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1. Introduction
alln DDBD procedure, a frame building is represented as a

In the forcebased design method, sections are designed in a o
singledegreeof-freedom system (SDOFBy considering a

way that in all stories link beams reach their yielding capacity.d ion disol ) | to thexi ¢
esign displacement equal to ximum response of a

This approach is also referred to fasce-control design. In i . .
SDOF and the corresponding ductility, the equivalent

this method, the base shear is distributed linearly in height™.

with respect to the first shape mode. However, it is |oossibleVISCOUS damping( ) is calculated. Then, the structure

that the intesstorey drift controls the design. Therefore, the Period (Y) is determined from the displacement spectrum
direct displacement based design method imasduced to @t the equivalent iscous damping. Afterwards, the
address this issue. Furthermore, in the fiiased seismic  Structures stiffnessKg) is calculated by equation 1 for a
design, the structure is modelled based on the elasti@iven effective massnt). By multiplying the stiffness in
properties and the effects of yielding are neglected. On thdhe design displacement, the design base shear ) is
other hand, in DDBD approach, the structure is modellegd€términed by equation 2.

based onthe secant stiffness evaluated at the maximum PR é(_ 1)
displacement{\q, for a given equivalent damping, accounting Y

for elastic and hysteretic damping in the nonlinear response. -
This method is a performanbased design method which
was introduced by Priestley [fdr the first time for designing

RC structures. Figure 1, shows the direct displacement baseg,o ppDBD method was first developed to design SDOF
design procedure. systems considering the substitute structure confdpt

) 03 )
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and Pavese (1999) presented a formulation for designing by employing the Jacobsen method. Then, the effective

RC structureswhich was then modified by Priestlg].
This method was extended by Harris (20@r moment

period of the system is determined from the inelastic
displacement spectrum at the hysteretic damping value.

resisting system, Yavas (2006) for sheall system, Afterwards, the effective mass and stiffness are calculated
Garcia efal. (2010) for dual system (momemgsisting and  and nonlinear time ktorey analyss is carried out.
shear wall), Wijesundara et al. (2011) for concentrically Convergence is achieved if the displacement obtained by
braced frame (CBF) and Yahyand Rezayibana (2017) the analysis and the target displacement are identical.
for special concentrically braced frame (SCBR)3]. Otherwise, another value for damping is assumed and this
procedure is repeated until convergence occurs and the
final damping value is taken as the equivalent viscous

ns Ag

5
esign Displacement
Al \a ﬁ“ﬁ"“zw damping. They proposed equatidh denoted here as
Ag=g VeZ BB . . . .
, N } B standard expression to estimate the equivalent viscous
- / - T damping of steel frames.
5 = i e L P
/ - T8IV T® X %— (3)
Fy my Ay :
’ : : / oo | [ 5
T Ag P
;- i One drawback of this method is the large number of

(a) MDOF to SDOF Substitute Structure (b) Equivalent Linearisation of SDOF System

frequent referenceof the displacement spectrum. Yahyai
and Rezayibana (2015) proposed the revised effective mass
(REM) method to reduce theomputational effort of

D wa i methbd48]. This method is shown in figure 2.

[ Select a SDOF system and determine yield displacement (4,)

(c) Displacement Ductility

(d) Displacement Response Spectra l

Select a ductility level () and calculate displacement level (A}
A= pdy

v

Fig. 1: Direct displacement baselésign procedure [

As discussed earlier, the most important parameter of the Y ———
DDBD is the equivalent viscous damping. The equivalent T

viscous damping is the sum of the elastic damping and the
hysteretic damping of an equivalent SDOF system(

Effective stiffness (Kozr)

Obtain F,, corresponding to 4, from hysteretic response and calculate ]

K,,,:ﬁ

B B ). Theequivalent viscous damping depends on the T
structural system, ductility(, the elastic damping and Calculate dampiag by means of a standard expression
whether it is defined based on the initial stiffness or the T
secant stiffness. It is necessary to select a dudehtgi for ({ Rend effective period (7.} with resard 1o A and £ from dampeil speciruam_|
designing a structure, whethéar the entire structure or !
specific elements. Then, by using relatiopshi or - J
equivalent damping chartierived based on ductility and T
structural system, the equivalent viscous damping for an ]
SDOF system is determined. Jacobsen (19&@)ducted ( Perform nonlinear time history anlysis (NTHA) J————
research o evaluation of the equivalent viscous )

