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The Application of Buckling Reinforced Bracing and Shear Wall in Retrofitting of
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Abstract

Vulnerable buildings and their rehabilitation are important problems for earthquake regions. In recent decades
the goal of building rehabilitation and strengthening has gained different rehabilitation systems. However, most

*

mahdi_civil62@yahoo.com «ss ;| (sige 1 stems i 50
QEN/YY calie 5y gyl = AYNY/Y e il 5o

\Y’ﬁi )Lﬁ‘\o‘)m&(ijLA




alpleile wdige cpesul Sl g ol pwdige agh — e w s

of these strengthening techniques disturb the occupants, who must vacate the building during renovation.
Several retrofitting techniques such as addition masonry infill wall, application of buckling restrained braces
and local modification of components has been studied in order to improve the overall seismic performance of
such buildings. In response to many of the practical issues and economic considerations, engineers use often
convergent unbuckling steel bracing frames as the lateral load resisting system during an earthquake. This kind
of bracings increases the hardness and strength of concrete structures. The aim of the present study is the
evaluation and comparison of seismic performance and retrofitting of an existing 7-storeys concrete structure
with buckling restrained bracings and shear walls by nonlinear static procedure (NSP) and accordance with
cod-361. The results show that the buckling restrained bracing, decreased drift to acceptable levels and
Structure behaves on the life safety of performance level.

Keywords: Buckling restrained bracing (BRB), Shear walls, Seismic performance, Performance based design,
Nonlinear static procedure.

ol —)

@ Ol gl 5 S ol adliS b w1y ol Jb s Sl Shles ot 08 e b s oS Conl b O s lreli iy 1 SG A
Lo gladyls &2 Ol el 0sn S olby ol 5 50 Cale 5 Sllast s 055 opl b Ol 3ot 35 slaysiS 5 S Ol

o ules et 5o 6l o3 ) ELL daul s 4 (63l o slaoletle cotla 5 b Ol pl okt (s b Jaul 3 s &

(b s e s elal dadlastle (508 55 kS 5 s ek sysl s ol S T sl ) slasl calss opl s s 4 b
Uil e 5 and VLI (58 15 s O g (kS oS ol e Usb 3 b sl (535wl pul 4 s e
DT 33l G54 L W1 Gilgr 55 5 357 50 DL (slo3 )

st ol SIS el 5 o3V sladusl (o 5 63V o5 o) lele sl 055 L5l 0 man 3L sla B
[¥o7] 55 66 Ol om sl slos ) s Shas 550 10 o5l 608 ok 5 s lojlo slizs!

5 eslanal ool e ol b S 513 Ol b am g5 3558 a5 (6550 Y sk w o3l s (6551 (sleediS e 31 esliad o) s al
T PR LT o I PN TN P R B PE SR B I I T PRSP FES IS SIS J U B P )00
0T s SOl (lir) 0 5 VL Oladsl Sl (oS ausa 13 4 s ieen (5o ST e ila S1 e il pl431 Ole 53 1335 o
o)l ool Caslie 5 e (Al sy o 5 galaBl 5 p 5 S oS Sl enls OLi Slllas LBl e Slay g gl ehs J L
L8] Al o 25250 5l 0 dr pude 035530 55 5

Llas 313 a5 sh5e slod) 3 Shes sy ke 4 L Gleds, Olpe 4 3V o kd lakisl 5 S Sl Sl eslinad
RS 4 s e 18 ol lei 0 o & mbge pawse 5 Jseme bkl 5 550 x5 il a5l Jl
[o] L5 5 o slaz o slasl 55 DILLL Sl 4 e oS 551

2GSt U s ol oS s e OLES AL LS sl Sl eslinal b o3le glo3 ) (5lw pslae (555 48 S plonil lallas
[VI Gl lel L3 adlss oo Lasisly cpl V] i o 35 1 o3be slo3 ) 5 Sdae 5 30l i o5l iew 5 Caaglin 201531
A3 8 s o3l [A] Sl sleB e

Slausl 5l i LT 1Ll das o (2l 5l s Salds e 53 | sl Caslie 5 e o5l pslie 35l5e ol aes a5
g o Eols 5 L3 S e Olezstlos 5 65l5 5 0 Sl Cnmlie swl & e a5 o33 o3lee J5ls 5o ol o) Slles w3l Jgel o
L8] s 8 55 e S G by 1y [Sie opl oS s, 3l eslinud G 4 Sl a2 55 3L eslinud LB Sue 5l o3le oS

