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ABSTRACT

Background: Seismic resilience of reinforced concrete (RC) moment-resisting
frames subjected to earthquake sequences, particularly those equipped with
supplemental energy-dissipation systems, is an important aspect of performance-
based seismic design. Despite the favorable energy absorption and dissipation
capacity of buckling-restrained braces (BRBs), the combined effects of mainshock-
aftershock sequences, building height, number of bays, and seismic hazard level on
the resilience of BRB-retrofitted RC frames remain insufficiently investigated. This
study aims to quantitatively evaluate these effects on the seismic resilience of BRB-
retrofitted RC moment-resisting frames.

Methods: Three groups of two-dimensional RC frames with 5, 10, and 15 stories
and three- and five-bay configurations were designed according to high-level
seismic provisions for special ductility and modeled in OpenSees. Nonlinear
dynamic time-history analyses were performed using recorded real earthquake
sequences. Spectral acceleration at the fundamental period was selected as the
intensity measure, and maximum interstory drift ratio was adopted as the
engineering demand parameter. Structural damage was quantified according to
four performance levels: Immediate Occupancy, Life Safety, Collapse Prevention,
and Complete Collapse. Fragility curves were developed to estimate damage
probabilities and assess resilience degradation under Design Basis Earthquake
(DBE) and Maximum Considered Earthquake (MCE) hazard levels.

Results: The results show that increasing building height and the number of bays
significantly increases structural damage and reduces seismic resilience due to
greater lateral flexibility, larger interstory drift demands, and concentration of
residual deformations in lower and middle stories. The mainshock accounts for
more than 80% of total damage, whereas the aftershock has a limited effect unless
the structure remains in the nonlinear response range after the mainshock.
Increasing the hazard level from DBE to MCE causes a substantial reduction in
resilience, particularly in high-rise and five-bay frames.

Conclusion: Earthquake intensity, building height, and number of bays are the key
factors governing the seismic resilience of BRB-equipped RC frames. Taller and
five-bay frames exhibit greater vulnerability to resilience degradation because of
their higher drift demands. The proposed fragility-based framework can support
performance-based seismic design and post-earthquake assessment of RC
buildings. Future studies should consider three-dimensional structures,
alternative bracing configurations, and soil-structure interaction.
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Introduction

arthquake sequences
consisting of a mainshock
followed by one or more
aftershocks can significantly
affect the structural
performance  and  post-
earthquake functionality of
buildings. Structural
resilience has become a key concept in
performance-based earthquake engineering,
emphasizing not only collapse prevention
but also the rapid recovery of structural
functionality  after  seismic events.
Reinforced concrete (RC) moment-resisting
frames equipped with buckling-restrained
braces (BRBs) have demonstrated excellent
seismic performance due to their stable
hysteretic behavior and high energy
dissipation capacity. However, the combined
effects of earthquake sequences, structural
height, bay configuration, and seismic hazard
level on the resilience of BRB-equipped RC
frames have not been comprehensively
investigated. Therefore, this study evaluates
and compares the seismic resilience of low-,
medium-, and high-rise RC moment frames
with different bay configurations under
mainshock-aftershock sequences. Fragility-
based analyses are conducted at Design Basis
Earthquake (DBE) and Maximum
Considered Earthquake (MCE) hazard levels.
The findings provide engineering insights
that support more reliable performance-
based seismic design and resilience
assessment of RC structures.

Methods

The seismic performance of reinforced
concrete (RC) moment-resisting frames
equipped with buckling-restrained braces
(BRBs) was evaluated through nonlinear
dynamic analysis under earthquake
sequence scenarios. Six two-dimensional RC
frame models, including 5-, 10-, and 15-story
buildings with three- and five-bay
configurations, were developed to represent
low-, medium-, and high-rise structures. All
frames were designed for high seismicity and
special ductility requirements, while the
BRBs were designed according to Chapter 10
of the Iranian National Building Code and
connected to the frames using pinned
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connections. Nonlinear numerical models
were developed in OpenSees, where the
nonlinear behavior of structural members
and BRBs was appropriately considered. A
suite of recorded mainshock-aftershock
ground motions was employed to evaluate
the structural response under Design Basis
Earthquake (DBE) and Maximum
Considered Earthquake (MCE) hazard levels.
Spectral acceleration was selected as the
intensity measure, whereas the maximum
inter-story drift ratio was adopted as the
engineering demand parameter. Structural
damage was quantified wusing four
predefined performance levels, and fragility
curves were developed to estimate damage
probabilities and evaluate resilience
degradation under different structural
configurations and seismic hazard levels.

Results

The results indicate that increasing
structural height and the number of bays
significantly reduces the seismic resilience of
BRB-equipped RC moment frames due to
greater lateral flexibility and larger inter-
story drifts. Damage is primarily caused by
the mainshock, while aftershocks have a
limited effect unless the structure remains
within the Non linear response range.
Resilience decreases markedly as the hazard
level increases from DBE to MCE,
particularly in taller and five-bay frames.
These findings agree with previous studies
and highlight that both structural
configuration and earthquake intensity play
critical roles in resilience-based seismic
design and post-earthquake structural
performance.

Conclusion

This study demonstrates that the seismic
resilience of BRB-equipped reinforced
concrete moment frames is strongly
influenced by earthquake intensity,
structural height, and bay configuration.
Taller and five-bay frames exhibit greater
vulnerability and lower resilience due to
increased lateral flexibility and drift
demands. The findings highlight the
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importance of considering earthquake
sequences in performance-based seismic
design and resilience assessment. The
proposed fragility-based evaluation
framework provides useful engineering
insights for improving seismic design and
post-earthquake performance evaluation of
RC buildings. Future studies may extend this
work by investigating three-dimensional
structures, different BRB configurations, and
soil-structure interaction effects.
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No. RSN Event Type Station Name Year Mw  Pulse Period,Tp (s)

1 178 Ms El Centro Array #3 1979 6.53 4.501
1.1 201 As El Centro Array #3 1979 5.01 -

2 184 Ms El Centro Differential Array 1979  6.53 6.265
2.2 207 As El Centro Differential Array 1979  5.01 -

3 173 Ms El Centro Array #10 1979 6.3 4515
33 198 As El Centro Array #10 1979 5.01 -

4 185 Ms Holtville Post Office 1979 6.53 4.823
4.4 208 As Holtville Post Office 1979 5.01 -

5 181 Ms El Centro Array #6 1979 6.53 3.773
5.5 204 As El Centro Array #6 1979 5.01 -

6 180 Ms El Centro Array #5 1979 6.53 4.13
6.6 203 As El Centro Array #5 1979 5.01 -

7 161 Ms Brawley Airport 1979 6.53 4.396
7.7 194 As Brawley Airport 1979 5.01 -

8 179 Ms El Centro Array #4 1979 6.53 4.788
8.8 202 As El Centro Array #4 1979 5.01 -