[ Obtain average maximum displacement from NTTIA (A yrira) ]

damping14]; however, the assumptions made in his
proposed method do not lead to accurate rg&6ltsGrant

et al. (2005) and Dwairi et al. (200@yt in moreatempted

t o addr ess t he probl em a
method16-17]. Dwairi et al. (2007) calculated the
equivalent viscous damping for a large number of [
earthquake accelerograms with different ductility levels
and effective periods. Eventually, by averaging over
different cases, a relationship for the emignt viscous [N this paper, fiis approach is used to estimate the
damping was derived for different hysteresis curves as afquivalentdamping of eccentrically braced frames (EBFs).
function of ductility. In this method, after determining the !N this regard, eight EBFs are designed according to AISC
yield displacement and the target displacement with respecf2016]19] and then analyzed in order to evaluate the
to the desired ductility, the hysteretic damping is evaluated®duivalentdampig based on the REM methodology. This

Revise effective
mass

Ir Amm:u-ﬂnn <3%

With Tegy and Ay, read damping from damped spectrum ]

Fig. 2: Flow chart of REMmethodology[18]
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study proposes an expression for estimatingethgvalent
damping, based on the

2.Design Cases

membersveredesigned such that they saitsfthe plastic

d u c t icdpacityyequhl ¢éov1 23 timésahe capdify 'ofdink beam and

remaired unchanged in this study.W8x8x21 and
HSS5x5x1/4sections were designd for the columns and

Eccentrically braced frame (EBF) is a ductile system for Praces, respectiveljhe nominal yield stre¢©) and the

resisting lateral loads in seismic regions. In this system, theY oung’' s

omined slekl@ svere taken as 350MPa

energy induced by the earthquake is absorbed byand 200GPaespectively.

developing plastic hinges in the link beam, while the rest of

the system including cofons, outer beam segments and 3. Numerical Modeling and Verification

braces remain in the elastic range. In fact, the link beama|| Frameswere modeled using ABAQUS software[20].
acts as a fuse in the bracing system. Link beams are divide§jemperswere modelled using 3D shell elements (S4R).

into three types basexh their lengthé):
1- Short link beam with shear yielding mechanism

Q p®p—
2-Medium link beam with shear flexural vyielding
Q c®»—
3- Long link beams with flexural yielding mechanism
0
Q C@d)—
WhereQis the link lengthg andd denote plastic shear

and plastic moment of the linkbeam calculated by
equations 4 and 5, respectively[19].

mechanism p&—
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Where0 , 0 , "0, & andd are the required axial strength,

This element is used to model both thin and thick shells
and it is capable of modeling plasticity, creep, inflation,
strain hardening and large deformations. All meraber
except the beamwere merged. In order to model the hinge
connection between column and beam, a coupling
connection in the section plangas defined and these
connectionswere joined together. Moreover, the hinge
connection at thbasewasmodelled by dehing a coupling
connection at a reference point &rmm distance from the
end of columnsand the support conditionsere defined
such that only the rotation in the frame plaresallowed.
Furthermore, out of the plane movemaras cancelled by
constraiing columns and beams in that direction. In order
to model the steel material behavior, a bilinear elasto
plastic behavior with 1 % straimardeningwas adopted.
For cyclic analysis, a displacement timestbry with the
amplitude of the target displacemeadrresponding to the
desired ductilitywas applied at the top of th&ames.
Figure 3, shows the model of the frame in ABAQUS.

the nominal axial yield strength, the yield stress, the plastic
module and the web section area of the link beam,
respectively. In order to evaluate the equivalent damping
for eccentrically braced framesight single storey frames

with 5m storey height anddm width of the baywere
designed in accordance with AISC (2016) based on the link
beam capacityThe length of the link beamwas selected
such that it include all types of link beam actions.
W8x8x18 sectionwas selectedfor the link beam. In EBF
systems, link beam acts as a fuse and it reaches its yield
capacity, while other members remain elastic. To attain this
aim, the plastic capacity of other membesstaken to be

25 percent higher than the link beams. Regardirglink In order to verify the numerical model, the EBF model
beam section, in order to encompass all link beamtested by Berman and Bruneau(200¥s used21]. The
mechanisms, link beams with the length oD30m, 50 test setup is shown in figure 4. As shown, the frame
mm (shear mechanism)0@ mm (sheaiflexural) and 90 dimensions were set to a height of 3150 mm and width of
mm, 110 mm, 15 mm, 200 mm and 250 mm 3660 mm. the length of link beam wastto 456 mm. A
(flexural) wereconsideed. Since the link beam sectioas hydraulic actuator applied horizontal force to a loading
constant and the length of link beamas variable, other ~ beam at the top dhe frame.Figure 5 shows a comparison

