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Fig 1. Modeling of the initial structure in ETABS
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Record Station PGA Mw
(®
Chi-Chi, Taiwan | TCU084 1.16 7.6
Chi-Chi, Taiwan | TCU065 0.789 7.6
Cape Mendocino | Cape Mendocino | 1.43 7
Coalinga-05 Oil City 0.841 5.8
Imperial Valley- | Elcentro#5 0.528 6.5
06
Imperial Valley- | Elcentro#8 0.602 6.5
06
Kocaeli, Turkey | Izmit 0.22 7.5
Loma Prieta BRAN 0.64 6.9
Morgan Hill Coyote Lake | 1.3 6.2
Dam
Nahanni Site 2 0.45 6.8
Northridge Sylmar- 0.897 6.7
Converter
Station
Northridge Sylmar-Olive 0.843 6.7
View
San Fernando Pacoima Dam 1.24 6.6
Nigata NIGHI11 0.59 6.63
Kobe Nishi-Akashi 048 6.9
Gazli, USSR Karakyr 0.71 6.8
Bam Bam 0.8 6.6
Tabas Tabas 0.85 7.35
Manyjil Abhar 0.51 7.37

Table 1. Records properties
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Fig. 2. Finite element models in Perform software, structures with a) Pall damper b) Viscous damper c) Seismic isolator
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Fig 6. The time history curve of roof horizontal displacement in design earthquakes in structures with a) Viscous damper b) Pal
damper c) Seismic isolator d) Maximum values of horizontal displacement

S WD o -8
sie > Slas el bl o G ) Bl s e slassla
syl bl gl 3 slasl dleds &b (6551
L;LG&.L'..ZS Wl sl Jlas! a)'Lw o9l U"’Li'i‘ YA
3800 o g 0B b b Gl cnl el 65

% Lf’li))‘ LS\J" RGDUO BPSS - L;’L.’.)J‘ LQJL: U'»i‘ o L&éJL«J



v b 03 G5 e 3 Sas el Sl eslinad wy

lee)) )LJJ;- (CJL“’ vs&]a..al Jflj:n (u )_,i...ﬁ) ;\J:A (;L“ 6‘)‘) 6[.&5)@ BE IDA Q’N v JS..Z

2.5 35

3

1.5

Sa (g)
Sa (g)

0.5

0 0.05
MAX. Drift

0.1

(d

0

(<

3

2.5

2

Sa(g)

1.5

1

0.5

0

0.05 0.1

0 Max. Drift -

Max. Drift

(A

Fig. 7. IDA curve in structures with a) Viscous damper b) Pall damper ¢) Seismic isolator

Oloa L jasin 5 Slas sl 5l Laesle WA RN [PCS
fragility = b ol ol Sase el ojle Sl
(owtige Lol i, EDB 01 s «5 P(EDP > AC|IM)
bl syl Glos ) 5L was IM 5 gu- - AC
ol dO i g eslinad s Shas -5l S sla s
2 Sl o 4 S L 3 CP i sk 5 LS Sl
s Ol e 4sy] % ol (sl FEMA 365 asl oyl el
Aleessal,CP LS JO:;LQ;O‘EMJUL?U,;@_):
SIS e S Jlaal s 8 ks 3 vvd e Y ) L
5 38 hee sl 5l il b slaclns s Ll

el 0l 03ls OLES(A) S

ol Lea Solate yslie Gasw cpl Bl 5,50 o3le an
Sl (4l 1A 35 o siaS Jb Saol S (slyls
goile 5 VT ) 2 Gomn 555wy Sl gl
JJ_JLE.A (\‘\i 4.;4[.7) JJ‘J \) "}"ﬁ L«"»"J:'W-" LS“’JJS )L..:‘J;- 6‘)‘.}
Lg.i}fc)?MLyfuﬁjﬁ)dsw‘ui‘ﬂf‘uﬁ\w
Sa o s asle s 5ils b e Sle el ool L i
O i cl S loy ) slalas glols gosle s yasis
35 kb it s als bl oyl 4 il besle sl
Solulaz o3l 51 31w slyls sleesl gl o IDA (sla oo