9 182 Ms CHY006 1979 6.53 4375
9.9 205 As CHYO006 1979 5.01 -
10 1182 Ms TCU029 1999 7.62 2.57

10.10 3865 As TCU029 1999 6.3 -
11 1476 Ms TCUO46 1999 7.62 5.28
11.11 3445 As TCUO46 1999 6.3 -
12 1486 Ms TCU049 1999 7.62 8.043
12.12 3454 As TCU049 1999 6.3 -
13 1489 Ms TCUO51 1999 7.62 10.22
13.13 3456 As TCUO51 1999 6.3 -
14 1491 Ms TCUO53 1999 7.62 10.381
14.14 3458 As TCUO053 1999 6.3 -
15 1493 Ms TCUO56 1999 7.62 13.118
15.15 3460 As TCUO56 1999 6.3 -
16 1496 Ms TCUO059 1999 7.62 8.939
16.16 3461 As TCUO059 1999 6.3 -
17 1498 Ms TCU065 1999 7.62 7.784
17.17 3463 As TCU065 1999 6.3 -
18 1503 Ms TCUO076 1999 7.62 5.74
18.18 3467 As TCU076 1999 6.3 -
19 1511 Ms TCUO082 1999 7.62 4.732
19.19 3472 As TCU082 1999 6.3 -
20 1515 Ms TCU087 1999 7.62 8.099
20.20 3477 As TCU087 1999 6.3 -
21 1519 Ms TCU102 1999 7.62 10.395
21.21 3481 As TCU102 1999 6.3 -
22 1529 Ms CHY006 1999 7.62 9.632
22.22 3489 As CHY006 1999 6.3 -
Mainshock Free vibration Aftershock Free vibration
(MS) after MS (40 sec) (AS) after AS (40 sec)
0.4
o | ‘
il i i
g 0 3 3
St l 1
<  Structure brought !
g -02 r 1 to reset 1
< : ‘
_0-4 1 . 1 1 :
0 20 40 60 80 100 120 140

Time (sec)

Dol los ) Mg o8 s s s -Y K3

@99 g dlzxiy &)la (i 2)99




globuw gl whyauls s bjle

u.»l.w;- L§‘°)L~'“j:‘° 6';"' 9 (j L;VJA‘J:..'_ 6[.&)\}1) o koS lu-
le}’-'\ LQ‘J'I A C\J;)&.J (} L:'j‘\ ¢JL§ :U.Ll‘)> gl:.ﬁm\;.
ol (Salys sy pme  SaiSa gla e (el
S s CE"‘ Sl Gl P pslie 5 23 8 18 eslanad 54
S PR LS VAR BV WFLVCR £ BTVAICE J VR RV S| £
Gl il 5 ke sl ey y3 a0 b= (gloslue 18 (gl (6l 5
Jeddly gz (V1=0) Jsdor SIB dilome 53 5L 35507 lna
ol Glosles izl sl 5 Ll gl sl HAZUS
Joddly sy (WYa-0) Jydr 5l 5L 5,5 slaesls (Olida
Slloes 53 (63555 Ol geas baesls ol .l a3 S IS HAZUS
L aalizal o3l )5l Lot O e s Sl mb
Sl SlaWi 35 ol edda S B0y (58 Gk [T]
/0 loslu e ghil gl 5 SO VL sl Cleds (gloslas
RGN P W 4.’2.9J,§ J.E-.V)J

ol 559 opile —Y-0-Y

Os 5 55 e 4y a5 LLpp(D) <ol S35 (Sl
AT 553 00 acals (") dasly 5o

Yk=1Wi X Lpg )

LDE(I) = N

P

by b 5 o e ok T LG B sin p8 s
L] 355 0 aralss (£)

frec = ®)

L ol il Gillae w3l LIS kS S

35 g8 3 Sl ol Al plSoutad STl OLISGen 5 5052
o3Il paghe oS i pns sl ol s Olgeas 5 03y
Ao 53l 3 Gode LS SO el pl g e JBa e )
I 3 ejle Camdy LG L) e+ ldie &S Sl TV er G

5 Glosle @il sl OF 3 &S A ol 35 51 i

3 Median
4 Standard Deviation
5 Recovery Function

o8Il —0-Y
LS Lles 4 seme Aoyl OB (6 Se a5 L
Gl gl (sl oozt sl Jole 1) e 5 sty ol o
S sl Bla sl bl 5l HAZUS  Jeallysias s
ool Gaa el sl eslatid Jeadly gt )l 55 55 e
ol o3l e o3l (sl oSzl Al 5o 551 ¢ ks
b LHAZUS 3 ods s an sl (glacns 1in) (i,
ol bl e 0 ladslae o3l gd (65 Shas
Lo gl s Slas mha o b Blie ojlest Cos (ol
@b MCEER ffe ooleiiny OpVsnd 51 (60504
IVl aples ol sl

s 5 ol A3l g8y Jola 55 5ok
AL b 5 e 0550 S 5l o 8 el o5l &) ol
BUBRETE PR P AP TS P S TR TRy
ol Solgns 5w ol L0 ol W
Ui oS 2biol OBl 3,5 cnl 3580 s SusT
Soslb laasla b ol byl o 5 o5le (5 pdyl
Sl g0 ("“‘Jé B
Ol CZU -\-o0-Y

Q)_’»&‘U Jb&@ )injfg )LM » L\.v J.;;\Q‘)L..;- cu
DAL ol ok sl (V) da

Lpg = IZ:; [f_:] X Py {Q (R = rlimi)} ™)

i=

() 5 Jis, e gd= S 5 o3le Sl jend a5 (C) oS
Cs s il & sl 5l (30l IS Rupa b il
Sl s (1 s ) ol Lol b doles Ol gea I @
5 e dS1 3 Jlaz| () comen 55l e 4 S b s sl
Slagame B s S il B 555 60 Shes g -
(10-7) dsdor 51 [F] s 35 0L slos ) (Sss
ol ola slosla e sl sl slosle sl sl
oy 4 pele Glosla e gl gl 5 (V0-T) Jodr
I7] el sdolewsas HAZUS s (Vo—£) Jsd
o5 S dw 8l SaSs la e 5P s ¢l§ 5
Sl (el 5 05 ) Glesle slpl Jals ol
Glolzs) o Sl UK 4 el Glosla

! Loss Function
2 Bruno

e

@99 g dlzxiy &)la (i 2)99



b yisileS wiyjlee 4 jozo dojl i Hires LIS slojy) 5910l p slojy) i Sl

Goslob atls sumsilis olsses s IS V4]
((F) JS2) sl (gle3 )

s 5105 sk e ol
QM(%) (3 Shas SL5L) b,

100“ 3 %

_/tom tog,2
e e S el 5 bosd

e——TRrE1

— :
ol 5 e 3 e e
ol il Al el Bl asls
;
|
|

| !
;

e )
T Tre2

-
top

Tre

[14] slos ) sl il —¥ K

04T o3 ) $o5lob Slmbns sla Jole 1 J g

REP Trer  Trez to Tre Tog,1 Tog,2
DBE 55 49 25 74 0 25
MCE 200 149 125 274 0 125

S Ss sla o szl Al gl Las sl

byl sle ol szs ) Ol 55 o MCE pxlae 4, DBE a3
Sy s ple s asbioml opl 53 [YY] 3 S eslizad ASCE 7-22
S ey Dyt G5 et e gs sl ) A1k
Gl mls dlie 5 (Gilullomen Ol &S Wipd
5 ON=8-0) lady Gille sl oal 1 (53 Shes
Gibsl sl b ik ASCE 7-22 Labonl (11-£-7)
2 o Jlesl b 28l ol T s sy MCE il 2alS
(M) 5 (V) Gladaly &y st ool Lailsy 53,5 0 &) 50

g g2y 2
2 %
Sps = §SMS )
2
Sp1 = §SM1 )

Slhobw glaaidl 5 bojle fdow ¥
T ) uk’ﬂ‘ Gilwdde -\

)l_)ﬁ\fj’ )\ oslanul L J:‘Aﬁ}i UJ-‘ BE) a)L» L}L}J& J.:Jou"
Ll s 57 ble lad s .l ol ¢l OpenSees

5 Design Basis Earthquake
¢ Maximum Considered Earthquake
7 Leaning Column

[ afA)

d..}jf@.a)s\:,i\; D13 eole (gols e g sl 3 5 glosla 8
.[Y']J}.SJQ.}JJUU'LNQ\JIAJ{U@%L”QLSLMJ.{J;\?Q)L}

