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ABSTRACT

Concentrically braced frames (CBFs) have become prevalent as a lateral
load resisting system due to their rigidity, low lateral displacement and
ease of implementation over the last three decades. These advantages
encourage the increasing utilization of this system in the construction
industry. Despite the advantages of CBFs, the lack of ductility and
buckling of the bracing element before yielding is the main disadvantage
this lateral system. In the last three decades, studies have become focused
on the ductility and energy dissipation of the CBFs that were modified in
terms of using dampers and fuse segments. The current study aims to
presents an innovative Composite Buckling Restrained Fuse (CBRF) to be
used as a bracing segment. CBRF with relatively small dimensions is an
improvement on Reduced Length Buckling Restrained Brace (RL-BRBs)
as a hysteretic damper with different performance in tension and
compression. Extra tensile elements in a novel configuration were used to
compensate for the limitation of tensile strength that exists in bracing
elements containing ordinary fuse segments. Here, some key design
parameters of CBRF such as length and cross-sectional area of the core
are discussed theoretically. Two specimens were designed and tested
under cyclic loads. Moreover, the hysteretic response of the specimens
was evaluated to calculate their strength adjustment parameters. The
results indicate that the proposed CBRF has a ductile behavior with an
average strain of 5% and high energy absorption capacity along with
sufficient tensile strength.
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' Buckling-restrained braces, BRBs

1Fe GAYF amio 1 oo Jlo oF 0 ko A 6598 ol g0 3y (wihign i g 3 — (ol 4 yid \YA


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

Gl b askd (ol ogai o)lil coly (623 (el caslin (55 SVl 4 (oo lojls Soed nl o Ty s

@ 00l 3)ly (S9ym 9> llae (ud SGEWDL (ed g oud i lee g plaSgs G5 5l Ble wiplee gae o (SWistlad AE

sy ol pon a4y Sleidle o S0ley Sl 5 1) Gagas g oolittal (J2l) 5908 (nl obsS Jsbo cnlp ogdle yles oo Sodinns | s

el ot a5l 2y jamalS GME Ky 0 oud dpass cheline S (slae ol pan 4 0V oligS Jobo Al o5y 3l 5ub el il
el o ools GLad ¥ S 50 ol eaims LS 152l 5 09590 ainlen o 50 59u8 nl (6518 092

| 2750 mm

1930 mm
1500 mm

05)9-5 M)L@,o P CBRF 3&5‘%-9 | CBRF gl3>!-l
oo &lyl cpai joud o Sl (sl Y Sl
azhd pl cSle jo ool colatul (Brae plas oS g9y p lpe 4 ,SU LQW b juileS 598 ol olisS Jobo
a3l 99, o) b awslie jo golamdl anie (ials b pol) andad pl 0gs &g, g asldS JolS Job pdob iileS o)l SO 4 s
WS 5| g wiloe goie (S asni b aglio )0 1y (gt (golatdl b0 il 428 5l e j9ed 0l 008 s P9 e ]
ot olisS Job 00,5 o adlol 35 slojle piacew 4 568 cpl 5l oolainl es (6,550 i o S a0l LS 5 ls ol e 4y 0 S
SO At 4 S | (g on G0 S Sy s s olula jo dsdad ol B el onds el 530 ileS a8 ol (635 e
3631y 5395 " elS Usb s o 3508 ol olisS ated b Canl onds sl 33 Jale sl ioules ayos JolS Jsb piulileS ot lge
Ol 03 Fge g e Sl S 59 sl clio Jsbo Gmad S (e 4 a0 plol | (6 iiilin (65 51 Sel 5 o0l Stadly
w‘ 0 w‘b).: U—l L 4.@‘&‘ )b 45 w‘ Lg‘a)l.w )5..\3 wl.ua 6))"‘ J)l.w‘ 9 Lg)JJJJSw

3945 §35 p0 dmd Jgb dwlno -

Ly 9 6551 Sletl s n B IS Gl )3 S50 5 e Sl o caddllan cnl )3 00l @il 5028 (635 10 i Jsb ()b

buogie ()5 mhe U005 0 Sl 55 0 atan jaih (oo Job I oslitul a5 slaigS a4 aBloe askid ool )b cod)l
S35 o Wt J5obsS (s Jobo DLl o0 s 5l iogd a2 5028 Lawgs LS bl S0 50 655 e ates b 50wl
sl NSk cod s wllas Vb a5 )0 1) 43 )2 05 (Snd oy b azlye )3 (280 (SienS Joaily Wlgs oo 5
So 5 g aheb jlre (lulr b calite a)les gie (plmla Gliee 3l 513 A s L Cl Lo jshate Gem 4 aBl 4l s
23,5 drlons Jsb (nl i oo s 5L 990 Jsbo (Alas (el (10 (S oy (ol 15 ks

E =N ) Ly s Lasgie 25,5 A i Sy o bl 5 6l e 1635 o aed Jsb o9 olsS & azgi L
GLoli lsee b elie 535 0 ad Job B ol o5¥ jslane om 4y oodls anlss (g ke olisS ates Job b aski sl

' Short-length
" Full-length

1] 1P GAYYF amio (1F o0 Sl oF 0 ko <A 090 codliv g 0 b (wiigo g 3 — (ols 4 pid


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

0 il i ol e ke 5315 )18 15 e b i lge 50 jlme 6y almlr pou 3Tl b canlite 4 (25,5 war3SLe
Dgi dmle (V) alal, 51 Sleaslo sloaalipn ] Gubo
sin