Fig. 3: Numerical model oEBF
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between experimental and the numerical model results. Adarget displacement corresponding to the desired ductility is
shown, the overall hysteretic response is well predicted byapplied ando is evaluated for a loop in the force

the numerical model. displacement curve. Then, by determining the maximum
force and the corresponding displacement, the hysteretic

1110 kN (250 kip) — . . .
Miller Servo-Controlled damping is calculated bgquation 6 It should be noted
Static Actuator
NonhLInk—\ that, by Jacobsen’s metehsod,
' & South on damping are determined.

====== \ In accordance withequation 3 ductility is the most
150 mm = important parameter for estimating the hysteretic damping.
\ Ductility is defined as the ratio of target displacement to

4 -Foundation yield displacement. The elastic displacement of &F E

:" [ 1 lI s 11 [ storey can be computed by summing the displacements
I SRRy caused by the deformations of individual components of
the frame. With an elastic analysis, a relationshigs

presented to determine the yield displacement for an EBF

O os Dot (152, 162, 152 10mm system. The yielddisplacement Y is estimated by
L1 (See Detail) 16 .
=1 155{ ; equation 7
i Ry o y vy ¥y y 7
13mmj ’qu LLS ( )
13 stiffener Cl;it;]sksasseacr:on o o o
Tube Brace WhereyY Y and Y are the individual lateral
{ ~Sioned 0 Acospty displacements of the EBF due to brace axial deformation,

link shear deformation and link flexural deformations
calculated byequations 8.0, respectively. Deflections
associated with column axial deformations are negligible
for a singlestorey

. OO0 0
¢O o w

- "0 QQ
? o~ 5~ 9
£ Y 06 0 ©
z - 'O QQ
= Yy = (10)
£ Op P& D

WhereOand™OQareYoung’' s and shear ma
respectively,0 is the cross section area of the brace,

o} and 'O are the shear area and the second moment

of inertia of the link section, respectively and other terms

are defined ifigure 6.a."Ois the lateral strength of an EBF
defined accordindo figure 6.band c. Since plastic shear
Jacobsen assumed that the velocity of the equivalent SDOE 4 moment of the link govern in the case of shear and

system is equal to the velocity of the real Structure. fiey yraj link respectively.The lateral strength of EB#as
Equating the dissipated energy by a nonlinearly dampedyefined based on the link strength or O ).
elastic SDOF to an elastic SDO#sing the hysteretic

I

damping under a sinusoidal excitation, leadsduoation 6. s e —a— F=g - 2Ly,

5
¢" Oz
Where, 0 is the area of a complete hysteresis ferce
displacement respons€ denotes the maximum force and Zaso Zaos®

3 is the displacement corresponding'@. In this study,
for calculating the hysteretic damping by Jacobsen method, Fig.6: a) EBF dimensions, b) latersttength in the case of
a sinusoidal displacementskory with the amplitude of the shear link and C) lateral strength in the case of flexural link

Link Rotation (rad)

Fig. 5: Comparison ohysteresis response of numerical and
experimental results

4. Jacobsen Hysteretic Damping
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The vyield displacements of the selected frames werefor the frames with the link length to tlspan length ratio

calculated by equation 7 and thapplied as cyclic loading. less than 0.3. For the frames with the link length to the span

Based on J a c o b shysteretic darpiagu mength @tio ,of 0.4 and 0.5, where the link beam is very

corresponding to yield displacement is equal to zero. Sincelong and the beasbracing connection is close to the beam

the accurate estimah of the displacement corresponding column connection, the rigidity in the beamlumn

to the hysteretic damping equal to zero is not possible inconnectim is increased and the frame mechanism is

finite element models, the yield displacements calculatedchanged to moment frame. Since such behavior is not

by the proposed relationp were used to estimate the desi rabl e for EBF’ s, t hese

hysteretic damping. However, to insure that the yield considered in this paper. It is recommended that the link

displacements are calculated correctly, the hystereticlength to the span length ratio could be selected than

damping corresponding to the vyield displacement or 0.3 for designing EBF systems.

ductility level 1 should be less than 5%. It should be noted

that in most references this criterion is used up to 5% [11 5. Effective Stiffness

15]. The hysteretic damping of the frames at ductility level ope  of the most important parameters in direct

