A—":'Aj}l - JQJ& Al;u
oo Ol pes gk
WA Il ) sjled (@adia 555

Sl o 9 Mhos zabaw 50 S —I )b O lus a3l b

'*"w:.,.: el A S sls g0

J«:).Jw g;a:;j- o&Kisls wjl.w d.».)w@.a ij-l‘)l wl.v.:)kS 4>}AT &\J -\

u.u).,\.» C,.:;J,S em\b ) ja._or.a 9 Q\J..o& st./\.\.gx LD Lb).l-m-' Skl =Y

tasnimi@modares.ac.ir

[RENYT i3

[48/+4/) ¢ ] 3l 5o 'G)L'.'

Sla sy o iambe 3l Sl 0l ‘fﬂ)ﬂé...nwél.,é&l o3} :ﬂwcjlaﬁ)g‘gij‘—;g)lg ol el dle wlﬁ—bu\f,ﬁ?
B8 LS e e oS Lz glasles Sl gla el o3l sl s el sl Sl s s sles ) 3 Shes b

—SOL ool HastlE o se Sl la atla e 3L S S WS o3l S5 Lael s et sl éuwi‘;,«,u,;ﬂgx%

S e Ol (sl o sl s S i a5l S0 el e (S 5 s ] Lasl Ol S il S

s ek S B s e DAL b e (et B Sl o Shes b 53 b Gasls Gl b3l sl
s (IS it ik S L B s b 3 Sl e 5 ey U e (Sl B U 5 (53 Sos slasalin]
.w\a;;)),,L@;IL;))QJL,}MLyt}@uwu,{;%ﬁ}m#ﬁaé@t@

o o3l et by o Slas claasbionl ps b las 5 SI-SOL ol Lasls Ole byl S8 Lol 2B A
2 ebes ey ol & Sl o odaliie s ald e e 1 e O g 5 a3 Shas - gan s K-Sk Sl G2l 5 dlis

555 by 3lie 4 5 5508 g s &.“J\)L\M?"@wwswb@)wyudlAQ)\JMw)j@jg&ﬂ)}}&b]:ﬁmﬁé@.ﬂ

Sy g e lanl LB sl 4 s

Tt R e gl B Shes gl ()l el (ST OB 39

LU et sl ool la Gy 4 ST s e eslinad o5l
Gl anlS 55 Js a5 ooy ot gla mll Lo s
[B] o s ol
el b ey ) gbeaslwl @S gans 5 5o
2Bl W ad,y i sk K8 il b e 4 Cslie
St S Cusl ol asiis b S Do Slallas Ll
L [5-3] tied (5 Smbia S, hls 3 Shas bl ods 1 b
S G S Shes bl Al ) ety S e
[8] s o slallels 5 [TT s s slo3 )~ b 53 (53 Shas

43

dodo — )
2 S el el daesle o) (AL s ol Gas
Sl ey Sl o3l D35 s pess 5 A5 g8y oK
S ol el Ol L gaddy el 4 ¢
S T T e IR S A PN TP
1] A o3l sl et sl Dl O3 5ad 3 g (6
ol b gla Olatla oS ol ol s> W sladd )y s [2
53 [43] Wheds was gla ol s ds adbol gl b

Caslis e G R s S e gl aslin


www.sid.ir

M ;fl"”dl'&j é)\.: J\JJ.@_A

aley s Sas C)Ja,.« 2 K-Sk ols el oLl

oetla SaS aedd s)ly ool gl e L Ol e 1y a3l

Syed oS Ol
::ﬁ@ﬁiwzmgﬁub@q))b}&uua}u

L Gloile sae K s ol Odd 1 e laels )

.M:@QL\ZJ

s IS sk 4 s ik s ol ke gl Y

s e 0Ly el

LS e Ol b ol S s oles it IS gla el Y
olinl 520 4 by e b pais 5l e Dl (Ll s

Sl b el g cpl el 5 S0 LT a5 e

lacios 5 als sl 4 S 5 35 o Oy byl 3l 5 2

Aies (e DAl (ghls (b g o s a5 o3l IS ()

-l Dol ol -Y

Gl s Sla ot s dhaxr 3l SI-SL ol atls
S S5 ose ) mlewe o glasl Ol il &S
Ol gl 55 5 b S aiy ) U glao s
Gla bl 5l asle ol any 6l [13] ez e ) el
[15] cl ol ol 6\4"}?)‘:"_\)& sz.lf)bl:dbli_)

b o O 2 Sipgo 4G Uil

Sm [dE

Dpp =~ + fpp ——
PA PA
Su Qydy

)