26
)X Ly, M

Bp= (6% —

Bl e 508 axlad olpan &y iy lge S 6 s 5 (5,50 e (bl ke saims ol i 4 Ly 5 Ay o o o

pae slre olmlr Glgce abuly ool Sl eslinl b ailie ail Cuiyyo 05 B 4 Cod alplee gie agly Sk BT opdle

s 29,5 3,5 5908 axkad 4y Cugl oo e plmler o5 (ol g 558 dalad (Swiglad (1 4 axgi b b 0y Cews | iy e
Do duwlone | 9.8 dzlad Job iSTas e lawgie (25,5 ol 13 aiae b

L,=— M

L omb a3,z b (Kend onpay (G50 cess Jlatal Wil o glaz sz (6 50 Cod (555 0 s wllas ol )l

aaksd o 438, IS 4y b pae il £55 097 Slelse 51 e ml 4552 b (S byl Ygans ams 2l 50d (535 0 4t sl

—5edlS Lals, 5SSl (6,5, o o9Ys askd T Saes jes (e shsllie Sl abaii 5l ool (sl 2 6 ISk S5 €55 5

s canlie Job Jlas olgi oo (L2550 5 08 slaad pz el 5 ISl USSen g5 b clite a5 Cenl anilne LB (g

85 il g 43z oS (S Lly; n 5 late 2 (V) abul) 0 0ad 1| (guio IS alal, IYF] Sgas i 1) 5928 635 0
D9 5 ol Sl 9 SVl Ceand g0 4y (1 po ST 25,5 assls

As As, Az, of . -
0F_Dfe 2 _ o ¥
T =5t =5 @NT 4 (2N P

€ 0¥gd atiwiwVl Jode E o Stdb 15,5 ansls Agy, StV 25,5 aiels Ag, (ji5,S als Ae o o aS ] o aS

Sl 5 (S Cwglin glad € g b g askad IS )L 4 > Slaw Ny ((Sis Cwglin oo OF (K pd SKE oo

Cawd a5 (5,185 )L ol aels b adlas Gali;;;.,“uﬂ s 5l e el )l cpl polae a5 aidl go oolainl 550 pdlae Sws (5 4y S5

Iral Sges a5 Bro o] ) Olgiee «(F) alayly jo Sy 135 a4 Cond SVl 36,5 Jlade (09 S>gS 4 4z g b .J.J‘sa

9y 45 4Bl ol Llow 1 jslaie (al 4 09y eals5s 509, (Slas sz (5,105,051 (26 als b Lealil; g8 by )0 4 il oo

SOl Gl By pre e 4 aS gy cpl jo el ool oolaiul wnl (55900 ST plain gyt aald L Sis o 6l
g go oolaiwl (V) alayly jo 0als ools lid &0 4 (glas > | oS o jlads all

Zgi_;hzﬂ )

D yalyly aib oo 0; S v (0 Jlas Siws jee sbbas > slaws (V) 907 (i o b bras > slows ar; ol jo a5
(855 o awd Jsb JBlom dwle jlaie a4y a5 aib o Lo 1y s oo yi ke Wyl oo s @ iulesl 5l eolanul b Goes a5

el 00 03,51 ;iule By, 0 Km0 08l diges ¥ S j0 il 0l 00 puedt Ay 5l eST lade oyl

ol p.db‘}?' ‘(\c) ‘\-]GJ‘) ) (Y’) ‘da“‘) u°‘° )‘J‘§ L’

m

m;
Z Ag L =1 )
L — '

rv Strain demand
" Story drift
' Fatigue life

1Fe GAYF amio 1 oo Jlo oF 0 ko A 6598 ol g0 3y (wihign i g 3 — (ol 4 yid \Y.


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

Oj g b a5 > 1 "

o polie

»
>

Oy i b a5 > 1

SIS )L slaas >
ogliin slb i Aol b (g, )b digai : ¥ S

ol o Wil oo i 4% > )0 00l oloul 13,5 lade Agl}d)‘;\f)l:’ SS9, Sody sboas > slaxs m L’)T)ettf

ge =2 )
E._' = Z I,L_

5 (0) adasl,y jo (F) akayly yols (1,8 Lol oo 5908 (635 po aed Jobo Lo g7 a5 1> 10 ouls olowl S0 s aisls ol Ay ) jo oS
IYF] cosls punlys © oyl (lp dhie 6 lie 8,5 L5 o cpuioman g Lulg, (s 5ke ool
1
L, = (=) x Al %
£
Ailos () abaly &g 4 A el )b o] o as

2l

1

2l

|%|j )

A=(2ny XA 420y X AC £ e 4 2ny X AL

ate Job sl (V) 9 (V) Ly, ol oo (225 10 Alae olod (25,5 plp o (( Knd 60 JSS o yo (Jgore lae sy
S (o0 e [ (35 o dnd

SOl (g jgud Sl iy g (2l Hb -F

o —\-F

el 035y [¥F] ST37-2 ¢ Slazsle dnys o¥ed 5 Jgome i 5l UKiie i jenels askad ol el o 4, IS 4 wllae

