi-Chi 7.6 TH TCU102 EW 4 0.29 84.52 153.88 73.66
7 1999 Chi-Chi 7.6 TH TCU128 EW 4 0.14 59.42 91.05 49.88
(b) Near-Fault Records (Forward- Rupture Directivity)
8 1992 Cape Mendocino 7.1 Petrolia 90 1 0.66 90.16 28.89 -
9 1994 Northridge 6.7 TH Olive View 360 1 0.84 130.37 31.72 —
10 1992 Erzincan 6.7 SS Erzincan EwW 1 0.50 64.32 21.93 -
11 2004 Parkfield 6.4 SS Fault Zone 1 FN 5 0.50 64.15 12.64 -
12 1984 Morgan Hill 6.1 SS Anderson Dam 340 2 0.29 28.00 12.19 -
13 1987 Superstition Hills 6.4 SS Parachute Test Site 315 1 0.45 112.00 52.46 —
14 1979 Imperial-Valley 6.5 SS Brawley Airport 225 1 0.16 35.85 22.39 —
(c) Far-Fault Records
15 1952 Kern County 7.5 TH/REV Taft 111 1 0.18 17.50 8.79 -
16 1979 Imperial Valley 6.5 SS Calexico 225 1 0.27 21.24 9.03 -
17 1989 Loma Prieta 7.0 OB Presidio 00 1 0.10 12.91 4.32 -
18 1994 Northridge 6.7 TH Century CCC 90 2 0.26 21.19 7.85 -
19 1994 Northridge 6.7 TH Moorpark 180 2 0.29 20.97 5.48 -
20 1994 Northridge 6.7 TH Montebello 206 1 0.18 9.41 1.51 -
21 1971 San Fernando 6.6 REV Castaic 291 1 0.27 25.90 4.87 -
(d) Near-Fault Records (Without Pulse)
22 1979  Imperial Valley-06 6.5 SS Bonds Corner 140 1 0.59 46.75 20.21 —
23 1979  Imperial Valley-06 6.5 SS chihuahua 12 1 0.26 24.80 9.29 -
24 1994 Northridge-01 6.7 REV Saticoy 90 1 0.34 31.43 8.95 -
25 1989 Loma Prieta 7.0 OB/REV Capitola 00 1 0.51 38.02 7.06 —
26 1966 Parkfield 6.2 SS Array #3 50 1 0.24 11.30 5.07 —
27 1987 Superstition Hills 6.4 SS Superstition Mtn 45 1 0.58 24.41 2.29 —
28 1994 Northridge-01 6.7 REV Rinaldi 228 1 0.87 150.86 42.68 -

2 Faulting Mechanism = TH: Thrust; REV: Reverse; SS: Strike-slip; OB: Oblique
b Data Source = 1: PEER (http://peer.berkeley.edu/smcat)

2: COSMOS (http://db.cosmos-eq.org)
3: ERD (http://angora.deprem.gov.tr/)

4: (http://scman.cwb.gov.tw/eqv5/special/19990921/pgadata-asci0704.htm)

5: CSMIP (http://www.quake.ca.gov/cisn-edc/idr/parkfield 28Sep2004/idr_dist.htm)
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Fig. 5. Mean and standard deviation of normalized maximum roof displacement for the 1* alternative of the controlled
structure (i.e., damper at the first floor)
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Fig. 9. Time history of roof displacement for uncontrolled and controlled structures with different control methods
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Table 6. Normalized criteria for the 1* alternative of the controlled structure (i.e., damper at the first floor)

Record Normalized P-OFF P-ON COC Record Normalized P-OFF P-ON COC
parameter parameter

Max Disp. 0.90 0.77 0.76 Max Disp. 0.89 0.68 0.74

Max Vel. 0.90 0.73 0.81 Max Vel. 0.88 0.67 0.75

Max Acc. 091 0.73 0.74 Max Acc. 0.91 0.73 0.78

FS Max Base Shear 0.84 0.67 0.76 Far Max Base Shear 0.84 0.57 0.73

1 RMS Disp. 0.87 0.42 0.52 17 RMS Disp. 0.87 0.47 0.44

RMS Vel. 0.89 0.35 041 RMS Vel. 0.90 0.52 0.47

RMS Acc. 0.87 0.46 0.55 RMS Acc. 0.88 0.51 0.46

RMS Base Shear. 0.85 0.35 0.53 RMS Base Shear. 0.85 0.41 0.45

Record  Normalized P-OFF  P-ON  COC |Recod  Tormalized P-OFF  P-ON  COC
parameter parameter