JL.’J)‘ DL IDA 6L§d~>r..a L;L«ﬁ‘ Jj)ls el J:u:..:’ ol

Sl Sl (7 J (Sl 31 (0 555 s ST (Cll sls slaeslu s (Ssls s A S8

= 0.7

[EDB>IM

10 Norm. Dist
L]  meme——- LS Norm. Dist

----- CP Norm. Dist

P
0.9
0.8
—0.7
= 0.6
M 0.5 ,l
m 0.4 j—o—10
= J—eo—1s
0.3 ; p
/,
02 4 10 Norm. Dist
0.1 , === LS Norm. Dist
0 coedeeess  ————- CP Norm. Dist
0 0.5 1 1.5 2 2.5
Sa(g)

A¢



\i'VJL«:/VAJLA.; f}«d)&um“é)jé

oot Ol jes pwdige b gi— ole doe

(sﬁ (J|
1l ——h 22— S H—0—0—6—9-60-0-00_5=0-0006666-¢
0.9 / / -
. / prd
/ y
0.8 /! ’
) J
— 0.7 : II //
= 0.6 | ,’ , =010
— U. ] ,
é 05 | II’ / LS
a | g
E 0.4 ’I ,/ CP
=03 / ,,’ 10 Norm. Dist
02 : ',' ) LS Norm. Dist
o1 /I /’/ ----- CP Norm. Dist
0 &= £l =37
0 0.5 1 1.5 2 2.5
Sa(g)
@

Fig. 8. Fragility curve in structures with a) viscous damper b) pall damper c) seismic isolator
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Abstract

There are different ways to design energy dissipators. According to the type of performance of these
elements, it is better to adopt the design method according to the consumed energy in order to
determine what load should be considered as the design load for the energy-dissipating elements so
that these elements have the best seismic performance. One of these methods is the use of energy-
based performance index. This method is usually used to design pall friction dampers. In this research,
it has been tried to use this method for a 12-story reinforced concrete structure of friction dampers,
viscous, and seismic isolators of the lead rubber support type, and their performance is investigated.
Based on this, for the earthquake records, the energy-based performance index has been calculated
and the optimal design load has been calculated for these three energy wasters. Structures with
optimal design load are subjected to dynamic loads and the contribution of elements in energy loss
and their fragility curve have been evaluated. The results show that in a constant spectral acceleration
(Sa), the probability of exceeding the specified performance level of a structure with a friction damper
that is designed on this basis is lower than other structures. Also, in the acceleration of the design,
the seismic isolator has wasted more energy than the other two structures. The results of the horizontal
displacement of the roof compared to the foundation of the structure show that despite the fact that
the structure with seismic isolator has experienced more maximum horizontal displacement values
than the other two structures, but the amount of residual displacement in this structure is less than the
other two structures. The structure with the viscous damper has experienced more displacements than
the structure with the pal friction damper. Examining the fragility curves of the structures designed
with this method has shown that the structure with Pal friction damper in a specific spectral
acceleration has a lower probability of overturning than the other two structures. Friction of Pall,
Viscous and isolated structure is calculated as 15, 31 and 67%, respectively. It should be noted that
according to the period of the structure, the value of Sa in the isolated structure is lower than the other
two structures. Examining the amount of wasted energy in structures under the design earthquake
records shows that the highest amount of wasted energy is related to energy dissipaters and these
elements have wasted much more energy than beams and columns. The average amount of wasted
energy in the earthquake records of the design shows that the seismic isolator consumed the most
energy compared to the other two absorbers (11% more than the Pal friction damper and 3% more
than the viscous damper). The value of the optimal performance index for three structures with pal
friction damper, viscose and seismic isolator in the values of 0.45, 0.41 and 0.51, respectively, have
provided the most optimal design load value. The optimal load value of the design in the Pall friction
damper is lower than the viscous damper and in the seismic isolator is higher than the other two
structures.

Key words: Pal damper, viscose, seismic isolator, energy-based performance index, reinforced
concrete structure
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