@ 4.’1..,.0\) dE 9 5m le.éﬁ&u LQ)LW} u..a}L.:: U'»'J B

3 M Qus Oy Bpa sl sl 5 o35 (OIIEL amsi b
g o s ge Cb b el a8 il (108 L a6
sl (Solal 4l (6 Se3ll SOV ey s Il o jle [15]
ol s S e s T e BT S e S o
bbgp S e Sile 53 e S ol asls
Sy o Blod il (65 51 Sl 5l A0 ooyl
Sk, s Caglie el BT Kl -SL ol el s
2 151 5580 Ol Bpa el b s ol (55, gl
ot Sl YAkl sy e iy b s AT s

:g:».w( o ‘U‘b(ﬂPA

44

e b Gl s opl 53 e Sl rlf Sl ol s
T o7 glasl 5 Shas mhav 4 Oy Sl Dbt 035
el

Slp b e Gl ) S cd ges il S
Glos) sl Glosh o gl S i pse 5 Shes 4 Ol
Ue bl 3 Shas b (63 Shae (slaasbinnl s 9] 05
S AS Do g ol Gl 5o ekl sl gl L
03 gda ol (6l Oade gy SO oS Sl Jl s ol sl
iy polie [6] 5 sy 5 Sos b 4 x5 b ol
Ll god 5 Sl pdige glacslad bl 5 25 Olasl js odl
[10] 54 aJ‘Jv:w.x; MQL»MLCLMJQL;LA&l &l

e 2 gl Sl gl 555 by el
—11] ol o el a5 OF (gl e (gla sy 5 el bl
Do Sllacsls 0557 oS 5 Sl Gl bt ol oo 12
Lreah Splas gl ezl 55l e eslid Olls el
[13] S o 3, bliyl gl 5 See 5 Lol ol Ole &S
Galais 3 &S Kok im0 gl S 4 sl glaals riy
oS A iy w5 s bl il il sy ol (gl SenS
wrg b dolie gl slest Al gl s i ad 4 s et Ll
sl 0

23 SRS cjlas Lol i ) p e opl Gda
oske pl sl Ll s 2 GOl (gliasl 5 Shas C_,k...»
Jos b ets a5 B s s o et CB A sl
2l s s Wt (b s S g > (2 Sl
) 53 el ol Dl o el s 4 gl el
T 3 Laed Sl (sla sl plie s oo b B

@\aM&L))\La.olw):o)L.;— Gj}]b}ﬁcbf{l.«&

s 2l -Y
e Ko 3 eslizad b oS cd g Ol la el
bosle 5L 5 e S aodd 2l ol Olie Al anr
Slp & Gl Glodd Jbo 5 CunS SO Ol et la s Ol
S Do 6l s ho ol lis (Gl o) SanV Sl
Gloy ) s Sas [12] Cd K i bl cesls (g, (SosennS


www.sid.ir

W‘\‘\JL.«/\ A)L«.i/v.hw 092

2L S-S galaly gl Llosls €yl sdas ui5 53 L1y 555
G LB e i 5038 il Lol = S e el
Sl e 3 Caslie Al ol bl 5 Sl Ospe
Sobe bSOl daf, [18] Whes 8 a5 (P g feerd)

5l Sl
OO
0, -0,

[dE
My,

)

+

Dyu K

y
LA@\QJLJL)@)LEAULASWLL;)\‘K;\—SJL;J,u).s

SbS POl Je s apd e S5 Fpa bl g abs @
e 5 Sl Latls s Caglis 2alS 6T (giledde o,
Sie SbS aay 53 e 0l eslid i S dlas
Loy s eate Gla S5 ) s 5 Sl o 4 By
[18] 55 oa S L 55 glast = Jds 3 Canslie [ialS oy
{197 gl o e (gl o slgig pslie bl s cpl s
Ar o5 4 CP 5LS U0 5 Shee sk ol Py il 2
oS 555 o odalive .ol odd 4 § Lol 3 0/ 50/10 /oA Liolie
O 5 b o il 50 g ol e iy Caaslin g (gl
Caglie Ll S g Ol (e OAS Jlins L &S Jas e
e asl oyl Gl s Sle woopd a5 s zio AL

g g a8l 0 i et 2 lB) 5 B ol

B b (&l oo Y
st Sl s S=SOL ojles atls b5 6l
)J.g;..ﬂloM&éﬁ#,:(\)J&iL{d{lﬁ»gGM;lM;éﬁn
SY Laalas sl 5 b & 5 Vet 5 4 Slib sl b LB Ll
@8 55 ¥l lib S gl sl Clssl Slas ¥
bVl o s et adbd 5t OB s balas ok 5 e
a0 wlas Jsb 5 baose Jsb La OB ol s .l e 0l
sy Lasl ol Ole i Salea b ods 53 0L
o5 eslizal s 55 5 G Slem Sl s B e (ol L als
sde (lib sl KlS G 5l da sde &S Doy s pl 4 e