Max Disp. 0.92 0.74 0.82 Max Disp. 0.80 0.54 0.62

Max Vel. 0.92 0.76 0.83 Max Vel. 0.82 0.53 0.72

Max Acc. 0.92 0.76 0.95 Max Acc. 0.81 0.53 0.61

FD Max Base Shear 0.90 0.66 0.81 Near Max Base Shear 0.79 0.44 0.69

13 RMS Disp. 0.92 0.65 0.66 26 RMS Disp. 0.77 0.47 0.55

RMS Vel. 0.94 0.66 0.64 RMS Vel. 0.80 0.36 0.32

RMS Acc. 0.93 0.69 0.68 RMS Acc. 0.80 0.54 0.54

RMS Base Shear. 0.90 0.57 0.69 RMS Base Shear. 0.75 0.35 0.56

YoAo



V0% B VAYY dois VFe e Jlo oF o)loud DY 0,95 puS ol )]y wnigo 4y il

Passive-Off Passive-On Clipped Optimal Control
2
- =
o z
-2
2
e
o
~ - =
Z -
Q
2 2
S
=
5]
0 / g8
) 3
-2
2
/ 4
o
0 D 8
N
2
-40 0 40 -40 0 40 -40 0 40
Velocity (cm/s)

s 4l 55 55100 (6 35 )15 s it 3,95, F i qublio Jlous 15150 (gl 52 518 5905 N+ S
Fig. 10. Hysteresis curves of MR damper under 4 selected records by placing the damper on the first floor

& S 4o = A

(S5 s o s 3 Shae 42 ol anllas sl 9
plaib glralr She Gals o cwbloe Jlw 51
Glin 30050 s 3] 55 Jlebtas S5 (5l 5 Conlons 4551
adlas @ dolol o pizer o 0030,5 colaiwl Ly s o
(B FL) Se033 0555 o o5 5l calises s ¥ co (5l
by 90 05> Goo,sS, 9 (Ao (o sl 4 gy S pdua
Cewloaus

S)lge 4 4dE g0 4 g e ol Cews 4 @l b3 L
g0 0 Lol 43

RS 5o Sl 18 U5 puboliio Jlu 51y %
wlal Aol gSlas pals 5 odle 5 atily bojle L3,
Abloge fgn 555 25 Job JS 5o eile il elS o ol
b 5 & s Sl ] 55 ol inly lS 3o il

o b Sl (nl a5 0,5 dzgh iS5l 4 (Sl Lol Bl eS

de moosSle N o)led 855, ln diged Glye 4 Suslond
Db oo 4l p e LV F/PF 5l P-OFF oY o e pu
b 585y JB8) Sy s las Sl cpl 4 bgye Jlages
5 LF0] sl oo Swsl adsl Slasl 55,0 SG b ol yor 45 el
S5, 8 9 o b w55 4 P-ON 5 P-OFF sl loges
S0 5505 59, 1 e (yrad s 5 Celonh oy Lot 2 35 10
COC laloges 5l sy pas Caloass ools Jlasl COC
ol 33 tblie Jlow Sl (635 Sl 85 355 0 ot
5555 waz;Sle sy o P-ON 3 P-OFF (sl 5 jl5 oo il
SEIY s ) oyl 0,65, gl P-ON s P-OFF i
ol ¥ L5 (00, Slas 035 S Azt 4 5 Col (yiges VVE -
P-ON b 10 gy ke oy jSTlo (paimad el ol
13 ol oo sl e gile YVVY g VV/FF 55 4 COC
Slsicon oy Vo U5 585 psbolan 5 Sl snlis
SJyS 50 i @ Sl o 93 S lie S35 A

calylo 1y jlade o i P-ON 5 COC¢ P-OFF

VoAl



VO VAV dxbwo NP JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

&l

[1]G. Warburton, E. Ayorinde, Optimum absorber parameters

for simple systems, Earthquake Engineering & Structural
Dynamics, 8(3) (1980) 197-217.