1is presented in Table 1. displacement based design method is the effective stiffness
0 ) which is the key parameter in determining the

Table 1.The yeld displacement of the frames effective period and the design base shear. After

length of the link  Yield displacement HystereticDamping conducting cyclic analyses and obtaining the ferce
0,

(;norg) én;rgz) (42 deformation curve, the effective stiffness is calculated by
500 13.345 3 equation 11,
700 18.902 25 . "0
900 23.861 2.2 0 5 (11)
1100 26.072 1
1500 31.408 1.2 , _ . . .
2000 38.990 1.3 The r?ormall.zed stiffness is deflr.led :;.15 the' ratu? of the
2500 47.321 4 effective stiffness to the elastic stiffnes® (70 ).

Equation12 is used to determine the elastic stiffness of
As can be seen, the yield displacement calculated by g’ s .

proposed equation is sufficiently accurate. In order to

. . . - P p p
determinethe hysteretiddamping, ten ductility levelsere 5 o o 5 (12)
considered. For each ductility level, the maximum
displacements 3 was calculatedand applied 10 \wherey |y ando are the lateral stiffness of the

every frame as a lateral cyclic Ioadi.ng. The hysteretic hrace due to axial stiffness, the lateral stiffness of the link
response of base shé:ap Iatergl dlsplacem.enlwas due to shear stiffness and the lateral stiffness of the link
obtainedand the hysteretic dampingas determined by  gye to flexural stifiness calculated mguations13-15,

equation 6 Figure 7shows the hysteretic damping values yespectively The variation of the normalized stiffness for
for frames with diffeent link length to span length ratios. the frames is shown fiigure 8.

~4—¢/L=0.06 ~#—e/L=0.10 ~o—¢/L=0.14 —8—¢/L=0.18 ~—e/1=0.22 ~—e/L=0.30 —8—e/L=0.40 ——e/L=0.50 . 0 W
V) ¢O+— — (13)
40% v v
35% . e 0
£ 0 O—55 14
E 25% o
2 V]
5 20% ‘0 p© (15
£ 15 QQ
£ 10%
5% IRt s S R As shown infigure 8, the normalized stiffness depends
S A only on the ductility and the link length to the span length
Ductility ratio does not significantly influence normalized stiffness.

Fig. 7: The hysteretic damping of the frames against ductility Since the variation in the normalized stiffness against
ductility for the different ratios are sth, the average value

As seen infigure 7, the hysteretic damping depends on is used. The average normalized stiffness is also shown in

ductility level and the link length to the span length ratio. figure 8. Therefore, the normalized stiffness can be

As the ductility level is increased, the damping is also obtained by fitting an exponential curve to the normalized

increased. The hysteretic damping is approximately same

Numerical Methods in Civil Engineering, Vol. 2, No. 4, June. 2018



stiffness. The effective stiffness is determinedelyation

16.

--e--e/L=0.06 -

1

0.8

0.6

Kefr/Ker

0.4

0.2

-o--e/l=0.1

(16)

e/1=0.14 --o--¢/L=0.18 --®--¢/L=0.22 --® -e/L=0.3 —e— Average

Fig. 8: Variation of the normalized stiffness against ductility

Ductility

6. Ground Motion Selection

In order to determine the

given displacement level, a set of displacement spectrums
based on different damping levels are required. To achieve
this goal, ten real ground motiongre selected for a given
site class. In this study, site class C (very dense soil and
soft rock) was asumed according to ASCE (2016) [22].

To scale the selected ground motions, a design
displacement spectrum with 5% dampings assumed.
The corner period of the aforesaid spectrum for San
Francisco was determined as six seconds. The
characteristics of theselected ground motions and their
scale factors are presented in Taldle To assess the
accuracy of the average spectrum, the design displacement
spectrum for different damping levels is required. The
displacement spectrum for different levels of dampireg
scaled by the scale factor presented by Priestley (P28]7)

as follows:

X s (17

The average and design displacements spectriich
were compared and shown figure 9 illustrate that, the

effective period and the gyerage spectrum was also very close to the design

equivalentdamping used in the REM methodology for a spectrum for different damping levels.