S smas slael plaie 4 oad oolitul o, e (rizmen 5 635 0 At 35 ol S5ed (nl 55 oolitial 550 (59Y98 llae lasis
o aaka l s el oad eoygl ) Jga o laialesT cul el [¥V] ws 3 2l sl Sogige o2iS b cow nsS Lk
oolatnl (go¥g8 aind LS | Camilon (sl (ol Gloe Sl Bl jslaie 4 (g3V9d M JS (bgd ablie ouisS p lgis 4 (Jgene
Y 2L b Jsexe o2 5l el cnl o (o285 sl ygileyl (656518 (T 52 ogdle 5 O ablio slal (350 SsS Jdo 4y el oy
Gnles] @l el o oalial (Glower (335 42 o e 40 10) oS s ol 4 (iaiao VY 1 52a8) 525 sanpails b ailaSaw

sl 00 00l QLMAJ \ Jj\.\.‘> B L)"" U"‘ 039, YA 9\/ QS"‘&A 6[.&4.59.0.: )Lwﬁ

las olasei 11 Jaus

7 1P GAYYF amio (1F o0 Sl oF 0 ko <A 090 codliv g 0 b (wiigo g 3 — (ols 4 pid


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

o oYed
eblis ) S sl Sl (535 0 a3 )9

ARRIIN YAON Ya-./YA MPa P
\idAs 039, ¥ (5 Lad cusslin (MPa) ( ) PNIERY
£.Y/0 YAAYY FAV/EY (MPa) _ls s
AAAE AR YIYoyxy - vivasxy.? (MPa) st ¥ g

./.\ ./.\.a ./.\Vf % ’\_\5 A B Es
o) 05, YA (& led Cooglia (MPa) (%) (Swisds S g, j0 23,5
VRN O/ Yo/-Y (%) les iS5

9 1321 o1,k —Y—F

gae 1S 5 5)led sod b Sl polie (Hhb ) i B el 0¥ CBRE (2055005 n b aileS 9.8 (2ib sl 0
wlyslad 2 @Sk ed (L2855 5)Ld (557 595 Glelys JUES! adilg (soleiing 558 )0 (635 o At 35 dline syl
las,z ;o ol hugi o)l aislomen 5 il ol (185 o L ally a8 glasl a5 el b o cal 5 0l engs
G970 Sy S0 Al gae 65518 L aS Wigd (b (IS 4 Sl 03Y GOV (635 10 i Sl 0T (oo D90 (5 L03
Gl oy S G5 Sl )0 el iles gae 6)La8 S8l Sl Sl 95 50 9 (SWgdlad i lal b askad (pl sl
() alul; 505 (g lee gt pln0g; (2l 5l mile s 4 33l (595 (0903 Shgins oMl 5 00l (5l W anglie

P y-ﬁxse—< "4 P cre-brace (ﬂ)

il ol plas melad G 0 e (goV5h s ahais s ©p0 il 5 558 A (0B 63l 955 < Prose ol 50 &S
S s el (] 30 6yl gl (1LeST 4 sy sl ainyloe e Sl (595 ke Perectrace 5 Caglie (1l gyl
@ alllae Cnl ) cayd ol e oS ed anlllas ol fadse o aS il oo alimdle LB Slidss S oKy wieils Cuglie zals
Sldllas o lade cpl ol oad a3 L s e oy28 Sgo 4 00 ply olfilesl Lyl s b canline 415 abidloe & )90
gl [VF] s 5 cdase VY] B lawg Koo Sldllas ,3 5 +/A il giae alaie 2ol b b sl [V 315 5 oS
byl 61y an)lee (ol pie 2L 5l i e g w5 4 Ganist Soabad jolane 4 [VA] IV B 410 s (e o Sen
4 5ead opl oder fley o g adls ‘ﬁm.uji auz dlie cpl o a3 )T Ojge Ol ab 4 ol ool 485 La5 jo 548 (g Lid
)5 Sl ) i g)lade Bt (nl ml b ceslite |) o pd cnl (g oo )5 alidlons 51 90

b lp [YAL AISC341 aabiopsl )0 09290 Lalgd 3l oolinal 5 oY JSo 0 09290 0l (58,5 Jai jo b addllae ol 4o

Vo0 pln iegee VPO Jsb L (CHS 70 XY) (glalg) ahade gl i)l gae Gl b ok jsmeps slaniylee gl

G Fahkes YN0 plp e (nl (655 50 dien gl gl Cuglie alS oo B5 J 0 LaS WS dnubre (SgdslS
ol ol oolawl V Jgaz ;0 04290 Dlastiv g e o OXTY ol b (s0Ys8 5,9 31 jolain (pl 4 a5 00,5 auilrs

50 odd esle lis ai)lge gac obul> ke ‘”C).Ia s s cod =1y il e pbuls Gl el jekaie 4

S yo dewd hagie 1,5 Gl SSTas 285 e o b lg oo a5 00,8 aule (V) alaly 5l e Lo VEIY Tojv S AW
ol o e 5 S 0 b ecnl oo i Loyl (s pte e Yo sh b din Sy o |y plawle ool (V) alaly 0 20 il
Job sSlas (JELLKe YA+ ol s b aten gl dvol o Ken o s hug 485 Ose Slod b OBl 6l
aS Cewl S5 4y oY il oo 43 )S O go Dlawlxe 00iiS Gioual 4S5 0090 T awle wlee Jobo /Yl 705» 3909 (635 yo A
Ol ) cales jolaie 4y a5 il wales iul38l (635 e s Sl L, 118G s Sid sauay ool CanSls £48y Lo
S0 ol B USE jo ad salgs asloy ol 4 delsl jo a5 05,8 sw)p slas x5 1050 4wty (V) abaly B sl p3Y snay