[2] M. Morales-Beltran, P. Teuffel, Towards smart building

structures: adaptive structures in earthquake and wind

loading control response—a review, Intelligent Buildings

International, 5(2) (2013) 83-100.

[3] A. Yanik, U. Aldemir, A Short Review on the Active
Control Approaches in Earthquake Engineering at the
Last 10 Years (2008-2018), International Journal of
Engineering and Technology, 11(2) (2019) 111-118.

[4] F. Casciati, J. Rodellar, U. Yildirim, Active and semi-
active control of structures—theory and applications: A
review of recent advances, Journal of Intelligent Material

Systems and Structures, 23(11) (2012) 1181-1195.
[5] J. Xu, X. Yang, W. Li, J. Zheng, Y. Wang, M. Fan,

Research on semi-active vibration isolation system based
on electromagnetic spring, Mechanics & Industry, 21(1)
(2020).

[6] S.-G. Luca, F. Chira, V. Rosca, Passive, active and semi-
active control systems in civil engineering, Constructil

Arhitectura, 3 (2005).

[7] P.P. Phule, Magnetorheological (MR) fluids: principles
and applications, Smart Materials Bulletin, 2001(2)
(2001) 7-10.

[8] B. Spencer Jr, S. Dyke, M.K. Sain, Magnetorheological
dampers: a new approach to seismic protection of
structures, in: Proceedings of 35th IEEE Conference on

Decision and Control, IEEE, (1996) 676-681.
[9] B. Spencer, J.D. Carlson, M. Sain, G. Yang, On the

current status of magnetorheological dampers: seismic
protection of full-scale structures, in: Proceedings of the

American Control Conference, IEEE, (1997) 458-462.
[10] S. Dyke, B. Spencer Jr, M. Sain, J. Carlson, Seismic

response reduction using magnetorheological dampers,
IFAC Proceedings Volumes, 29(1) (1996) 5530-5535.
[11]S. Dyke, B. Spencer Jr, M. Sain, J. Carlson, Experimental

verification of semi-active structural control strategies

YoAY

59> 51 @b Oy 5 oog ojle S5 4 508 sl Jlee 55
U

O (o) ojbe aib il 5o STee 05,13 %
WS o bl ] ol el o ralS o i g anils 1) o Sles

Sl 122,55 don Zooxi (J 7S 5y (om0 (g O e
Jog 5 oo S8 02,55 o 5 4 s § 0052 Passive-On
il o Passive-Off g 5Ly aig

9 3y e )0 (B9, 50 b (IS e 0 Shos 0 e
GO9S 09> slwd )8,y S Sliae (652518 Cuxdse o L
L Seo3 059> slas,s8 ) S b 0 See (p iy g WBbos 410
e &) sl gy Sre

253 e 870,50 LISl 4 Bl oo (IS Djg0 4 3
alS 50 e 50 o a4 g aib o] 5l S 18 S glaad
2dlss pogele ojle gl

Oygo 4 yiSTas 5Ly L Passive-On iy, a5 ol 5l s
255 Lol 0398 stwsisions B T g 0,Shas 10 w8 oo IS e
dog Jog 9 @had JuS by, o5 Sl 9090 (nl 4 4 g e
Jsd JB o Shee calazd ja 55 a5y LSl 0925 L 5L
CS 9SG 5L 5l eslaiwl pae oy as ails o5l el als yo
3l Sge i pee il o Wl oo 62T

logeoly Slapn Silin a5l o 1) bS5 oy b %
, Passive-On cll> ax 5145 5, o &5 ol 4 ol e
Jsb 53 WS 515 51 Ll S o e i ol o SLo ials
s 3 b 55 oS alie 50 ke Lo a1y olej JS
sals o Passive-On o ,¢8! lises andl o)l 5y ang
Syse lapie sl pled Sl e al vy Sluye (2Sle ala
Ll 035 o (o) 2

Sl 5 obals Ful (2alS glojles Slalllas ,o a5 Sl )
5 slosle Glizl @l Uy 6oy 2 1 580 e S &
sty g 5 el S oS ooliiad b il slojle et
Loy bl 4315 18 ol dicls 1o (S50 45 e 5 95
aod Co doys Fr b Y o | gl g0 ol polie lgie

Sl mals s ,eS



V0% B VAYY dois VFe e Jlo oF o)loud DY 0,95 puS ol )]y wnigo 4y il

Forward-Directivity Characteristics on Seismic Response
of Base-Isolated Buildings, Journal of Earthquake
Engineering, (2018) 1-20.