Dl 2 kS S —E-0-Y
b gloj s Shas glaes sdme 5 o lust &Y e Sl o
Yo3le 2l CodS 3l el OISGs 5 5 2 heo 55 Gillas
Bl 3,8ee O35 1alS o gl (25 Dlne Ol oy
g55 3 o oy (Gastls b 5sd e Bome slosla
esle 2B als e coddobel o 55 3 505 00
3,8 iy e |y sl b ol s as &S el
G35 bl Ol 5 el plol (0) daly BL L O drlows

DAY 5510wl 3 1 5l s Shas 2alS

H(t — tog) — (0)

Q(t) =[1-LDE(D)] H(t _ (toE + TRE))

X frec(t, tor, Trg)

s oSl o 5w (frec(t top, Tre)) 5 (LDE(D) «
sy 25 bk Ol elbs, 85 Ol Sy o S D) S

..,\;:.M.ar.\.:.\.ﬁ}m

6J}ig';l.? oesls —0-0-Y
el cadS Cdl vl gl 12 @\)3 O3 edddcnle las
ol () daly, SS L culgnn & 2550 S84 Qo) ojle
0 <ty <Tres I 3 [Vas52 0 amls (R) 5l
oy Ul 0L 55 J Blis olad 5 goslol Lasls

el (V)

1 Toe1tto ToE2+tTRE2 )
R = 7-[ Q1(t)dt +f Q2(t)dt
tO + TREZ

ToE1 Tor2

£33 5 Jsl 355100, 7 585 Ol o 4 (Togz) 5 (Toer)

3555 2bsbess sas0lis (Trez) 5 (Trer) (b5l tbas
2 5L s Gosleb Glable aes 55 e 5 sl
5 e s b bl Ol el jasiie (1) i
Sl 530 VE e (DBE) (b (shos mlaw sl O1Ses
ol 4 S L2 53 35, YVE Ll (MCE) Jeims &35 5Slo

! Loss of Structural Quality and Efficiency
2 Heaviside

3 Resilience Index

‘Li

@99 g dlzxiy &)la (i 2)99




globuw gl whyauls s bjle

s Steel02 3l eslinal e pulul sl s ol 5o 63V 5 Ain
il Ol (sade Jbe Sdoes iS5 Sole b
3ol g ax 5 ks es S ol 31 BRB gl o 1) il
TS TR S W R U5 3 PSPPSR KT
IYT] sls oS Sauss sla asls

B ekl b b e (Lil-1) S s
5 05k Adlae s i)l Cd b v L adliann s
el ol alie ol o 4l ((0) ISK2) (5,55 5
U el bl Saedly Joolie o 2 Ul Sk, G
Jde oS s e Ol el 201351 L Lol s s
b B Jols (OB o 8 5185 53 AT 50k adliann
el s 1 s3l lg ab b s des 1 y S g5 At
ChB s bl e gade Je b s ot J 53 LG Gilles
Sl b muly luand s ablbana s &S Oloabl
() JS5) 53 Sy 53 et S oa B 1 an)Ton
by eddill Ly, el Lol s JECURr W )
[o] s el s Skl

5Ok 4 cald s ol g AS sbosls I S
Do A OLSas 5 sl 53 &S el ol 6555
adllas 53 4 s sl sl Bl Olisle 53 JIs e
u‘;j))'la,\,«k”;a.g@l;; SOWPREPE K B B e
N Ol 5 Lledd esls Jaales (=8) JSKo s p2
23 aman ol sdal qal b ls sla KI5 oLl b,
slars 5 Oshes Al il o laslis (V) Joir
Aol & Sl ol &1 Liash ol s aslaws OS
Sy oleand 3 (galgday By sleel 5 Jsd LG Gl
gl ced OB glasl gudS gl Jule dule 5 a2
ile plagiluesl s sl p s (hs) a5 s e OLLS Gl
@lezsl LB s Wl o Jls J5e (5,0 03503 B pe
5 oledde s s 1 Lol ks VU R W e
Slagomie (hash nl SUELS Aojles oo i
Slgoss b adbannys A5 51 ezl il e s
35 &S OLan 5V Ol Al 3 el ) fews
G583 gl 350 (ol ol LB s OF (L) S
IARY R

5 Telemachos
© Quan Chen

U s ASCE 7 5 filicl Gllae eslinal 3550 HbS 5 Lol
pl g oedle Lol eds 4§l s 1.05D+0.025L
Sbsedd Hb do s Sl esliad b dlail slaaaia
e 515, Oypoas Oamllish & Jlal e 3 a0 5w
5 Goled e 'S e eade gty Ly 5 a0 gt tiledd
s 6osS S 5 0shen Bailsy olal 5 WOT st b,
Sy cl ed (g3lua s Peak-Oriented uS 3l eslasad
s Steel02 oLl 51 oV g glael L o ki, (giluans
ol ol oslital Concrete01 Ol 51 o slael (gl
LYE 5YY 47V ]
bt Slelily 85 (gileands OBl (g5l due
S S ek Sl o SE S ks il
S eslie b Jals 5 Caslie Sl 4 O
ot lgs pioman 1350 0 g D g T
oty Jae 5 Truss Ol 31 S e L Ob LS
ot OF st 8 ), 5 L (3ladie® ISl S L
Coale L Truss oldl Cbisl A 4 25 Steel02 Jlas
S50 o Bdes yde opl 15 4315 Cillas BRB (65 Shas
Ok 02 e s e S s eS8 e o)
GV dn s Sos 4z 5 L opipad ol (el B
d= b olad s ares (35LS Ol O Sué, suems 5 BRB
Sozme S n ledde S ad plply edd J S ool
e Slojle maly JlS Gl le 3 S0, pas
ety (G5leand L Steel02 CJLm W
o2l Sys sl s (Soleiw (SLpcsen Lol en L
Jits & gty Kot 31 230 Jlgs 3 bl kS e
Olial & ar 5 L Ol ol ol o Blod Je ol s
P e IS R I RV SRR as S el iy
Slosl g o 5o SuSs gba ot 2l 5l 5 o5l
Bt (St ot 5 (S by G s 5 02
0T 51 el 4216 13 e Colkal 63 50ws ;3 BRB (65 32
s O s Jald (o 2550 (53 Shese Gl atld S
cten glosle 515 3 (SSS la e 5 glaib
Slae s Gotes Fatigue , x» ladde 0550k

S b S i 0T S a5 S sl s,

' Concentrated Hinge
2 Haselton

3 Gregory

4 Ibarra—Krawinkler

llatd

@99 g dlzxiy &)la (i 2)99



o Mpa

b yisileS wiyjlee 4 jozo dojl i Hires LIS slojy) 5910l p slojy) i Sl

o555 5 s s

T
70/4 JEl s v JELl LS WYA/A ol iy
74/0 b /4 b /A osls Ol
Skl 5l (glos ) Gl ISl Co LB s jTeas .
1 3l oodls (slagemly L 53k 5 Blanas 5 IS VL Oliab
T
800 .
600 i
4‘00 .. Haselton 2008
200 —— This Study
=0 oL s b
©-200 ot o3 aBlana 5 US S Juols b b e (sl i, (D
-400 Y
-600 )
-800 )
0
"q ¥
\ii v
.
................... .. Haselton 2008
——This Study (Auto)
e ey (LJ;L:_“J‘_ ey o

------ Experimental

OpenSEES

ok nl s aliana s IS Sl ol e s poe ()
SEELS Ll iome w1 IS
2U5 Sl b pes Colos Gl nl 5 o5dle
3 GakSS el bu g sdiodr 550 S50 s Js
GMSL 28 pcd ) glaas 5 b s Lael as 8 b,
Glos ) s Sas o gl slazel LB o1l & 1) of &8 ol
Alas e s OB RSt s 4 e daylyn ol
LS Al bosdicasE Aoyl e glalls
Losles DL et 5 g OB st e B, 5 S S
Dby b sba cuj&:{ b e Ol |y (oY