' Design Basis Earthquake (DBE) hazard level

1Fe GAYF amio 1 oo Jlo oF 0 ko A 6598 ol g0 3y (wihign i g 3 — (ol 4 yid \vY |


http://www.SId.ir

G191 0 3w (gwiigo oo Joleolo

Job oaws laste de Lo JISI ) jo el ol ool las solpaing jaud cuiws | glial coln Oldie g diges gl a8 S
S oo oo |y caslae aaS lacl hé D, g 535 o awd g e Lo oljT alold 00isS Lo g ¢35 0 At Caslied 5 5,0

S Cod,b b cenline fpiorad g als jlre Sy o i b cenlisie 5908 ol 5o ool eolatul caclas oanS glacl
ol 0o oolitul e Lo A Jlab b jgile,l ez 5l anlllas cpl (gl aS &5l (>l ol ot le guae

=) dbdo mhaw -0 (yoheo 2 olal) (goleduden 9 Olul g Wl 3o - A

o aislw jaud -0 j9u8 oud aslw Wl -7
Clu B 2 5b i 53l 5908 Lz g olaal: ¥ JSid

Pl bl axdlian 7,0 -0

g chelae (285 slacl o Slos o)z 9 35 plp ;0 CBRE ((050alS palisleS” 5008 )3, (Sl clid jslate 4
oBlialejl o g ab aidlu 5 (b 558 cnl 5l aiges g9 caskd (ploslinul 5 aldsi wwlo ;5 Jge Sl sl )l (o) 2 jokaie 4 (rioren
S i L] 503 ol j3cb anld 5 lin 1y 25,5 5 gl S 9m (sl s o s oSS ek
o 48,5 5 5 S e olyte 4 S 30 s Ll g ged b Ly slal b RL-BRB i oo siybisleS sl
sl 00 035 ol aBlu sladiges golal Sl OV Jsaz 10 .000,5 soliiul caclas oauiS slacl 5l pgd digad ;o ol

P b3l lodiges lakin : ¥ Jgaz

sieiS Lacl lad e ;T alols G35 o A B
ubesl slaaiges pb o les
D, (mm) g (mm) L. (mm) t (mm) b, (mm)
- Y Yoo N Y RL-BRB \
A Y Yoo N Y CBRF Y

\ry 1P GAYYF amio (1F o0 Sl oF 0 ko <A 090 codliv g 0 b (wiigo g 3 — (ols 4 pid


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

S Jgb oy g (615 ,L SS9 V-0

5 loojles Lyl ol o s o bt 055 31 a3y anile iaabs SlSu,20 ply 40 ot e oy, il (lojln (glapiam
J&u ).....u u.ma |) axlad » 0)‘5 LSB)’“" 9 009.9.3 6))4‘ u..\:> u,....u))...m.db )LJ) u,o..a ‘6‘4-’)-” gs"“‘"f)l" 9 uﬁ) L.SLQ)L o Oladad
D US55 oad ool olis & go a4 [YA] ATC24 i fiS solgiiy sl o S0 US55l (il ol o loise g

il oo gl 2 6 A5,k Jlasl slive Ay skl aeled G i )] 45 45 ol o sl

9 @ elastic , 29 (@ plastic

A/Ay
(=}

0 ) 10 15 20 25 30 35 40
Number of cycles

SISHL STy 1 0 S

Gk a5 > oS cauay 1 A0 o280 Sl 5l 65 ol sl Job ol Hlase Bl p3Y (655 5o dun Jobo 050 oligS 4y axgi L
il il BB 5 D50 4 (0) alaly (Seildly sloas 2 (28,5 Sl o b jslaie (pl @y 025 )18 gy 2 9590 (V) alail

3 3 2 2
+ + -+ + +-=1
1 A, 1 24, 1 1 L (\+)
S It 5 %( -)e 1 6&1. ]r 1 E.ﬂl. :Ir
20 texgt 27 e X 2 \Iexg) 2%\ xs

] o5l BB 1) alaly &y (V) alasl,y el hie e 0 el aSul 4y azx s b

e g g g 8, \4
(x (Dl +6x (2 + -+ 2 x(6) +4x (@) 4.y x (L’) <1 QD)
cEF

oty &l llas Slascie Gl 7=+ 10 e cpizmad g o des /YA L plp axkad olos Ko i Jladie 385 Jai o b Jl>
wn Job Jolas jlade L] Lo Oladlas Lawgs odel Cows a5 =+ [FOA ol e eyl jlade 3l solitwl o] 5 ogdle g6} Joaz o
Aol oo j9u8 ol Sl (gl oals ools 13 Lhas b jlade caiiS Gyaual oS Cul ode] Cews 4 s sk YAY ply (g0¥ed

E10 NURCTS SVRS g

SEES g Ve kN g las b Jlesl culiB b b bas Sdg,amn S Joli 5 peme oSy 5 5 aslllas ol o

Ve e kN g,m b s S0l cukls aalesl ol 5o ool 550 ¥ syl ol 00l oolizial 1+ emm Sl o Ve« kN
ol o ooliiul 6 NSl pis j5me 5l gyl S5 5l Calos gl (6FTs 5 i) bt Kl s s 3l 5 008 Ll
2l BASS @ 0,00 9 g dawg o S [0 axhad sloil 5,9 el 00l 00liS pgal A (G0 S pl £ SE 0 4 4sSilen
amio (555 45,5 S5 G (8,50 i aloelz 5 5l ABlie e GBSl i 4 508 S Sl 5 5 00y 5 Jeato
e (59, 2 55,00 g 2l 90 ] 1 ogdle 0 5 solitul (6 I35 )L o ankad (5,990 bl e S ojlul gl ol