[22] M. Mastali, A. Kheyroddin, B. Samali, R. Vahdani,
Optimal placement of active braces by using PSO
algorithm in near-and far-field earthquakes, International
Journal of Advanced Structural Engineering (IJASE),
8(1) (2016) 29-44.

[23] E. Kalkan, S.K. Kunnath, Effects of fling step and
forward directivity on seismic response of buildings,

Earthquake spectra, 22(2) (2006) 367-390.
[24] H. Ghaffarzadeh, E.A. Dehrod, N. Talebian, Semi-active

fuzzy control for seismic response reduction of building
frames using variable orifice dampers subjected to near-

fault earthquakes, Journal of Vibration and Control,
19(13) (2013) 1980-1998.

[25] A. Bathaei, S.M. Zahrai, M. Ramezani, Semi-active
seismic control of an 11-DOF building model with
TMD+ MR damper using type-1 and-2 fuzzy algorithms,

Journal of Vibration and Control, 24(13) (2018) 2938-
2953.

[26] A. Bathaei, M. Ramezani, A.K. Ghorbani-Tanha, Type-1
and Type-2 fuzzy logic control algorithms for semi-active
seismic vibration control of the college urban bridge
using MR dampers, Civil Engineering Infrastructures

Journal, 50(2) (2017) 333-351.

[27] M. Bozorgvar, S.M. Zahrai, Semi-active seismic control
of buildings using MR damper and adaptive neural-fuzzy
intelligent controller optimized with genetic algorithm,

Journal of Vibration and Control, 25(2) (2019) 273-285.

[28] A. Yanik, Seismic control performance indices for
magneto-rheological dampers considering simple soil-
structure interaction, Soil Dynamics and Earthquake
Engineering, 129 (2020).

[29] D. Hrovat, D. Margolis, M. Hubbard, An approach
toward the optimal semi-active suspension, Journal of

Dynamic Systems, Measurement, and Control, 110(3)
(1988) 288-296.

[30] T. Butsuen, The design of semi-active suspensions

for automotive vehicles, Massachusetts Institute of

YoAA

using acceleration feedback, in: Proc. of the 3rd Intl.

Conf. on Motion and Vibr. Control, (1996) 291-296.
[12] S. Dyke, B. Spencer Jr, M. Sain, J. Carlson, Modeling

and control of magnetorheological dampers for seismic
response reduction, Smart materials and structures, 5(5)
(1996).

[13]1 H.-J. Jung, [.W. Lee, B.F. Spencer Jr, State-of-the-art of
MR damper-based control systems in civil engineering
applications, in: Proceedings of US-Korea Workshop on

Smart Infra-Structural Systems, (2002) 23-24.

[14] B. Spencer Jr, S. Nagarajaiah, State of the art of structural
control, Journal of structural engineering, 129(7) (2003)
845-856.

[15] M. Bitaraf, O.E. Ozbulut, S. Hurlebaus, L. Barroso,
Application of semi-active control strategies for seismic
protection of buildings with MR dampers, Engineering

Structures, 32(10) (2010) 3040-3047.

[16] O.M. Elmeligy, M. Hassan, Optimum Allocation of
MR Dampers within Semi-Active Control Strategies
of Three-Degree-of-Freedom Systems, International

Journal of Recent Contributions from Engineering,

Science & IT (IJES), 4(4) (2016) 45-49.