Table 2. Ground motion database

Event Year Station Mag P(S)A IZS;C"’;';
Imperial Valley 1977 Cerro Prieto 653 0168 3.95
Imperial Valley 1979 Cerro Prieto 6.53 (.157 25

Tabas, Iran 1978 Dayhook 735 0324 295
Loma Prieta 1989 APEEL 10- Skyline 6.93 (.103 292
Loma Prieta 1989 APEEL 7- Pulgas 6.93 0108 25
LomaPrieta 1989 Anderson Dam (L Abut) 693 0064 18
Loma Prieta 1989 Bear Valley #5_ Callens Ranch 6.93  0.068

Loma Prieta 1989 Berkeley LBL 6.93 (.118

Loma Prieta 1989 Coyote Lake Dam Southwest Abutment 693 0485 15
Loma Prieta 1989 Lower Crystal Springs Dam dwnst 693 0089 275
Loma Prieta 1989 SF- Rincon Hill 6.93 (.168 3.25
Loma Prieta 1989 Point Bonita 6.93 (157 25

e (5% mmmel=10% ====(=15% ====0=20% ===={=25% ====0=30% ==---0=35% J=40%

600

N w - 53
S e e e
e e 5 =

Spectral Displacement(mm)

.
S
=Y

The average and design displacements spectrums at
different damping levels

Period (s)

7. Nonlinear time history analysis

The REM methodologyvas used for estimating hysteretic
damping by means of a nonlinear timstbry analysis for
EBFs. As shown in figure 2, the REM methodology is
described as follows:

For each frame, the lateral yield displaceméht is
determined byequation 7 A ductility level is selected and
then the maximum lateral displacement ‘3 is
calculated. The equivalent viscous dampirg is
determined byequation 3.With 3 and— , the effective
period is read from the average elastic resp@pectra at
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the damping level by using figure 9. The elastic and length to the span length ratio are negligible. To better
effective stiffness are determined byuations 11land 16 illustrate the differences, the nigal axis of figure 11
respectively. Nonlinear time story analysis is performed indicates the ratio of the hysteretic damping obtained by
using the ABAQUS software for the 10 selected records.the NTHA to hysteretic damping obtained by Jacobsen
T he Ne wmaagekdceeleraionemethod and tangent method. This figure illustrates that correction factors for all
stiffness proportional damping model with 5% critical frames are decreased up to the ductilty and then
damping were utilized in these analyses. To perform a appoximately stay constant. For ductility levels greater
nonlinear time hetoryanalysis, it is required that a mass be than 2, the correction factor is close to 0.5.

assigned, which is determined éguation 18.

—o—e/L=0.06 —e—e/L=0.10 —o—e/L=0.14 —e—e/L=0.18 —e—e/L=0.22 /L=0.30
Y 16
G —0 (18 »

“

It should be noted that the mass is assigned as lumped t
the corner nodes at tisoreylevel. The average maximum

correction factor
o
%

lateral displacement- of the selected frame is 04
obtained from the results of the nonlinear timetdry oz . ‘ .
analysis using the 10 ground motioas is compared " z Y ey 8 10

with 3= . If the difference is within a 3% tolerance, the
assigned mass is adopted for the given ductility. If the
difference is above 3% tolerance, the effective mass is
revised and th@rocedure is repeated. With the effective
mass and the effective stiffness, the effective peribdis
determined usingequation 19.From the average elastic
response spectra, the equivalent viscous damping valu
could be read in terms 6% and3 . It should be noted
that the modified hysteretic damping is determined using
equation 20where the elastic viscos dampifyg ) is taken

Fig. 11: Variation of Correction factor against ductility

Since the link length to the span length ratio has no
significant effect on hysteretic dampinthe mean value
wasused to find proper expression. Figure 12 illustrates the
mean equivalent damping- () for six frames against the
%uctility and one calculated by standard expression
(equation 3).

—e—Mean Equivalent Damping  —e—Standard Expression

as 5%.
P E“ 20% 4
" & i
Y ¢ — (29 S 15%
v i
§ 10%
- - - (20 g
5% 4
Figure 9 shows the hysteretic dampiragues modified by o 2 - —— - -
nonlinear time rstoryanalysis with respect to the ductility metlfey
for the frames. Fig. 12 Mean curve and damping obtained by ezl
expression

—e—e/L=0.06 —e—e/L=0.10 e/L=0.14 —e—e/L=0.18 —e—e/L=0.22 e/L=0.30
20%

As shown in figure 12, the mean curve is almost close to
standard expression. By modifying the coefficient C in
equation3, which is equal to 0.577 for all steel frames, to
0.635, it is still valid to use this equation for determining