A{CP}LS dO ij)guéuéu::\,\ﬁ ;_éjuB u_ej>-)\.)uu

4. Hysteretic Model
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Recording Earthquake
Date and Place Station PGA Name

Abbar 31/03/1369  Abbar 0.647 Abbar
Chi-Chi20/09/1999 TCU-047 0.292 Chi-Chi
Manjil 31/03/1369  Manjil 0.55 Manjil
Naghan 16/03/1356 Naghan 0.72 Naghan
Northridge EQ USC Station .
17/01/1994 90056 033 Northridge
Superstition Hills USGS Station 0.38 Superstition
24/11/1987 5051 ' Hills
Iran 25/06/1357 Dayhook 0.406 Tabas

Table (1) Characteristics of ground accelerations
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Fig. 2 Response spectrum accelerograms
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Fig. 3 Average response spectrum of accelerograms
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Fig. 1 Geometry and names of studied frames.
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Fig. 4 Distribution of plastic hinges in frames.
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Slendernessmw Stiffness  Performance
Effect ﬁkgy Ductility Degredation Level
0.4 0.08 0.15 15 10
0.25 0.15 0.3 10 LS
0.05 0.6 0.6 4 CP

Table (2) Characteristics of the hysteretic model.
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Beams Performance Levels
CP LS 10

Average of
Damage Index
Table (4) Average of damage indeces of beams in performance levels

0.187 0.1 0.052
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First Mode  Main Frequency  Performance
R Frame
Period (sec) (Hz) level
0.42 2.39 10
0.97 1.03 LS S4B2
2.65 0.38 cP
0.69 1.44 10
1.15 0.87 LS S6B3
2.88 0.35 cp
0.99 1.0 10
1.73 0.85 LS S9B3
2.60 0.49 CP

Table (3) Dynamic characteristics of the studied frames
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of columns.
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Beams Performance Damage Index Limits

Levels
10 0 <Dpa<0.052
LS 0.052 <Dpa<0.1
CP 0.1<Dpa<0.187

Table (6) Limits of damage index of beams
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Columns .
Performance Levels Damage Index Limits
10 0<Dpax0.02
LS 0.02 < Dpa<0.045
CP 0.045 < Dpa< 0.08

Table (7) Limits of damage index of columns
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Table (5) Average of damage indeces of columnss in performance
levels
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Abstract:
The main goal of seismic design is to provide required safety level during earthquake, and to make a
structure remain repairable. According to the available reports of recent earthquakes, structures designed
using force based design procedures are not precise enough in eliminating the damage of structures.
Therefore, a new generation of design codes based on the performance level design procedure is
introduced. In order to estimate the amount of damage in structural elements, related criteria are defined
as damage indices. Damage indices are functions of damage variables and indicate the effect of the
variables on the element’s damage. Park-Ang damage index is among the most important damage
indices, which shows the damage of reinforced concrete elements as_a linear combination of maximum
deformations and absorbed cyclic energy. The analytical value for this damage index is set to be zero if
there is no damage, and 1.0 for the collapse of the element. The Park-Ang damage index in non-negative
and shows the reduction of element’s resistance in cyclic loading. It also specifies energy dissipation and
the strength damage of the elements. This factor has been.used for calibrating damage index. It has been
found that the damage index is merged with one in the failure point. Applying this model in structural
systems requires determination of an overall member’s deformation. Since inelastic behavior is limited to
plastic zones adjacent to the ends of a member, it is difficult to define the relationship between overall
member deformation, local plastic rotations and the damage index. Therefore, a modified version of this
model has been developed by Kunnath et al.
The most important difference between Kunnath model and Park-Ang model is representing the equation
based on the moment-curvature diagram and replacing the non-dimensional factor with the strength
deterioration factor in a hysteretic model. Supposing this factor as a constant will increase the diversion of
the damage index in collapse prevention performance level. In this paper, the Park-Ang damage index and
its improved relations has<been evaluated for the various performance levels, including immediate
occupancy, life safety and the collapse prevention levels. For this purpose, three reinforced concrete
frames with different numbers of stories, was each designed for three performanc levels. Nonlinear
dynamic analysis has been carried out with seven earthquake acceleration records. Finally, the damage
analysis has been performed. The damage index has been derived for all of the nine frames and the values
of damage indices have been evaluated. The beam damage indices are related directly to the rotation which
happens in the plastic hinges. In components with immediate occupancy level, this linear characteistic is
more clear; however, by increase in the rotation of the componenets or in the collapse prevention level,
damage indices will diverge more. It has been shown that this damage index needs to be investigated at the
collapse prevention level and the second part of the damage index (strength damage) shall be determined
by the element’s type and level of performance. The sensitivity of damage index to the column damages is
little and the damage caused by the weak story is low and needs to be evaluated.

Keywords: Damage index, Performance levels, RC Moment Resisting Frames, Seismic Performance.
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