[17] V. Bhaiya, S. Bharti, M. Shrimali, T. Datta, Performance
of Semi-actively Controlled Building Frame Using
MR Damper for Near-Field Earthquakes, in: Recent

Advances in Structural Engineering, (2)(2019) 397-407.
[18] G.J. Hiemenz, Y.T. Choi, N.M. Wereley, Seismic control

of civil structures utilizing semi—active MR braces,
Computer[ | Aided Civil and Infrastructure Engineering,
18(1) (2003) 31-44.

[19] X.B. Nguyen, T. Komatsuzaki, Y. Iwata, H. Asanuma,
Robust adaptive controller for semi-active control
of uncertain structures using a magnetorheological
elastomer-based isolator, Journal of Sound and Vibration,
434 (2018) 192-212.

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

[21] S. Bhagat, A.C. Wijeyewickrema, N. Subedi, Influence
of Near-Fault Ground Motions with Fling-Step and



VO VAV dxbwo NP JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).m.:

using multiple MR dampers, in: Proceedings of the 2nd

international workshop on structural control, (1996) 163-
173.

[40] S.J. Dyke, Acceleration feedback control strategies
for active and semi-active control systems: Modeling,
algorithm development, and experimental verification,
(1997).

[41] A. Kaveh, S. Mohammadi, O.K. Hosseini, A. Keyhani,
V. Kalatjari, Optimum parameters of tuned mass dampers
for seismic applications using charged system search,
Iranian Journal of Science and Technology. Transactions
of Civil Engineering, 39(C1) (2015).

[42] C.-W. Lim, Active vibration control of the linear
structure with an active mass damper applying robust

saturation controller, Mechatronics, 18(8) (2008) 391-
399.

[43] A.H. Heidari, S. Etedali, M.R. Javaheri-Tafti, A hybrid
LQR-PID control design for seismic control of buildings
equipped with ATMD, Frontiers of Structural and Civil
Engineering, 12(1) (2018) 44-57.

[44] American Society of Civil Engineers, ASCE 7-10
(Minimum Design Loads for Buildings and Other
Structures), Reston, Virginia, (2010).

[45] R. Zemp, J.C. de la Llera, H. Saldias, F. Weber,

Development of a long-stroke MR damper for a building

with tuned masses, Smart Materials and Structures,
25(10) (2016).

Technology, (1989).

[31] S. Dyke, B. Spencer Jr, A comparison of semi-active
control strategies for the MR damper, in: Proceedings

Intelligent Information Systems. 11S'97, IEEE, (1997)
580-584.

[32]L.M. Jansen, S.J. Dyke, Semiactive control strategies for
MR dampers: comparative study, Journal of Engineering

Mechanics, 126(8) (2000) 795-803.

[33] G. Yang, B. Spencer Jr, J. Carlson, M. Sain, Large-scale
MR fluid dampers: modeling and dynamic performance
considerations, Engineering structures, 24(3) (2002)
309-323.

[34] R. Stanway, J. Sproston, N. Stevens, Non-linear
identification of an electro-rheological vibration damper,

IFAC Proceedings Volumes, 18(5) (1985) 195-200.

[35] D. Gamota, F. Filisko, Dynamic mechanical studies
of electrorheological materials: moderate frequencies,

Journal of rheology, 35(3) (1991) 399-425.
[36] B. Spencer Jr, S. Dyke, M. Sain, J. Carlson,

Phenomenological model for magnetorheological
dampers, Journal of engineering mechanics, 123(3)
(1997) 230-238.

[37] G.C. Foliente, Hysteresis modeling of wood joints and
structural systems, Journal of Structural Engineering,
121(6) (1995) 1013-1022.

[38] F. Ikhouane, J. Rodellar, Systems with hysteresis:
analysis, identification and control using the Bouc-Wen

model, John Wiley & Sons, (2007).

[39] S. Dyke, B. Spencer Jr, Seismic response control

Amirkabir J. Civil Eng., 53(4) (2021): 1571-1590.

DOI: 10.22060/ceej.2020.17037.6437

S oolatul 5 &jle sl alae cpl gl )l 6l
M. Fahimi Farzam, B. Alinejad, S. A. Mousavi Gavgani, Statistical Performance of Semi-
Active Controlled 10-Storey Linear Building using MR Damper under Earthquake Motions,

YoAd