1. Buckling Restrained Bracings(BRBs)

\Y’ﬁi )L@‘\DJLA.\'L‘(}DJLA




alpleile wdige cpesul Sl g ol pwdige agh — e w s

ool Caeslie 5 sy s bl les cpl iS5 (solid S b OOl am O jlae ol S sladslee (5585 sl 51 (5 ks
S, S Oden)y g bl ol ol O ols Sladw 5y ol 1Sl e lat i 610850 Cos el
Loslgr olid LS 1 lie 3l Sl eslinal LB ss p3Y G fpl a4 Oy Sl Sl 03 S JTed) Sxudly gzl
S Gl s S gl Sl ap Sole B S IS B &S s a5l el B Y (g5l e OG5 5 5d (oS Sl
elis Do Lol gl (B () JSE ol ol 4 S o (5b sl S ka0 &S o Sl e Ole 2 2

V] &S Jasss 1y (osmms Sy #550mn Ll 3V 8 O (s sl 5 o~ b

Core
20U SELS Kl (1) S

g 3 5 01 53 ol b odiily £ 535 Ol slane 4y (6Y 55 s (LS ¢ 35 Sl S sl STl 5 Shes ol il
b o Lokt 63V g 53 @3V ates Jsb sl 00l g U sl ol A3l e o3l 3l s ol s (85,00 ol OISl
S B LS 5 (RIS s dsles (ELS 51,8 sk s 4 (BRB) (kS 2l s pslis sladolge 03 [N] 355 o s
DIY] s o 0L 555 511 (5oL Sl S5 3l 5 4, Vb s 5 2y K3 5 (555

53 3l e o Jole hsler Ll Lol Dol (s alb Cplin o) a4 Al JELS gladolee gl sl LS,
Ceaglie 53 Sl odaze (51 0b 5 IELL slaar o (b s ess L g8 Sl e s slaadl A0 ALS s lge ot
53 bislee opl hame op Sl a3 45 s e DL Sl ans 5o Sl a3 35 ped edalie (s e
o Sl ol W8l s 5 ssd e e s Caaslie 53 I ol e 50 5 Lpd e IS LS Sl (goLES 5
Buckling Restraint Brace  gladust e adinly ka8 5 llasl 15 ol ) S s Sl 358 0 Comga 1y 3 s
S s pame 5 S5 ad o (Kol AV L 55 mlae G 03,3l 215 4 SL e cnl U3 [VY] el 5525 4 (BRB)
i WS e g Olaabl sl AL e 3V SN Sl 2l a5 sl LBl 00 (oY s phals rhan o)l s
Jre] wst e

bz A3l o ge o3l LU, » sl g5 cnl 3G S AT o e oslizal b GBS dusl 5168 glagioen > b s
IS o 30 a3l S b ey p93 5 Jsl e o (835 i 6 T o3l Caslis L0 Y 63l s a0 )
S5l s L s 5 PERFORM- 3D 5, ETABS Nonlinear V.9.7.1 sla 3l p 3 51 ssbisal b it o5l aallle ol 3
DR o p 3osm VAN sl ol sl el 5 (M1 ,80) 3 s lgilens b (S3logs 05 b Gallas 551 (B (o 8
Bl e 5l sl L s edd ) 5nel PERFORM-3D 33 o5 5l os¥ slaasls Uaslssal s sliin a opimes 5 238
23 5 g3 La s o ol EXCEL ; MATLABT.6.0(R2800a)

\Y’ﬁi )L@‘\DJM‘(‘)DJLA




alpleile wdige cpesul Sl g ol pwdige agh — e w s

39> g0 oj‘.w"'

bfycl...a&}'.}e}\m “;sj.su \-Y

L;LQ)L:M Jdb‘fﬁ“bkf A.L.bv L;\)b)°:f J’?A)cﬁw)‘JMYY/Q' CL&JJ‘L}L;J;J}L.A QWLN&J”DJ\A;' ul?d_v‘ a)l.w
6J,a)lSJuY'/V~ CMJ\LM@W‘ a%); Glus| d‘]@]@""))} \YVe JL.«: BE d‘f.’.‘ ‘;L.AYA" .’)‘JJL.;.AJ\ d}‘ w‘ﬁ}

(657 IS8 ttes 3 5Se e VT gLl b Slid e s 3l s

@ ® &

®
m
(]
fual
]

®
m
(]
[l
]
sl
)