S o Sl G S s Sasl

1'%

ol 03 Blane 5 IS 5l ol b b e ke ) (0
[Yol w2 5 wsSlls golgiy Loy, 3l oslanal b i g

wiliana 55 IS 31 fol cod b o -t SS

2
700 (@) Tl
— 600
= 500 :
bl Overstrength=3.3
5 400 g 3
G 300) - S
o 1 PR
Zaool | v Veergn=193k i __]
wo|
0 :
0 0.02 0.04 0.06
Roof Drift Ratio

[VE] oS S 5 Ostben dalllan b b ooeia =0 IS02

Sl soe ) Caboe o5l s g coddplonil Sla Jolod

(1) S D3 eddeslsolis gl b b s g e
5 wlianws Jbo Glagaly o oslle 5 ar g L6 Gls
slasOlis (sl dias e OLES T (gode e slaesls

bt e S, gileand G 5 oolgi Jie YL s

299 g dloxiy oylash (i 8)90




globuw gl whyauls s bjle

v.:l;-d_»\;- Jf.tl.:.v gfbl B ) ;ijé‘)\..n )\J}»J BEl el 0l e)'Lw
Sl S8 OSs m al P S S350 e 5 el S e
4 Cond DU GBS dslee a4 e OB (V) IS5)
3 Sl b b ol el sl Oy sl
0 Al e Silea s Shas (e By ool
S bl Boes il slas s oslge sk gl
E) g)}.» L;LAJ#QQJ::J L e ol Ja:u" Lau):.w) LAJ,:S
JWEst BRB sols glaB js oS Jl= 55 58 0 508 5w
S 5l (S sl s 50l el (55 gmme oy 5o La g
Sl b 3w slasB BRB ghyls slals s 515 (%) 5y
bdlosles 0L olr b b 5 508 O35 o 5eS &las
s o Ol 61-7&[{%)\-*‘1‘ wlas T B oy s
6[.&;.;[5%@.,@ i V0 gV 0 el s Ly es
ol dlas o Sl 5l 5ty alas 4

}u{»ué Sldas J:‘i‘f" L "'\:".’)L@‘ D9k 6Lkul5 B ‘J’u‘ BE
alin QLS CL&J)\lgLagGﬁo_,;ijgch&a%e\SJb-):
Olojpd Sl Corge Lagilas USaLS! od 0l 4 S L5 s
o.,\..irasjj'él 6[..&_9] oS l;-QT j' '53":15‘ e)'l.w L;.;l:— Cn_&JJo ERS3Y)
iea 3 g0 slael alie s 5 egle LSL"L;}_'J «hls
Sl e Bl O3s LRIl L cmlne LoE Sl cud b,

V.. P . el s .

ﬁW“J)ﬁ“’.u”ﬂw“‘itiuf’ﬂ)‘“‘“uﬁ‘)ﬁ‘ﬁ)&&“‘?‘#ﬁ
Al e 3L b Lo o slite Blas slaws L glac B

~——5S3BSCMF
——553BSCMF+BRB
——5S85BSCMF
——555BSCMF+BRB

tl b e i

aib 0 Jua (D)

W L2alS 4 mie 5 ol Sty Jeate el 5 bas Ko
Sl 58, BRB ¢ Jilds 53 555 00 05l 30 sz 5 (65
S o ol 1y slo3 ) 65 51 Gl sdes i 5 303 Olite
ot e g B0 glacd s 5o &S (6 sbe
e LY 5 e sl

A8 o lr sl fe mis iz BRB sy
s wlele Al e Il s b e S i
S b glls Blle (S5 e 55 53 a3 S
BRB I sslizul .ol Js3 B (oIl 5 oo (551 M1
Slos 3 Shas 5 osls J2als 1 anylon Ol (SA3SCoL s
[YV] Mz o 2500 15 ol

ll;-fjsfcﬁw\curw\a.l;-f);ﬁ@wwxﬁ];
5 sine Slallles i b wlon b s o 5l (s
et QL) 5 s A e 5 Al aslie a e Slaesl
s AELLST slaels 5leslinad b Ll tles tu)lgs
3 3, 8hes Ao 5l ey 23,5 513 Ll 55 0 e
4 e o lon DB A LS Je e 25 53 2l 5 S
Jde 3 . slwl OpenSees )lp\p; 33 BRB slaus s
@ Ll i Jlail 5 b5l doslee 5 SB S0 Gl
Oleser Ul 5 S5l (550 Il Jlesl oS 2l glae S
Sl ity 2sde SEn WO Ole S35 5 0
B Olejen 3 Shes folb sl Jde Sl sdelise
RO Rt | JQLM JUT 5 BRB (slads )lgs 5 4s i %
e o3 ,Sks Como @i owios K05 0L @
LS5l ) Ol e LS 3ledde 5 XS s st
(s AeEs wdl sslee wals 1 )l Ol
o3zl U BRB & jeme doyl OB piecm JS minions
s sbaesls b aldeolas (slad yad KL =
AT slaesls 05 pagdoms Lsas (Il sl ine
o 3 |l JEes il (o e il @ by s
@ode ldllas 5o Joltie (62,55, S Jbe WSS

g sh D g

ol g 031 b g =YY
)Lj Jé}ﬁ ).) LAJJA C,J.l)) c;}blg.a.k 9 JLR:L..% :U;“L.A L)wL..u\ B
S ROWPRE R S R AN Cosl ey 035!
5 8es (DU LELS Ll a4 pemme ol das e OLES

Sheslenal &S (g5 sbas s Lyslen 05 OB & S (6 2

! Push Over

1PA

@99 g dlzxiy &)la (i 2)99



b yisileS wiyjlee 4 jozo dojl i Hires LIS slojy) 5910l p slojy) i Sl

Ol 5 ol Lieaslloks il 3 lyme Lo sl
Se L ol Gla S 3 s 15 (551 S a0 S das e
oRIBl s e ) 4 passs ssss a5 03 S
Sy ol S ke 3 S i

oSS sl OB S &S ol Slesode (T) Slasd o0
a0l () uils b osls 5L Gl g oS > S it 2
gl 3 pled gl s canl Oley a5 Olugs glaas o sluss
el sl oea b la S8 ehisa il il
Jolos 455 55 oo (5 Se 3100 (H) 5,0 Al b (uilS 5050 0
o8 5 Ol 650 Ol daly ol 45U s s IS sl
IYA] sl sas OLs (A) dslae 55 b5

)

1

VLAY VT aile) ol A3 (slas, S5 o 2wt L
s s 03 S sl 1) (Salys muly S ke (V004
Ls Lol g (Sl LU g8 5 s Sl
0378 o ) 2L, cpl () 5 (ilA) JS2)
5301 385 ot oS il ol ilS 585 50men 55 S e
FEE0 A5L) 03 I (o555 ¢ blis 53 sl 0l 4311 ol
G135 ash b ol Rl iy s (FEAY 5 Y8
Gl oS B b 8 S S ol O
Ssl& ol ((-A) (C_/\) JKE) Wles S sl 1 Sl
Gloslloks LS55 ik Jlp s Coanl Saasili
b s Jdos 5o (M) dsdr) o3l s sla uilS 2 L a5
Sz Fl RalS L s s O S 1 5 gl )

el e

Gt b)) Jol A5 5l edlad an &5 58 &als (0)

19

s il

——10S3BSCMF
~——1053BSCMF+BRB
——10S5BSCMF
1085BSCMF+BRB

e N3

Pl o o i

b e (O

S

——1553BSCMF
15S3BSCMF+BRB
——1555BSCMF
1585BSCMF+BRB

STREEI

i AT

\.L_,.‘L_- ol iy

b Vo Jus (L)

aib 10 5V 0 gladte C b e -V ISS

LesKobs gw), -¥-¥
Gl o dhe c(sles ) sl o o S o AST Lot s
o5 Bl i w03 Jomes LAl b o3l ot gl Ol
Ll o lyeis pl 13 )ls Coeal 5 o5le st 8
o s 13 e 1 sl Ol 5 a5 sla S
B sl 6,95 45 sls 0L Seismo Signal Jlj-élps Llas, s,
A LA G aS sl Mt w8 ek il dad
53 S HB G5 el slady ST ds s e
) S5 ((A) K8 Lls 5,8 ) 6o/ dlS 5 65 s
SAIS (ol il 8 Aals das o B g o 8 Sl e