! Setup
" loadcell

1P+ GAYF amio 1 Foe Jlo oF 0 ko A 0,90 ol 9 0 )by (witign (g 33 — (o5 43 g
{ )


http://www.SId.ir

Ol 0l Gwiigo (ol jiolealo

B9 Ol alold sl 6l soYsd sla S 5l oo lis |, ut,.glnﬂ 69,50 ;0 CBRF aslad (5.5 )18 0900 £ S 2000 5 ol
g 3l )35 L gy cconl oas ools las & S j0 a5 jshilen .00 5 colaw] cauiS slacl Slail> jglate 4 ( oLl d5aST 4
iloads Jaie olFaSS 4y (s0Y¥g8 sla g ;0 S92 g0

inlojT gus )y 1 8 S
o lojl g ls Judoi Y-8
awslie WA S ol 5 egdle ol oas ools plis o g WY sla s o PRasle;] sladigel ) s Hloges
se s 1 . . & . o . . & . . f L . .
s o i ) alEile)] sladiges (63,51 Sl oges duglio mA S 5 )i | Gojlp sla e

CBRF (o j yowsd 0905 — RL-BRB (s ) yiosmsd 10905 — I
oo ilo3T Sbaigad s lasd Frwly 1 ¥ JSd

o Sdpuno (6551 o Gorio dmlio — ) P 00y (3 2 (U (S dunn Lo —
Pilesl sladiges ol oo (55551 5 3 ot 12 sl imie dmnglin A Y

)
Back bone curves

1P GAYYF amio (1F o0 Sl oF 0 ko <A 090 codliv g 0 b (wiigo g 3 — (ols 4 pid


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

chelae i slacl o Slae b 0,5 el J,uS diges oloxe 4 (RL-BRB) obigS Job il iiles an)le iolej]

g Awgm ) oojled kel diged o) ied loas > gl oo onus WHY Sy aF jshailes Logd ool las LISCT wilgy

Cmd ) (3280 oo aS (glaseS 4y o0 Hlid g miS jo LS Lu).a.) P/PY (5 b s pou S Lo (sl dnlad pl sl 009y LIl

ol g lid axb jo @Y S loged 10 gz se slailais isu wl sl Caws @ VY lade plp mnS o g VIVl jlas o

ot Vg aed o 2leS slade oual Sgze 5 B 6 b Cud b e U3 cnl ailioe aen ST Tud b alS saums

398 o)y e ol pAL kS (655 e atd (gl BME colanul 5l LGU ead slm] Covgaste all oo (5 970 HLid Jlasl
Ao yiolidl Lad 0103 (60,L YU LiileS lade 4 ol 0,lg b (655 e atin B ays 8 el

@Y S asiles 5 Jloged ol .l oo oals ylid G-V IS 0 CBRF caadllan oyl (golpiinn joud (o) it log0d

5908 Ol ) o g0 B el ool caely axkad ol o caslan oiiS slacl jl oolau] il oo Sl 5 atwgn slas > lyls

RL-BRB 4 coes 5,5Vl oS Coaglio ankad ol 1 5 ogdle g 08,5 Slpte (5 i (55,50 5 o0l oo o aiS asl jo

585 S9ls (nl b wboe VIV 2ln 9 RL-BRB alie (g)lode liad )3 solerin 5508 sl PIPY «s )b S poy 1o wiled 4225

ools olaisl o 4y 1) 2010 jlade ol YV a5 > skl ;o CBRF (655 50 dtaad (25,5 bawgio dasy oo s VA 4 jlade ol aeiS
2 o YYFkKN.mm ¢ YYOAKN.mm

J.im gevey) Ll oainS Pl A uu.}l.ﬂ)] O o |) Lg)Li;é dbbﬁ o \5‘“‘5 6Lé$| 6\}9;.:» QJSLQ.: 090 -4 J&..u

IS cpl jo a8 aSilen .l oo ools lis - S 40 5 Galey] 5l e (solgidin joud 59005 BME ¢ (635 o i il
Al oo S slaas sl 5l LU roge o yiileS gl i ol oo ala>De

‘5)&3: ‘S)LL\f)l{o.f?)é slowo fM v 6“&‘&@—&-&”

G35 30 At JSo pandi —
I P RUARVATPEL I ()

" Bearing degradation

1Fe GAYF amio 1 oo Jlo oF 0 ko A 6598 ol g0 3y (wihign i g 3 — (ol 4 yid \Yy7 .


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

Sloe slaas > 0 (6L cud b -V-Y-0

-\ ‘gji..u [VY] w‘ K97 (.55}"" )J‘)J )\) w5La.a G‘f )5..5 @U}' 0D QL....Q 6”5...@ L_SLRJ:\D)D )b :UL]:ﬁ LS).I)Li u.d).lo
g oo abaxMe 4 5Sles a2 co LS Iime & jg0 4 1) ()05 )L Jlsie sloas > jo Gali&..luﬂ Srdiges 5,0,b pou Sl
)LMJ )o 6)5).A A L.S‘)m .))S.Lo.c OJ.L.IS OJM c\S w‘ 005_} ‘1,5 )L......u )L.....B le.ﬁbd?)? ).) GD&MHLA)T 4.;5.9..) 50 df)l.a ;.9){..9‘
15 M (al Sl B 00 iy 5 iber (B b (slod 2 4 359 b S (sloas 2 5o Ggad 5 al Sl ST a3l oo
Sl oo golgiing j9u8 )0 caclas LinS slacl solawl 51 o5U GBS 1l o, o FokN sga> a5 095 lade o i
Y ciaglie pelass (gl el b ~Y-Y-0)