®
m
(]
m
i
M
T

0
)
I
Ik,

Olesslu gy 4w slad () JS.J-

adlas 540 o5l HL8, cw,p Y-V
Ikl g il s el 5 ETABS 15l e 5 55 o (oS153Ls L i ¥ (g5ludte 5l eslinad b 55 5o o5le 5 Shas
2Bl oy el bl sl ) slasl il e 238 1S b s o s se (LDOLA) o aal ol 5 Ol e YA
A ol JS b 2 [10] o S Jlesl s g s 0dd 2 b s (2 03l it sl o5 ) LAl ST ok sl YA
5 Sl 4,8 olonil (sla Julont bl o 5310/ Y0 Wt 00 e YA+ 3,00kl g 2l oy o 3L 2/ OA W L

v‘ \Y’ﬂi )Le-j‘\o‘)l.mit‘(‘jbgjl.w



alpleile wdige cpesul Sl g ol pwdige agh — e w s

LS o 5ol Sl T S Gl s i Ced s diled slo3 ) bl (65 el Ll Cands 53 Wl oS Sl O

345 90 a}L«v BL d‘:.b' C,.«.‘J (i)JS."é

)t b Sl Lo gy L i PERFORM-3D 158 i 5l aslind b 35 5 3 3n o3l b b iomin 5 5 Kb o
Slr Gl Glabae 5 sl dde Gla eyl olad 2 O 5 5 iy 5 3ledde laslme (38 15 s 350 (ol
AL el s OIS 4 00 5 o e gaOleitlo gloj ) (S5l Joddl)gins b (1 a0 s 5 Wy o o Gla )
s ol L £Y0 2S5 5 0553 Jslas 48 Ul 00 3 slsy lazml e ol et mh ) b A5 co
S o s ey (31 =COCTC2C3SAT58) i Bl i ke s 1/ & (LS) e i) 5 Sha o s (55
Jrade W st 53 5 dey o Ba O okl 0 Jhep0% il 5 Shas o 53 5 42308 Sl aal 5 Shas o 51 o3l das o
aib slg e Vb Cand 55 e 5 polgr aib Slgste Gul Cand o ) oS (5 e (0) IS0 00 K LS5 St
o3l 92,08 Cd o b e 5 A3 5 ST Sadly faie B OB s g b lgi e b S 55 Ll s 5 ey
S S atie il e p Sl e (VD) S aEL e i SO SHLS) Gl el s Shes e 53 s pl S S asiie
(Sl 53 2003 Sl 4 3L s Sole w5 Sl pdy ol Sl L e s cpl by Sl sl 5L L OT b b
SE LG s e Gl 3 o5l b b s lse 2 53t le s Ghles 3L L osle b b b 4 Ol o el OF Gt

D 8 e b pslie o3l b b 153l 58 2l OF (sle

vr \Y’ﬂi )Le-j‘\o‘)l.mit‘(‘jbgjl.w



alpleile wdige pesul Sl g ol pwdige agh — oo w s

@
- ®
¢ L
- — v
L 4
s % ’ T
z L ]
s -‘3’ $
& ]
P f »
& F] 4 -
® . |
8 g ]
e . f
8 ? $ 5
e ® s 4
* s | d
e 2 J -
e @&
3 = 1 ]
= 8
..‘ . L3
s 27 s ¥
.0 i |
* & ’ )
| s
® F
.&
-
L ]

DEFLECTED SHAFPE SHOWING COMPONENT USAGE RATIOS
Structure = sonrabi en (3story)
Analysis Series = A1 (S1)
Load Case = [2] = [0] + LP1H1
Reference Drift = 02485
Limit state group = LS

Minimum usage ratio for each color: 0.0 0.9 A

392 90 0jlw 3 \S-m«')b J-.AM ‘.S...a“" (O)JS..«

¥
VA
v.1
V.4 EL 4

C‘-.l.nd
-
-

s

2%

b |

Y
« A
« 1
.t
« X

ENVELUPE 1 2 3 4

355 0 05k (63 5,8 Cud 1 (V) S

vv \Y’ﬂi )Lq-_'¢\o)L~i:¢(.j;JL~



alpleile wdige cpesul Sl g ol pwdige agh — e w s

‘5J'L»€JL§A—\"
238 S Cady el s el 0L (V) JSE 3 5 el Cambse 5 Wl phae o 5 nAL (LS sladusl Cond e
VIKe 4 1K sl ¥ 5 Y layme oo C 5 A S lassme 53 5 605 Sopan b5 ) Glas e Soel i sleB
ol o3l VY o as 3 s b ,e 5 Job 4t 55 5l 0l o3 s eng e mle Yo Culbis 4 o les s S eslinad (Se )
I bl 2 Ll s sl et a5 Cambge e o 4B S M5 s e e 0 las S o i 5 Sl
okl QLSS (slacusd go 55 OGN o sl ol e 5 Llodss S Ol Sl e :ﬁwc]a.dwl;jajb Slos ) b b