Vive
e VeaY

oM

(Hz) s 5

i Vee b)) Lol A5 shedslad aw &y 556 auls ()

299 g dloxiy oylash (i 8)90




globuw gl whyauls s bjle

TERD
FES

FEAY

) sh i
2
&

|

LAl

A

(Hz) s 3

GV ) ey d ey 5l odulad a4y 58 ausls (5)

A
TS
[t
TS,
YD
104 YA
Yo
A
/0 w
I
M
o
. 1 D Y ¥ o # v A q \

(Hz) s 3

(e U~)Lm))m)'\n_x;i\.gjmi.u}é§\;p\;(c)

A) Jgdr 5l e, 8a sladd 5 5 eduled an 453 dusls —A S

)‘J‘e‘fj’)‘ 5JAT&:AM)4J. dﬁ' :yg)u 09 u,.uls‘).é—/\ J}-X?

OpenSees
Hy) 555 (@) OB Jsl 50 wosld oy Jde
VAR +/4) 5S3BSCMF+BRB
+/40 V/e0 5S5BSCMF+BRB
A% Vv 10S3BSCMF+BRB
+/00 V/AN 10S5BSCMF+BRB
+/0Y V/a¢ 15S3BSCMF+BRB
v/0 Y/ Y 15S5BSCMF+BRB

Vo GloB 5 osle oo e 1 CU LS Lu)les 0 s
Sl IDA (sla e Bl 700 s ((m) S5) aib
das e 0L «;m@:@;m o Alas 4w b Ve gladus
Botes cads g balinad Coll 5 Shes s35dme 45 Lol oS
b s s BB el s sl SVl e
3l 0l s gdone pl Bl e 5l e oS @) Sl
Losloses 5 b ol g e 5 ekt b Eel
(=) 5 las aw 8 Vv Jie 53 S e (5, Sekls
33 A5 03 2 /Y0g LS a3 fie Skt ol
A5 50 he,s VWY RalS oS cl gloy ) JIs s v/eYg
OYE (sl g Dad CP mhaw 53 das e OLE | 5 ke
Sl ose 3l e (he s YA L2alS) ol 0 /74g 5 ,ae A5
o dile p sl 0 /07N 53 s e D305 55 O (B s b Bl
axlge St SIS0 LY iy B ogles ) s s s

RGN

IDA s —4-¥
Sl s 2ke Al cou ol CML S lanslie s
SU 53 o L el s dadl s JIg oS sls 0L gl )
3 ,Sas Ch“ 05 Aas e Ayl sl uJac..: Jde Llas 0 4 Y
3T e (-9 IS8 6las aw fibpy Jas ¢l 10
Jde 53 s IS WYl ailes g dabey e 6l
45,2 dgly s VY SILS c@ﬁq),\nz‘umwwg
4 */AY 5ICP clamﬁj Sl il les b g 5 Ve
A3l 4 Cand G, Y 200580 slasOlis oS sy V/TY
Ly e (=) Jg,:) du:@@b@ Jdbe sl 5 0
33 9 */VV w2 /OA SILS da.ﬂ); Sl s edalie glis
3T0 Ll ales & il (51580 H/AY & /16 SICP s
OLad (ol s dglan ool 5,8 W35 4 Cnd (o s TE
ol sl IS Glees ales wn OB S aas
) Cmal 5 03l LS las gty B 4 e (5 5t

ylom b L, o cls) s 5 ey Jm rea

@99 g dlzxiy &)la (i 2)99



b yisileS wiyjlee 4 jozo dojl i Hires LIS slojy) 5910l p slojy) i Sl

.\;—U:ﬁwdadj:&l@.LS‘CP)LSkpfiwC}b):
T A slob - c.«li Ml Ll s g bl (60L 5
ol Lol e Loy w3 S 5 (e D8 4 gl
s Gohe @Al b s glol S gl S
b ikl (Sl muly 5 odd 65V e Sl

Loz S 4 2

—— 583BSCMF+BRB MS — —583BSCMF+BRB MS+AS

—— 5S5BSCMF+BRE MS — —555BSCMF+BRB MS+AS

o

il 0 Je (L)

—— 1083BSCMF+BRB MS
—— 10S5BSCMF+BRB MS

— —10S3BSCMF+BRE MS+AS
— — 10S5BSCMF+BRE MS+AS

Sa (T1,5%) (g)

b\ J (0)

—— 1553BSCMF+BRE MS
—— 1585BSCMF+BRB MS

— — 1583BSCMF+BRB MS+AS
— — 1585BSCMF+BRB MS+AS

=]
=

LS

\\
\
N\

N
N
\
\
\
\

-

\

Wi

AT -
//i i =
!

s
s
2

$a (T1,5%) (g)

\

10

\

e s oy
Sligh iy o aty

aab Vo Jus (C)

el s (104) wlae powe ol dslin -8 3

‘;’..ga oo —O—Y
eddgdy)lge laB ;w S smie (s ol e
dDA Jow gl A o 03 J g 5 ol A5 Jl o

¥\

salin erlis g5 o((Cm) JS02) s gy &b Ve Jaa 53
Slosd s 5 +/¥ag s 2. A3l SUSLS cla.ﬁ BN e
32w 43l usCP Cla.ﬂ 05 5 (o s YA JalS) v/ g
o el (Gl ys WY 2alS) v/EAg los ) JIs 5 2 /YYg
V53 B s e 35 55 S s b Al Sl e
DS 08 iy 3 Olan 3 (sl Iy o Ll cole ol
el 83 S w2 (S 5 e

Ble 100 Lo o((z-9) I8 ab Vo glac s
@@\O}QL&:M@\O sldde gl L IDA gla oo
b, Toas 10 5 Shas 635000 3 Ll 45 das o OLES 4ilas
Sealas S b s e 5 B als 5 Ll Sall
b 3 s 5l e Y 30 slad 53) 3 sd el sdaline
il EalS Sie e edd et b 4l 305 e le s sdome
LS e S srlate slaadipt 5 eSS b b slals s

33 e ot SASLS sl s 6las 4w 1ib 10 Je
TV Sals oS el v/otg slos ) s 5o 50 /WEg s e 35
Cla.d 03 s e Ol g 4 o sy A5 gy
o) ol Vg (glos ) st 5 0/8Vg 5 ae A5)y s P
LS gl 3 cailas iy 42510 Joe sl (sbos 80 L i
oalS) ol v/0Yg (slos ) I 5 Ve sk Ay ud
S5 5 0 TVE s e Ul us CP Clwﬁ; (o s YO
(e ,3 YA Lals) cul v g slo )

Gt slo3) g oS A5 edalie bdde eles s
ol 88 asde e U5 4 Cod VL ol ol
Sl sS5 los ) sl Shs 5 oas sl o b Cada
Sy > O3 gdome Jdaas 038 a3l 03 ) 5 el U5
Sl 3slse Bl 3 OB e/t ssdm s ol D55 sl
SVl 63 sua 53 W] Gl s et e 2l il
Syt ol B35 o g5 053415 (63,5 550! 3l el 0l 3L
el 03,55 CliS e e 2l 5 Laoldl 0l
Sloslo olsS Slas Aslil 03 ) my ol gl 15 oy 3
e 02 Il el s O (52 0 IS S b 5 a8
slosd s b 53 (Sles muly e 215
Y sl S U ladae oS das e 0L b s
bl b b a3 Sl e s il SLS &k
S5 o s,ae A3 o Fol SOl s S, o Ll
Slagal wglos) JIs 55 Sosba i e LAis gl )