sebiie 4 Cwglie oulas slo el 5l slas > b cod piS g jLad o p AL aileS slaan,lee Dglite [lS) 4y axgi b
sz 5 lawg Bowes b el )l (ol 09 oo oolatwl Glakad () poy Sl Caglin polde cped jo b Slislxe g3le cole
oolatwl jelaie 4y 3us iogh (! 50 0,8 oo )8 o5l b Lasl jo g Al Loyl SCASGLL s, sy s okl cpl gady
ol 00 Al 00y inlej] sladiges slp B g @ Jolis Canglie obas gl ol )l lakad oyl

(Thar) o555 $95 oS Lo S 3l ashad  Sabcew (13,5 ol 0aisS ly @ 2iS Cawglin 0uisS ooy ol )l
it hawgie (1,5 A Cad 0 Sglaie polie lee adal) Ve S 00 oo duwle (P)) axhad LiiS ol gl (g9,
ASb e VALl LJJ,;u CBRF (sly yol)ly cpl oo iSle Jlade s oo lis |y 6 )l08 )L alizes gloas 1>, (635 1o

W ((HleS Zenglile oS pudisd ol sl &S5 slras 12 5o diges (655l pes 35l — I

Bxw «oglio 0uisS pudiss Syl )b-o B 5 Lid Canglio 0uiS udasd yol )b -
ou s lojT GLaaigas (6l Cuoglile ouids waliis' b yiolyly (Soxio 9 623k oy STlot Ve S

'® Strength adjustment factors

1P GAYYF amio (1F o0 Sl oF 0 ko <A 090 codliv g 0 b (wiigo g 3 — (ols 4 pid


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

SES 59 oS le 4 (Crar) (559700 (65188 (S9525 o35 Lo o Comad 00l Gl f ¢(5)Lid Sglio 0uiS oilais al)y
Sras 2 10 (655 o dlwd hagie ()5 4 Cod fgliie polie lee abaif, 7oV JSS abl e b 8,5 ma SO 4y bgiye
b €ca os35 o At Lasgio 45,5 iul3él e RL-BRB (gl jtelly ol olpweis HUAnl ek amo o olis |, cilizes (5,15l
ﬂ).uol)la Clo u.o...u ] OMT Cawd A ‘b‘ \id =L‘>).'> 6'.@‘*.»‘ ) \A ).>|).' U] )‘JM p.o..);l.o as 6‘44; L Sl 0393 949, Cdo u.o...u
oS el I 5 ol bl VL LS glaos &) 0 0y ped LES 40 (635 e atd gl Linliél 5l 56 RL-BRB (s,
U”‘ Ga...a u.....u | 009 949, (dwd Ja...uj...a w; w‘JS‘ u,o..o u.u.u u.....u‘)ﬂ‘ la Bl W u......: la L.\.u‘ ) CBRF Ls‘)"ﬂ)""")l"
el cielias _2iS slacl g 635 e i ool o,Slas ably o cielis LS slacl o Slas 5 3525 3l o6 CBRF gl jii
Sk o385l U CBRF (gl code o sl 0als (655 50 aind (Sl 0 )Sas 4y S (225750 5508 0l (65 oo 2138
Aol oo pYL LiileS sloas 4y ol o)ls es JLid 5 (655 1o diis
4 polae lee adayly 0ed oo dslone @y B lo il il polie o yalols O e 4 P (wglio coS oy IS call
)|..\.5.c Ll 00l oa)ﬂ o=V JSKG yo ou u..;La)T Srdiges 6‘ﬁ G5 yo L id,S u@bﬁ‘ oo )...a\)l.: u.:‘ 6‘)‘3 ol Cewd
el 0] Cwsd 4 V/YY ).3‘).3 d‘é'.e».«.:.: )5.»_‘3 ‘_;‘).’ )M‘)L’ u.)‘ WN)SL"

S5 Az -F

S8 ojle calie slaiond ;o o] gl £58 4 Ay A Aliad hns odigd (5l Dlakad codigdlad olie b a8

Alae ol )0 0als &)1 CBRF 2 59.0lS 5B iilaS 5908 098 aods Loyl o Loy 105 )L w51 o506 ojle sbo ol b 5.5
oo 5l 43S pledl a5 askad cpl wdlios jomeps Salee pas 0 ple b pelite 4 oud 2Lk i e S
o Oslia Coble 5 18, b RL-BRBS s Job nili oS slasiylon 4y JalS5 coigS a5t Jobo b cailyise piliiile

15 3 s b3S Jobo b ALS (sloat o sl 555 0 4t iy Jsb b sl 50l Loy, asllan () 5 @
Lol 0als &1l glas > o6 A8 )L jo Azl Siis jee Job iren g akb e Sluls slacosgase (23,5

Gl ) b Cad b (il el wlyslel il S o (soleting joud (gl ead B S i o chelae 1S (slacl e
aig)lge slacl 2iS 6 0)b slacosgiome g cud b als (golpiing jad 0 Cod b I8l )il onye S S
Wlei o Gy 1y oty lge gac ;o RL-BRB aiils  Jgors slojgu8 5l oolaiul e

