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2 Active Tuned Mass Damper
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Fig. 1. Performance evaluation by endurance time (ET) method
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Table 1. Specifications of GM1 set accelerograms

DATA Earthquakes Magnitude Station Component PGA Scale
name (Ms) number (deg) (cm/s*2) factor
& YAAY Landers Vi VY1 EY VA0 ¥ EYYA
VN VAS Loma Pricta vid DA-$0 Fa¥0 VEFPY
ANYAY Northridge ik YEYVA vs. 8- Y R
SEYEAY Morgan Hill 7! DVYAY 1. YA« ¥ VAY'S
VAV AS Loma Pricta vid Y- 5V YFa,) Y YeF
Ve VAR Loma Prieta A OANYD A FYYN Y YAQ
V- VAR Loma Prieta vih \FOY YY. Yy f Y 5.aY

ASCE41-06 sk zobw jd (ol <ol ps .Y Joua

Table 2. Scale coefficients at ASCE41-06 risk levels
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Fig. 2. ASCE41-17 regulation spectrum, the scaled spectrum of the average set (GM1) and e series of
mean Scale range at different risk levels
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Table 3. Target time of the endurance time acceleration function at ASCE41-17 risk levels
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Table 4. Mass and hardness values of the structure
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Fig. 3. 11-story structure equipped with an active mass damper
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Fig. 6. Membership functions for the active output power variable
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Table S. Fuzzy control rules

Velocity
Displacement IN N 7 P
LP

NS NS NM NL NL
LP — _— — — —
0.1 0.9 0.9 0.9 0.1

P NS NM NM NM NL
0.9 0.8 0.6 0.8 0.9

7 PS ZR ZR ZR NS
0.7 1 1 1 0.7

N PL PM PM PM PS
0.9 0.8 0.6 0.8 0.9

PL PL PM PS PS

ZN — — — — —
0.1 0.9 0.9 0.9 0.1
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Table 6. Scale coefficients of fuzzy control functions (Mamdani).
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Fig. 8. Block diagram of fuzzy intelligent control simulation for a structure equipped with an active
mass damper

kobe d3)j Cow disb b o abrls ¥ Jgin

Table 7. Relative drift of each floor under the Kobe earthquake

IS lale Lond JS alule Cond s oy

X [XOA R JUity SibwJow
) [+ 08 +IAY ¥
Y SARN < IAY 7.
Y AN -1V 7.
f - IYYY -IvAa ¥
A - IYAY - IVY Y.
14 -IYYY A A
\4 - IYAY IV A
A SARR! - IVY o
) -[fOY - IV Y.
Ve -IFYY - IVY Y.
" AR - IVY V7.

Yve)y



TYO+ U YYYY dorto AFe e Jlo A ojladds DY 093 pusS yuol (o cwdins 4 i

o
~

————— Before Rehabilitation

With ATMD
After Rehabilitation

With ATMD

placement ém)

Roof Dis
©
N

-0.4

0 20

40 60

Time (s)

Northridge 5,55, Cov (gjlwa 5l srs g Jd 31 dib gledls duglio A JSWS
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Fig. 10. Comparison of last floor drift before and after improvement under ETA20e02 record
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Fig. 11. Performance curve of the 11-story
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Fig. 13. Displacement of floors under endurance time acceleration functions (ETAFs)
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Fig. 14. Drift between floors under the endurance time acceleration functions (ETAFs) and average 7 records at
the BSE-1 and BSE-2 risk levels in the structure before the improvement.
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Table 8. Error percentage of results of endurance time analysis compared to real earth-
quake results for relative floor drift

s o %50/50year BSE-1 BSE-2
[CERWPR [CERWI [ICER VWP
KET) IZERWIK) s woyo oy oo )0
o 38 318 N
s3bwas | S3bwas 5l o s3bwas
G G G
\ Ay AR7As Uy /& INANN bley
Y Yo Ve lv YIY -/ ¥4 VoIYY
Y Yo \Y/# Yo A YNY YIve
¥ Y/ Ve /A O/A \Y/F YIYA fIvY
A \YI¥ \PIY £Iv Y IR ALY
4 oY Y ZIA AIY INARS VIYA
Y 210 AIA Uy YIA OIYY \Y/.¥
A \RVid ARTA /Y \o/f YIfY \Y/AQ
! \VI¥ YA V¥ AA \-IVY FIfO
\e \YIY AAPAN Vo/4 \A} AL /66
"N VYA \YIY ARA A \¥/-# /¥

5,5 0)lsl gty Jib ooy 55T yme 5l olisl &)y

Y Cans 3 d -1 )
oelE 8 i
il S €
Slpe o 2o pp M

JrsS oy T

Xlo
[17 J. Yao, Concept of structural control, Journal of the
Structural Division, 98(st 7).(1972)

yvey

&S Gygo 5D odwwy 4ol ol jlxe 3905 4 adl A/SB(S) yloj 4o Jlad
Obej ol cpl & casl 035 4l FIVN(S) Gloj ! (il I S
38des Jlb oxigd walals copx )S1pme Sl o3kl cand oo (LS o5l plg>
Sl anled e 1) o5l

ol b otz ol Hld,y cw Gio cublB l ple oy yog, -V
A5l o g5 1y b pJUT slass

Sy @y o5 ojl Gl Glajlgel Sy X9y duglis jlaS-F
b gl 8,8 aos e o oad Qb cuslolis can 4 €
1) sl catlSioli (sl ) 5 B (53 ol oo i 5
Gl o 3 VA Sl gl (glyly g 02l

@bl 3 She Gl @ g gl 3)90 > (IS @90 40
3 el ol cdyd ST dgas 4 a3l BG4 g BT aib



YYA+ YY) dxbo MY - Jl.u) A b)lo..m LY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

Tapered Steel Slit Dampers in Steel Structures Using the
Endurance Time Method, Structural and Environmental
Engineering Computing, Civil-Comp Press, Stirlingshire,
UK, Paper 49, (2013).