&.&.Ussj.l;-é;}&;@gw.@\aM@L@SSJﬁ

@99 g dlzxiy &)la (i 2)99




globuw gl whyauls s bjle

3 P Ol S BB b e OB/ sl Cdy o
o 03 S Do (IS L 5 S o Lai | 55 a sl
D55kl b pn 0T S a5 2alS 5 s 25 s 55
w38 loj ) JIg o eddgbslge OB a8 sy s Zsls
Al 2k A5 a0 s SV sl Dl feod

o3le BLISedly o o S, L oS gl ((V0) IS
Ly ol L5l SlS (glal ok slas, 10850 b agrlso s
IYAT das o OLES

o M 5 D Gatld Ol sy ol ope ik Sl
SSs e A eslital ol asls Olssa S
Loagrlpe 5o ol canl L o> g8 Jlazml Saias0lss
o e 4 Ol plralr 5 ol (S L il e
oLl |y il (65 Shas C-"Lw 23 S Sy ol
s 68 sl 0L gl ) 5 5k 305 oy el 35l e
23 Seelas oL 5 s e D1 g e 5 Sdes (gl )
Q) ) das & $AY gl 55 CP LS ija.w

sll 5 kol D35 g 585 5 e 48 ol OF Gl ol e

YLt LY
A A
g ——10 [MS) }, w 10045
o o LS (MS) >, LS (M)
4} P (M) 4} ——CP(MS)
oo ——C(MS) = ——C(MS)
ﬁ ~v g5 e LS (MS+AS) =*j B R A e, LS (MS+AS)
O N A A CP (MS+AS) T R N o L CP (MS+AS)
N r r 5~ 77 C[Ms+As) ? I N R o C (MS+AS)
N 0
Y/a i e e e A Yo
(8) s i (8) res o ey
5S5BSCMF+BRB J4» (<) 5S3BSCMF+BRB J.. (l)
Al A\
A N e
A A
% o ——10 (Ms) % i ——10(Ms)
9 —— LS (MS) 9 —— LS (MS)
3 ” CP (MS) l _ ——CP(MS)
7 ! C (M) 3 e —c(M8)
A X I | LS (MS+AS) AN N N | I et LS (MS+AS)
P | A L CP (MS+AS) L N (i CP (MS+AS)
N N P C (MS+AS) SO I N | C [MS+AS)
Y oY
N o
0 Al AV A A \‘..b
(8) ooy Sl azie () s it ety
10S5BSCMF+BRB J4e (&) 10S3BSCMF+BRB J.» (;ﬂ_;)
Vo \
oA L 4
_ D7 N HA
4 K.
Y oov L _‘J
é‘ . —— 10 (MS) 9 10 (MS)
il “r —— 1S (MS) Bl —— LS (Ms)
A N ———CP (MS) -; e ——CP(MS)
3 1 —— C (MS) 3 € (MS)
S N /b LS (MS+AS) O I O LS (MS+AS)
S5 oo Loy, L CP (MS+AS) L O N I R o — CP (MS+AS)
L I O X C (MS+AS) v wHs oS e C (MS+AS)
\ Al
Yo
0o \ Al Y A
(8) ot Sl iy (8) iy e i
15S5BSCMF+BRB JJs (C) 15S3BSCMF+BRB Ju.. (&)
Lol gl ) Sl pows -\ S
1

299 g dloxiy oylash (i 8)90



b yisileS wiyjlee 4 jozo dojl i Hires LIS slojy) 5910l p slojy) i Sl

Lﬁg@é:ﬂ»& ija\ﬂ)>‘/0~ C,WZ.,@\_)} dw‘b}w&uu—* Jgd

Frossb ke _ iy salizad _
LS) Sl s o5l Sles ) b

P Sl e 10) & A s
A % Al slas ¥

ab 0
«/e /01 VARt $las 0
v/8 YE +/+47 Llas Y

b ). Jol 5
Yig1 YAG NG £las 0 ' /
V/EY VY0 +/+QY alas ¥

b Vo
ARY YV v/v A8 alas 0
\/Y \/oY - Llas Y

ab 0
+/40 A'At - alas 0
/00 /88 - slas ¥

A_irb Vo 6\°J)J \jj
/0 VAt - slas 0 <
Va\s v/0 - PHUN

b Vo
v/07 v /89 - slas o

s 70/8 doh d3l5 wolus DBE o 53 .23l Jals /A &
Jsl 4335 ol MCE cla.ﬂ)s ETAVAY £ A5l ool
Sl INE e s A5 ol 5 LYY/ & SLIBITYYE L
3 (=) I8 alas o aab Ve Jle s sy TANV @
& S MCE a3 Sl Larls fals (=)
3TNV J5l 35 sl DBE mhawe 55 .35 /4Nl DBE
<l MCE Cjﬁ..ﬂ)}j.l.;uir)"}f./‘i/o psd 5 ool
b ess U305 olest 5 AYAO a4 (5l UYVe L Jsl U5
Solest il Vo e 93 a5 dewy 1070 4 1 BlT/YY
2 esn A5 cols 5l 5Sn mdan 53 a3 sl A5
ol Ll 5 oslol JRalS Wy, wib 10 slac
P ('C—\\) Jﬁ,i) Glas aw a2l V0 Jle jo E Jates
53 */AY WDBE 3 +/AY Sl 2alS JA/A L g,5Tab ((-))
ol 5 7Y 5l U35 sl DBE a3 . dow; MCE
a3 ol MCE C]zm 03 S s o LNV SR sl
S Ay MYV @ po2 A3y ool 5 MWV 4 Jal
Wb V0 Jde e e LIS 1 sho 3 VY YT (gla il 58l
b3 Shos ks o (1)) 5 G-1) JK9)) wilas =
A A LN el L oslolb el wels
A5l oyl 5 74/Y Jl 43y ol DBE Clg.ﬂ)g ey
IXEQ L Il W5 ol MCE ek 53 Ll 635 10/F 053
TANN a5 El BUINOY L g3 A5 sl 5 IXY/Y g )3

s

e

Syl 5 slob jasle -y
St e (515318 (V1) ) Aas e OLES mls ()
5 Guslob [2alS w2 bdds sled 5> MCE « DBE
Blas aw Jde aibpi OB s opde Sl LI
ol L gpslot jarls (o)) 5 (b)) K8)
cla.dﬁ e ol 3 oSl sdemny +/40 4y +/40 31T/ s su
bl 035 slos ) I 5l 5 ae ol d335 ol DBE
Sd bl mly Gl atls g3 a MCE sl 4 Ul
Sosba 2y St b ol A5 ool
TV0 g slos ) s oooles 5 TNO o Jol A5 ool
DBE 4; oot MCE > s ol 435 ol ooy tds
IAYY ps3 A3y Sl a5 Jljs sdls Ak, UYE 0
s (V) IS8 wilas o uﬁ]ac.: Jde 53 sl ol 5l
Sl L gsTol s salin plis o, 50 (0 =))
435 @olest DBE mhaws 55 dewy /AN 4 +/8L 51TA/0
Losge Y78 Glos ) JIs b pss B35 ool 5 0V0 Lol
SR @St b Lol MCE b 4 Ol
WS SR s s Jol W35 ool Obe Aol s sl
©ess A3l oolus 50/ @ Jsl A5 sl S sbe
bt Ol 5 gl S b Vo GlaCB s e, TV/A
Slas aw il Vv e oo ol Ol g5 A il
A0 SIINE palS L g5t ((z=0) 5 (e=))) JS2)