Al )0 )y 0903 40,5 JFodnlS Cge A end Ll Cud b o138l L ogdle caclas anS glacl leolaiul e
ol 00l j9u8 pl lawgs oals 418 5 O a0 (655 Spswl (iali8l el pans

Sl 5 oS Cad b 0 oglhe g 5) CBRF aS ols olis (solpidon joud ankd g9, p 48,5 & g0 sliole;l @
)‘ wa OO .\.»...Jl.tu_a \7A 9 \VIY ).3‘)4‘ RL-BRB (5‘)‘ ).:oLc.o U”‘ o 009 ‘_gé'.e‘.».w.».: )9_\_‘3 ‘_g‘); )L.MS 9 WS )
2wl CBRF o Gaclas oiiS slacl 6,5 ,15

Aol e Cude Ol sy ol GLUIs RL-BRB (gl y s bawgio (23,5 (ioli8l red off (g ,Lid Cooglio 0aisS oo il @
CBRF (5ly s ol Olyts a5 ol Il 50 cpl el odwl Cews a0 VY 5l RL-BRB (sl el )b ol jlade ey S
Slaal 5l S olgie a4 aelas panS glacl jl oolatnl yos o2lS (5 b cud b o8l 5l A6 ae IS ool glle

1Fe GAYF amio 1 oo Jlo oF 0 ko A 6598 ol g0 3y (wihign i g 3 — (ol 4 yid \YA


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

Gl @ ¢ Canglie 0058 Wi IS all mersSle ke rizad 5 e ¢ oS Caoglin 00iiS welais el poyiSle ke @
0 Al VIVY 9 VA plpy o 5 4 ol 558

&y

[1] Craighead, G. (2009). Chapter 1 - High-Rise Building Definition, Development, and Use. in High-Rise Security and Fire
Life Safety (Third Edition)Boston: Butterworth-Heinemann, pp. 1-26.

[2] EERI. (1995). Northridge Earthquake Reconnaissance Report. Vol. 1. Earthquake Spectra, vol. supplement C to vol. 11.

[3] Pall, A. S. and Marsh, C. (1982). Response Of Friction Damped Braced Frames. ASCE J Struct Div, Article vol. 108,
no. ST6, pp. 1313-1323.

[4] Grigorian, C. E., Yang, T. S., and Popov, E. P. (1993). Slotted Bolted Connection Energy Dissipators. Earthquake
Spectra, vol. 9, no. 3, pp. 491-504.

[5] Mualla, I. H. and Belev, B. (2002). Performance of steel frames with a new friction damper device under earthquake
excitation. Engineering Structures, vol. 24, no. 3, pp. 365-371.

[6] Skinner, R. I, Kelly, J. M., and Heine, A. J. (1974). Hysteretic dampers for earthquake-resistant structures. Earthquake
Engineering & Structural Dynamics, vol. 3, no. 3, pp. 287-296.

[7] Skinner, R. L., Tyler, R. G., Heine, A. J., and Robinson, W. H. (1980). Hysteretic dampers for the protection of structures
from earthquakes. Bulletin of the New Zealand national society for earthquake engineering, vol. 13, no. 1, pp. 22-36.

[8] TahamouliRoudsari, M., Eslamimanesh, M. B., Entezari, A. R., Noori, O., and Torkaman, M. (2018). Experimental
Assessment of Retrofitting RC Moment Resisting Frames with ADAS and TADAS Yielding Dampers. Structures, vol. 14,
pp. 75-87.

[9] Mahmoudi Sahebi, M. and Khanjani, F. (2017). Evaluation of seismic performance of X bracing systems equipped with
flexural yielding dampers. Structural and construction engineering, vol. 4, no. 2, pp. 123-138.

[10] Bouwkamp, J., Vetr, M. G., and Ghamari, A. (2016). An analytical model for inelastic cyclic response of eccentrically
braced frame with vertical shear link (V-EBF). Case Studies in Structural Engineering, vol. 6, pp. 31-44.

[11] Zahrai, S. M. and Arman Nikoo, S. (2015). Comparing Seismic Performance of Yielding Damped Braced Frames with
Mild and Low-Yield Steel in Typical Steel Buildings. (in eng). Modares Civil Engineering journal, vol. 14, no. 4, pp. 39-52.

[12] Andalib, Z., Kafi, M. A., Kheyroddin, A., and Bazzaz, M. (2014). Experimental investigation of the ductility and
performance of steel rings constructed from plates. Journal of Constructional Steel Research, vol. 103, pp. 77-88.

[13] Kafi, M. A. (2008). Laboratory examination and analysis of the impact of steel ring in concentric braces. Ph. D., Civil
engineering, IRAN Univesity of science and technology, Tehran.

[14] Andalib, Z., Kafi, M. A., Kheyroddin, A., Bazzaz, M., and Momenzadeh, S. (2018). Numerical evaluation of ductility
and energy absorption of steel rings constructed from plates. Engineering Structures, vol. 169, pp. 94-106.

[15] Bazzaz, M., Andalib, Z., Kafi, M. A., and Kheyroddin, A. (2015). Numerical Comparison of the Seismic Performance
of Steel Rings in Off-centre Bracing System and Diagonal Bracing System. Steel and Composite Structures, vol. 19, pp.
917-937.

[16] Bazzaz, M., Andalib, Z., Kafi, M. A., and Kheyroddin, A. (2015). Evaluating the Performance of OBS-C-O in Steel
Frames under Monotonic Load. Earthquakes and Structures, vol. 8, pp. 697-710.