[13] A. Shirkhani, I.H. Mualla, N. Shabakhty, S.R. Mousavi,
Behavior of steel frames with rotational friction dampers
by endurance time method, Journal of Constructional

Steel Research, 107 (2015) 211-222.

[14] H. Riahi, H. Estekanchi, S.S. Boroujeni, Application
of endurance time method in nonlinear seismic analysis
of steel frames, Procedia Engineering, 14 (2011) 3237-
3244,

[15] MathWorks MATLAB. SIMULINK for technical
computing; (2017).

[16] H. Estekanchi, H. Vafai, Seismic analysis and
design using the endurance time method, Volume II:
Advanced topics and application, Momentum Press,
(2018).

[17] ASCE/SEI41-17, Seismic rehabilitation of existing
buildings, American Society of Civil Engineers,(2017).

[18] FEMA 356, Prestandard and commentary
for the Seismic rehabilitation of  buildings,
Federal emergency management agency, (2000).

[19] H. Estekanchi, A. Vafai, V. Valamanesh, A. Mirzaee,
A. Nozari, A. Bazmuneh, Recent advances in seismic
assessment of structures by Endurance Time Method, in:
Proceedings of a US-Iran—Turkey seismic workshop—
seismic risk management in urban areas, PEER, report,
2011, pp. 289-301.

[20] M. Sarcheshmehpour, H.E. Estekanchi, M.A. Ghannad,
Optimum placement of supplementary viscous dampers
for seismic rehabilitation of steel frames considering
soil-structure interaction, The Structural Design of Tall
and Special Buildings, 29(1) (2020) e1682.22.

[21]R.W. Clough, J. Penzien, Dynamics of structures,
McGraw— HM, (1975).

[22] X. Wang, D. Yun, Force feedback control method of
active tuned mass damper, Shock and Vibration, (2017).

YYEA

[2] O. Akyiirek, N. Suksawang, T.H. Go, Vibration control
for torsionally irregular buildings by integrated control

system, Engineering Structures, 201 (2019) 109775.

[3] J.C. Chang, T.T. Soong, Structural control using active
tuned mass dampers, Journal of the Engineering
Mechanics Division, 106(6) (1980) 1091-1098.

[4] S. Aizawa, Y. Fukao, S. Minewaki, Y. Hayamizu, H. Abe,
N. Haniuda, An experimental study on the active mass
damper, in: Proceedings of Ninth World Conference on

Earthquake Engineering, 1988, pp. 871-876.

[5] A. Farzampour, A.K. Asl, Performance of tuned
mass dampers in vibration response control of base-
excited structures, Journal of Civil, Construction and

Environmental Engineering, 2(3) (2017) 87-94.

[6]A. Yanik, U. Aldemir, M. Bakioglu, A new active control
performance index for vibration control of three-
dimensional structures, 62

(2014) p-53-64.

Engineering Structures,

[7] B. Jiang, X. Wei, Y. Guo, Liner quadratic optimal control
in active control of structural vibration systems, in: 2010
Chinese Control and Decision Conference, IEEE, 2010,
pp- 3546-3551.

[8] O.

Performance evaluation of a reinforced concrete building

Akytirek, N. Suksawang, T.H. Go, H. Tekeli,

strengthened respectively by the infill wall, active
and passive tuned mass damper under seismic load,

Computers & Structures, 223106097(2019).

[9] S. Pourzeynali, H. Lavasani, A. Modarayi, Active control
of high rise building structures using fuzzy logic and
genetic algorithms, Engineering Structures, 29(3) (2007)
346-357.

[10] H.E. Estekanchi, H. Vafai, G. Ahmadi, M. Mashayekhi,
M .Harati, S.A. Mirfarhadi, A state-of-knowledge
review on the Endurance Time Method, arXiv preprint
arXiv:1910.047592019),).

[11] H. Estekanchi, A. Vafaei, A.M. SADEGH, Endurance
time method for seismic analysis and design of structures,

Scientia Iranica, 11 (2004) 361-370.
[12] A. Mirjalili, H.E. Estekanchi, M. Fakhri, Operation of



YYA+ B YVYYY dxbw Moo JL‘“ A o)l.o..«f': HY 0)9 ‘)A.AS).:AI ul)o.c Uw.\...e(c d..;).aw.:

w3 £yl o o 4 digR>
M. Z. Samani, M. A. Shayanfar, M. R. Karbasi, Investigating the Effect of Active Tuned Mass
Damper on the Endurance Time Diagram of Tall Buildings, Amirkabir J. Civil Eng., 53(9)
(2021) 3731-3750.

DOI: 10.22060/ceej.2020.18083.6761

¥vea







	Blank Page - FA.pdf
	_GoBack