@99 g dlzxiy &)la (i 2)99




globuw gl whyauls s bjle

Lol (555l s3de mbs -V Jgu

sl astls Sl Sl Sl g Sl N e
. S
®R) Lpe(2) £33 d35 Lpe(1)) Jsl I35 35
/90 1XIN R7A1 5S3BSCMF+BRB
) ] DBE
+/A¢ 1Y/¢ 7.7/ 5S5BSCMF+BRB
+/4 1.7/ 7. \A/O 5S3BSCMF+BRB
) ) MCE
o /A /. VIA /.Yo/0 5S5BSCMF+BRB
+/q0 YArAR 1.0/¢ 10S3BSCMF+BRB
) ) DBE
+ /4y /. 870 LYV 10S5BSCMF+BRB
VAV YA 1YY/ 10S3BSCMF+BRB
) ] MCE
vIAE /. \e/0 /. YA/O 10S5BSCMF+BRB
+/aY YAAY AnYas 15S3BSCMF+BRB
) ) DBE
+/AQ /. 0/ /. a/Y 15S5BSCMF+BRB
+/AY LAY 1YV 15S3BSCMF+BRB
] ] MCE
v/A L ANY /AR 15S5BSCMF+BRB
\ )
an
Y e
/a¥ an
3 2
3 oa 1o
2, M 2
J‘a e J" e
B AY N
A .
Yo o Yo \ YO Al Vo Y YYo Yo VO Y A \F ¥ And ¥ A oF Al v
[STERIEES (ST
5S3BSCMF+BRB (MCE) (_.) 5S3BSCMF+BRB (DBE) (_4l)
- 49
A o
3 3 v
V.!- O ‘E 4
Vo
" Yo o vo Voo YO o Wo o Yes Yo o Yo VO ¥ ) . A s vt v ' A o5 #¥ vr
G oles (3 2
5S5BSCMF+BRB (MCE) (&) 5S5BSCMF+BRB (DBE) (y)

e

@99 g dlzxiy &)la (i 2)99




b yisileS wiyjlee 4 jozo dojl i Hires LIS slojy) 5910l p slojy) i Sl

i A8 kS i
ol S cds

Yo o VO Yer YD 0. MR Yee YYD YO: YWD T . A Vs e Y ¥ A or ¥ vy A

(950 o G ol

10S3BSCMF+BRB (MCE) (C> 10S3BSCMF+BRB (DBE) (&)

cIAD V-i

ol 8 kS

VD

YO &+ W& Yes  AY@ N8 WO Yee YYD Yae  TVA Fe. . A Ve Yt vy ¥ A o5 ¥ vy A

(Gag) Slay Gy ol

10S5BSCMF+BRB (MCE) <C> 10S5BSCMF+BRB (DBE) <€>

i
ol S kS il
3
4

SERELS [SERIS)

15S3BSCMF+BRB (MCE) (») 15S3BSCMF+BRB (DBE) ('C)

-0
An

as
“AD

Vo

e IS kS
s

e ol S kS
E

[SERAEES) SERES)

15S5BSCMF+BRB (MCE) () 15S5BSCMF+BRB (DBE) (5)

MCE 5 DBE &l ;3 ladds Goslob Laxls -V s

sawlaib 1o 51 0 Glaol b ol Saesls S does —8
Al 5 g ol gladleatle saulel Olgea dlas =y ol o3 sl dlin 5 L3yl iass opl Gua
..1..:'::L;.Uf_‘_gle)'JJéﬂgﬁ&bzsletw)\;ljéjb;].u Glos) I L agrlsn 55 ObLBLS Al 4 e ;w)]&

Q}JLAML&LJJ\@:&UJJQA&)]é:})aﬁg.li:eg}.&l;-c:b LSL“ e s ;5‘14}]:‘9 i” t‘:’." éu o )‘ oslazel Lv

L)

@99 g dlzxiy &)la (i 2)99




globuw gl whyauls s bjle

ol A L SIS s L 0T Sl ol
Sy e
bt 1y 8l 5 e Jeol D35 s o ulal =8
23 5S35 4l 6551 SRS 5 ran
s Dlib sl (RIS e el ol 2l
B I e P
el 5 il oS 5 oS Ans o OLE W3, ol 50 S
Ol (Swalis 5L, 5 lediS pend A& ailas
eslis b ln O & a5 5l o3l (5 il
Ll (S5 8 Sle5 )
Sl g5d ole sl 45 das e 0L Jol> =l
O (Saalys 5 min sla Sy 4 asly o)y oy 35
Siledled 5 w5y s 5 belas sl (Db sl el
el il il gl bl
k3 GO 5 IS e s Shes (~b
Jolse 5l b les w55 gileang 5 P-Delta ol 3 2als
5 los ) (ShSs gl flowi b ppizmes Laal titees (5S
WS s e 0L 5 e bl (Saalys 215 e s
S5 5 g S5 JUES) S L3l sl S b sl
Sl 5 b e e el me 250 e O
2 g Ol

g LS‘JJMU‘_}»;‘U .bb;wja)‘) 45‘_)\ J\):.a L;LA‘\.SJJ)
zb S O3 eslaalsyse les ) b sl fesll) sias

sl 5 Cf.': < e.LJCMAcq

o2li MCE « DBE &3 5l o mhaw I3 L
55 ol Ol 5 anl 2als ladde sled 3 o510l
(o3 0m) p32 305 5 (o) Jsl U35 b 55
g;.w\w‘r.g_al&.w\n;\%&ljj\ﬁjd{G)}L@
sl ol D335 51 56 el 5 Glodas ise 45
go)Lwd}‘:y‘bx_,g)jw..olsjﬁdbbujuijvu;)“
o I3 s sl clebe 4 5 2y (6551 DLl o 5
Lyl s aojle iS5k can b ials 5 as Sl e
Sl Rl g g 03l A s e )
S 5 Sl 365 ol 305 4 OF 25 Ll 353 0

S, Glas Jgl A3

-\

oaS N0 s sV w0 5 Olad sl 058 L Y

S RE sbe Dol LI 5 oslol pasl
Ol oy S o et V0 Je j3 aigal gl S 5 0
7YY/ 50>~ MCE c}a..u)é ol A5l a by e ool
el oy TAIMY 590 4 05 ) e 31 G3U sl
Al g adllandl I el gLl S
S5 s sh e PDelta S ka5 Sie e
Carse ool s ol Db a4 b GO 8
S 853 e 25d e (15 Gl 0 el 1
oS3 A ol s 1 Ol il (glaesle S
Ll5 eSS Sbplralr 5 atle Sl ol
g s oS Sala bt b Sls 4 S el

s Ll |y el
S ol DL wles gy s les aw slasl s dlis
ol 5 Al 56 Sl wlas o sbdde
n Sl S gt ol s S S 65
oSl S (20 Rl s el b g e el (Salis
P S GO Pl e LB e
e e Al Dlib s c s 5 gl
S s ailas el & Cod U NS gladilee 55
el S a5 o ge K5 n oS ol sile oG wlas oy
035355 b yo Sl il 5 ol lg S s
)95 53,5 LS |, P-Delta &l J1cailas = B 5

\F#

@99 g dlzxiy &)la (i 2)99



b yisilaS wiyleo 4 joxe dojl i Hiras LB slojy) 910l  slojy Slgs S5l

Engineering
(In Persian).

[15] Wu, H., Zhu, X., Zhou, Y., Djerrad, A., Chen, Y., and
Ke, X. (2021), "Seismic Fragility Assessment of Self-
Centering Hybrid Precast Walls Subjected to
Mainshock-Aftershock Sequences”, Soil Dynamics &
Earthquake Engineering, 150, p.106941.

[16] Nugroho, L.Z., and Chiu, C.K. (2023), "Damage-
Controlling Seismic Design of Low- and Mid-Rise RC
Buildings  Considering  Mainshock-Aftershock
Sequences", Structures, 57, p.105099.