[17] Bazzaz, M., Kheyroddin, A., Kafi, M. A., and Andalib, Z. (2012). Evaluation of the Seismic Performance of Off-
Centre Bracing System with Ductile Element in Steel Frames. Steel and Composite Structures, vol. 12, pp. 445-464.

[18] Yoshino, T. and Karino, Y. (1971). Experimental study on shear wall with braces: Part 2. Summaries of technical
papers of annual meeting. (in Japanese). Architectural Institute of Japan, Structural Engineering Section, vol. 11, pp. 403-
404.

[19] Xie, Q. (2005). State of the art of buckling-restrained braces in Asia. Journal of Constructional Steel Research, vol. 61,
no. 6, pp. 727-748.

1r] 1P GAYYF amio (1F o0 Sl oF 0 ko <A 090 codliv g 0 b (wiigo g 3 — (ols 4 pid


http://www.SId.ir

G191 0 3w (gwiigo oo sioleolo

[20] Sabelli, R. (2001). Research on improving the design and analysis of earthquake-resistant steel braced frames. NEHRP,
California.

[21] Lopez, W. A. and Sabelli, R. (2004). Seismic Design of Buckling-Restrained Braced Frames, Steel Tips. California.

[22] Tremblay, R., Bolduc, P., Neville, R., and DeVall, R. (2006). Seismic testing and performance of buckling restrained
bracing systems. Canadian Journal of Civil Engineering, vol. 33, pp. 183-198.

[23] Mazzolani, F. M. (2008). Innovative metal systems for seismic upgrading of RC structures. (in English). Journal of
Constructional Steel Research, Article vol. 64, no. 7-8, pp. 882-895.

[24] Mirtaheri, M., Gheidi, A., Zandi, A. P., Alanjari, P., and Samani, H. R. (2011). Experimental optimization studies on
steel core lengths in buckling restrained braces. Journal of Constructional Steel Research, vol. 67, no. 8, pp. 1244-1253.

[25] Hoveidae, N., Tremblay, R., Rafezy, B., and Davaran, A. (2015). Numerical investigation of seismic behavior of short-
core all-steel buckling restrained braces. Journal of Constructional Steel Research, vol. 114, pp. 89-99.

[26] Kachooee, A. and Kafi, M. A. (2018). A Suggested Method for Improving Post Buckling Behavior of Concentric
Braces Based on Experimental and Numerical Studies. Structures, vol. 14, pp. 333-347.

[27] Fanaie, N. and Dizaj, E. (2014). Response modification factor of the frames braced with reduced yielding segment
BRB. Structural Engineering and Mechanics, vol. 50, no. 1.

[28] Dizaj, E., Fanaie, N., and Zarifpour, A. (2017). Probabilistic seismic demand assessment of steel frames braced with
reduced yielding segment buckling restrained braces. Advances in Structural Engineering, vol. 21, no. 7, pp. 1002-1020.

[29] Mohammadi, M., Kafi, M. A., Kheyroddin, A., and Ronagh, H. R. (2018). Experimental Study Of Innovative
Composite Buckling-Restrained Fuse For Concentrically Braced Frames Under Cyclic Load, presented at the ASEA SEC
04, Brisbane, Australia.

[30] Mohammadi, M., Kafi, M. A., Kheyroddin, A., and Ronagh, H. R. (2018). Experimental And Numerical Investigation
Of Innovative Composite Buckling-Restrained Fuse, presented at the ACMSM?25, Brisbane, Australia.

[31] Pandikkadavath, M. S. and Sahoo, D. R. (2016). Cyclic testing of short-length buckling-restrained braces with
detachable casings. Earthquakes and Structures. vol. 10, pp. 699-716.

[32] Sahoo, D. R. and Pandikkadavath, M. S. (2014). Experimental Study on Reduced-length Buckling-restrained Braces
under Slow-cyclic Loading, presented at the Tenth U.S. National Conference on Earthquake Engineering, Anchorage,
Alaska.

[33] Bruneau, M., Uang, C. M., and Sabelli, R. (2011). Ductile Design of Steel Structures, 2nd Edition. McGraw-Hill
Education.

[34] Budynas, R. G., Nisbett, J. K., and Shigley, J. E. (2011). Shigley's mechanical engineering design. 9th Ed. New York:
McGraw-Hill.

[35] Usami, T., Wang, C., and Funayama, J. (2011). Low-Cycle Fatigue Tests of a Type of Buckling Restrained Braces.
Procedia Engineering, vol. 14, pp. 956-964.

[36] DIN 17100, Steels for general structural purposes-Quality Standard. (1980).
[37] ASTM E8/E8M-16a, Standard Test Methods for Tension Testing of Metallic Materials. (2016).

[38] AISC341. (2016). ANSI/AISC 341-16, Seismic Provisions for Structural Steel Buildings. United States of America,
Chicago: American Institute of Steel Construction.

[39] ATC24. (1992). Guidelines for cyclic seismic testing of components of steel structures. Redwood City, Calif.: Applied
Technology Council.

[40] Uriz, P. (2008). Toward earthquake-resistant design of concentrically braced steel-frame structures. Berkeley, Calif.:
Pacific Earthquake Engineering Research Center.

1P GAYF amiio (AFee Jlu (F o loi A 0598 cdlu g 0 3w (wikigo i g 3 — (ol 49 gt \f.


http://www.SId.ir