15%

Modified Hysteretic Damping
]
5

5% the equivalent damping. The
i | shown as a dashed line figure 13, and obtained by the
- ; : : . 0 following expressions:
Ductility .
p
Fig. 10. Modified hysteretic damping against the ductility for - T8iuv ™ 0¥—— (20)

EBF’' s

As can be seen, the proposed equation based on modified
standard expression is able to approximately estimate
damping. Since this paper presents the criteria for
esigning EBF's according to
between the two estimates can be igna@med the proposed

As shown in figure 10, the hysteretic damping obtained by
the time hstoryanalysis is lower than the one calculated by
Jacobsen method. In addition, it is shown that its value is
mostly dependent on ductility and the effects of the link

Numerical Methods in Civil Engineering, Vol. 2, No. 4, June. 2018



expression can be used according to the design purpose. GResearch Report 1994, University of California, San
the other hand, the multipdegreeof-freedom structures  Diego.

are equalized as a singlegreeof-freedom system by the [3] Calvii G. M. and Kingsley, G. R. (1995).
DDBD method. Therefore, the results of this study can be* Di s p | @BasednSeisntic Design of Multi

used o create a design based on the DDBD method. Degreeof-Fr eed om Bri dgeEarthBuake uct u
, , - Engineering and Structural Dynamics, Vol. 24, PP. 1247
—&— Mean Equivalent Damping ~—#— Standard Expression =A== Modified Standard Expreission

25% 1266.

: [4] Kowalsky, M.J . (2002) . *“Basedi spl ac

Approach for the Seismic Design G@bntinuous Bridgé's

Earthquake Engineering and Structural Dynamics, Vol. 31

No. 3,PP.719747.

[5] Priestley, M.J. N. and Calvi, G.M. (2003) . “

DisplacemenBased Sei smic Design o

ACI 2003 International Conference: Seismic Bridge Design

Fig.l3: Fitted curve for estimati €§g3%i§0§25l;elrgiérethﬁutake J?gs%tgniceﬁ gDecgr‘pberEﬁ,F, s
[6] Adhikari, G, Petrini L. and Calvi, G. M. (2010).

8. Conclusions “Application of direct displacement based design to long

In this study, the revised effective mass (REM) methest S P @ n b BullatirgoEarthquake Engineering, Vol. 8,
adopted in order to evaluate the Jacobsen method fofNO.4, PP.89019.

calculating the damping in EBF systems. In this method,[7] Calvi G.M. and Pavese, A.- (1995
the vyield displacementvas determined using proposed  Based Design of Building t r u c European Seismic
expression. Jacobsen dampingvas obtained from the Design Practice: Research and Application, Proceedings
displacement spectrum based on the eamjsplacement of the Fifth SECED Conference, Elnashai, A.S. (Ed.),

and the effective periodsubsequentlythe effective mass ~ Chester, UnitedKingdom, October26-27 1995, A.A.

was estimated and nonlinear timestairy analyseswere ~ Balkema, RotterdanbP.127-132.

conducted until the convergence between the targed8] Priestley, M. J. N. (1997 . DisplacemenBased
displacement and the average displacement petur S €1 smic assessment of reinf
Eventually, by using # finalized effective mass, the Journal of Earthquake Engineering, Vol. 1, No.1, PP. 157
effective period and the hysteretic dampingere 192.

P I
@ S
S £

Equivalent Damping
=
)
F

@
K

o
B

=)
X
@
=)

Ductility

determined. Furthermore, the effects of linkatrelength, [ Harris, J L. (204) . “ Comparison of
material, and systerductility on the hysteretic damping frgmes designed in accordance W'tr_‘ feb@sed and direct
were investigated. Results showed that the effects of linkdisplacemenb a s e d d ePsoceqlingd , SEAOC

lengthwere negligible and ductilityas the main factor. As ~ Convention, August, Monterey, Canada.

ductility increasd, the hysteretic damping increase [10] Yavas, A. (2006). “ Di spl acement p
however, its rate decreabseafter a while. In addition, displacement based design of Hua f r a me 4ty st e
damping obtained by the Jacobsen metiasd larger than International Conference on Earthquake Engineering,

the damping determined by theonlinear time rstory  Taipei, PP. 123, October 2006.

analysis By means of nonlinear time history analysis, the [11] Garcia,R., Sullivan, T. J. and Corte, G. D. (2010).
modified standard expression was proposed to estimate D@V el op ment oHaseddesigh mghodfore me

equival ent damping of EBF’ stel framRc wal l Deuindl dfi Barthquake
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