[17] Wang, X,, Xie, L., and Liu, Q. (2023), "Comparison of
Seismic Resilience of Hybrid, Isolation, and Damping
Control Reinforced Concrete Frame-Shear Wall
Buildings", Structures, 58, p.105481.

[18] Cimellaro, G.P., Reinhorn, A.M., and Bruneau, M.
(2010), "Framework for Analytical Quantification of
Disaster Resilience”, Engineering Structures,
32(11), pp-3639-3649.

[19] Li, P., Li, X., Wang, X., and Wang, D. (2023), "Seismic
Resilience Evaluation of Reinforced Concrete Frame
Considering the Effect of Mainshock-Aftershock
Sequences”, Applied Sciences, 13(23), p.12620.

[20] Bghaei Lake, E., Homaei, P., and Mashkoh Aldiny, A.
(2021), "Evaluation of the Strength Component in
Seismic Resilience of Short- and Medium-Range
Braced Frame Structures at Construction Sites Near
Faults", Sharif Civil Engineering Journal, 37(2),
pp.159-171. (In Persian)

Journal, 52(2), pp-305-320.

[21] McKenna, F., Fenves, G.L., Filippou, F., Mazzoni, S,,
Scott, M.H., Elgamal, A, Yang, Z., Ly, J., Arduino, P.,
and McKenzie, P. (2010), OpenSees. Berkeley, CA:
University of California, Berkeley.

[22] American Society of Civil Engineers (ASCE) (2022),
Minimum Design Loads and Associated Criteria for
Buildings and Other Structures (ASCE/SEI 7-22).
Reston, VA: American Society of Civil Engineers.

[23] Black, CJ., Makris, N., and Aiken, LD. (2004),
"Component Testing, Seismic Evaluation and
Characterization of Buckling-Restrained Braces",
Journal of Structural Engineering, 130(6),
pp-880-894.

[24] Haselton, C.B. (2007), "Assessing Seismic Collapse
Safety of Modern Reinforced Concrete Moment
Frame Buildings", PhD dissertation. Berkeley, CA:
University of California, Berkeley.

[25] Panagiotakos, T.B., and Fardis, M.N. (2001),
"Deformations of Reinforced Concrete Members at
Yielding and Ultimate", Structural Journal, 98(2),
pp-135-148.

[26] Chen, Q., Wang, C.L., Meng, S., and Zeng, B. (2016),
"Effect of the Unbonding Materials on the
Mechanical Behavior of All-Steel Buckling-
Restrained Braces", Engineering Structures, 111,
pp-478-493.

[27] Dunn, ].D., and Pantelides, C.P. (2022), "Seismic
Retrofit of Reinforced Concrete Moment Frame
Using a BRB with U-Plate Connections", Journal of
Structural Engineering, 148(9), p.04022117.

12"

8|Jc—0

[1] Iran National Standard No. 2800 (2014), Iranian
Code of Practice for Seismic Resistant Design of
Buildings. 4th edition. Tehran: Building and Housing
Research Center. (In Persian)

[2] Federal Emergency Management Agency (FEMA)
(2003) Multi-Hazard Loss Estimation Methodology:
Earthquake Model. HAZUS-MH MR5 Technical
Manual. Washington, DC: Department of Homeland
Security, Federal Emergency Management Agency.

[3] Proag, V. (2014), "Assessing and Measuring
Resilience", Procedia Economics and Finance, 18,
pp.222-229.

[4] Cimellaro, G.P., Renschler, C., Reinhorn, A.M., and
Arendt, L. (2016), "PEOPLES: A Framework for
Evaluating Resilience”, Journal of Structural
Engineering, 142(10), p.04016063.

[5] Ministry of Roads and Urban Development (2013),
Design and Construction of Reinforced Concrete
Buildings, Part 9. Tehran, Iran: Ministry of Roads
and Urban Development. (In Persian)

[6] Ministry of Roads and Urban Development (2015),
Part 10: Specifications for the Design of Steel
Structures. Tehran, Iran: Ministry of Roads and
Urban Development. (In Persian)

[7] Iranian National Building Code (2013), Part 6:
Applied Loads on Buildings. Tehran, Iran: Ministry
of Roads and Urban Development. (In Persian)

[8] Computers and Structures, Inc. (2002), ETABS
User’s Manual: Integrated Building Design Software.
Berkeley, CA: Computers and Structures, Inc.

[9] Farahani, S., Akhaveissy, A.H., and Damkilde, L.
(2021), "Equivalent Viscous Damping for Buckling-
Restrained Braced RC Frame Structures”,
Structures, 34, pp.1229-1252.

[10] Federal Emergency Management Agency (FEMA)
(2000), Prestandard and Commentary for the
Seismic Rehabilitation of Buildings. Washington, DC:
Federal Emergency Management Agency.

[11] Wang, ], Tan, P, Huang, T., He, X., and Zhou, F.
(2024), "Shear Fragility Analysis of Non-Classically
Damped Three-Dimensional Structures Under
Seismic Excitation", Buildings, 14(12), p.3967.

[12] Azarbakht, A., and Dolsek, M. (2011) ‘Progressive
Incremental Dynamic Analysis for First-Mode
Dominated Structures’, Journal of Structural
Engineering, 137(3), pp.445-455.

[13] Azandariani, M.G., Azandariani, A.G., Rousta, A.M.,,
and Nia, H.M. (2023), "Seismic Fragility Assessment
of Reinforced Concrete Moment Frames Retrofitted
with Strongback Braced System", Results in
Engineering, 20, p.101504.

[14] Maskochi, R., Cheraghi, A.H., Ghodrati Amiri, G.R,,
Darvishn, E., and Rajabi, E. (2021), "Comparison of
Probabilistic Seismic Responses of Flexural Frames
and Column-Link Frames under the Influence of
Successive Earthquakes", Amirkabir Civil

299 g dloxiy oylash (i 8)90





   S a  (  T 1 )


   S a  (  T 1 )


   S a  (  T 1 )


   S a  (  T 1 )


   S a (  T 1 )    record


  S F =     S  a (   T 1 )     t a r g e t    S  a (   T 1 )     r e c o r d × g


   T p


   T s


   T p


   T s


    L  D E =   ∑  J = 1  n    [     C  s    I  s ] ×   P  j  {   ⋃  i = 1  n    (   R  i ≥   r    l i m ⁡  i ) }


   C s


   I s


   C s


     I s


   P j


   [    C s   I s ]


   P j


   P j


   P j


   w i


   L DE ( I )


    L  D E  ( I ) =     ∑  k = 1  n    w  i     ×     L  D E  N


   L DE


    f  r e c =   t −   T  0 E    T  R E


  Q  ( t ) =  [ 1 − L D E  ( I ) ]  [    H  ( t −   t  0 E ) −   H  ( t −  (   t  0 E +   T  R E ) ) ]


  ×   f  r e c  ( t ,   t  0 E ,   T  R E )


  LDE ( I )


   f rec ( t ,  t  0 E ,  T RE )


   t  0 E


   T  RE  


   Q t


  0 <  t 0 <  T  RE 1


  R =    1    t 0 +   T  R E 2   ∫    T  0 E 1    T  0 E 1 +   t 0  Q 1  ( t ) d t +   ∫    T  0 E 2    T  0 E 2 +   T  R E 2  Q 2  ( t ) d t


   T  0 E 1


   T  0 E 2


   T  RE 1


   T  RE 2


   T  0 E , 2


   T  0 E , 1


   T RE


   t 0


   T  RE 2


   T  RE 1


   2 3


    S  D S =  2 3   S  M S


    S  D 1 =  2 3   S  M 1


   V W


   V W


   V W


   V W


  f =  1  T  


   H z


   L DE (  I 1 )


   L DE (  I 2 )