.Ju'njf
ORENO © & ® ©)
4 6 4 ¢
@ i i | @ it e
~ /l/ - < /l/ ~
: i : 3 i 2
- — 3 |
N /l/ ~ /l/ S
@ M } } } o
/ ! = T - 0

—~—200mm —=

= 150mm =

12mm

sl 5 (2 e bl O (V) IS

w‘w«slﬁmm ol 0l 0y OLES L;Zﬁ)‘ﬁh).&{b\{\{ag\.i LS)L"‘ rjuﬂjhﬁ)ﬂ a)'Lw Q,.L”)J (/\)JQLSLA)\J)A.;)J

Slee A= 54 5l pslie Bl e S eag 2l (4/000) s ol s YARY il ol Sl Sl 51 adsl ol Slid s ci s

J&.w)\asﬂbw el ol enls OLES Lg)upl}.a )‘J&)Jj o)LM: (C,.éju.c) g.,.:ﬁjla W(Q)g}g.«:)b}w B G ol

\Y’ﬁi )L@‘\DJLA.\'L‘(}DJLA




ol eile (wdigs (pazel

Sl g ol pwdige agh — e w s

(\')él.@-k.{..:/ )Jﬁb‘)Lw JL’. J”‘”.-‘ QWCEMK;M\ 4.:...::‘3 J,.:‘J_‘)‘ J”‘J”o |b}u‘\> d)Lw &;v:ﬁjb LSJL”’C}G" )‘J&@‘W
Al e e cols) Sl sl JJQA;CE.N‘LAUL.« Sl pslis oas 93 58 55l ol esls OLES

oleb

7.0 Z

>0 \

5.0 \

4.0 == eXisting

/ building

3.0

2.0 / == retrofitt
( ing with

1.0 - . BRB

O-O T T T T 1

0.0000 0.0100 0.0200 0.0300 0.0400 0.0500
vIgH

X ‘sl;ulj BL) C,.éi)} (J.\l

7.0 Z
6.0
== eXisting

5.0 \\
4.0
/ building
3.0
2.0 } / === retrofitt

ing with
1.0 - BRB

L

0-0 T T T T 1
0.0000 0.0100 0.0200 0.0300 0.0400 0.0500

Caé-j.).i
ydbb)é s:,.:l._t)} (g.d

oladb s oy (W) K3

\Y’ﬂi )an_c\e)wcp;db



alpleile wdige pesul Sl g ol pwdige agh — oo w s

x10
3 T
SWs
251 B
BRBs
2 - -
5
o 15
J‘
Gy s
an
A
1
05} Existence bulding
/ x10°
D I L L 1 |
1] 20 40 60 80 100 120

pop S

3l pole 51 dny 5 Jod ojl b B gomie 1(3) S5

S Sl pasie mld pledalie bcial sl esls OLS o3l (g3le pslie 51 da L st (63,8 i (VY W) s s
b anslie gl WSS (nl 03) 3l e Jsd JB al &S Aabie ) 5 Gl el 3 Ses mlan s o5l slael (638 s
5 o5l e ol b B (6 0 tal 53l sl sl enliil b l3 4Kl 35 L (il o a3l3 OLES L (83,008 Carn
3l meS Lael (65,558 Cand 55 pl o 5 35,8 o L2503l 3 (Sl feads 5 LS o 5l Sl inl,«;cb.‘y
ly cml oo 1 (i s slade pdavs Ll pl ol (Al o 5lams d Sl 2l (08 e Y slily s Dlib iy s Ll dil e S

s Rl Sl b b s S

v; \Y’ﬁi ‘)Le‘\OJLA-\i“(}DJLA



alpleile wdige pesul Sl g ol pwdige agh — oo w s

a T ° v .
L 4 T . v . P
" 4 a
o
¥ 8 2 - ] '. ] ®
L v ¢ ’ t 3 v Fl
' B .
* o y—4¢ $ » ¢ ¢ 0
$ ] ] ¢ s
& ] 2 2 P F
g e 'y a s $
¢ @& ¢ s 4
$ s g | L
' 8 e e 8
s S ( | | & s
s ¢ s ]
® 9 g g ] g
8 . s g s
o - ¢ 8 o 5
z ] s Se F
2 3 '. F ] .' ] ] '
) sl H s ¢ e
g % L [ = . e
2 1 ] ’ * e
8 : @ ® g
® b ‘0 - . s & ]
L]
e Lg * 4 | 4 .
[ . » - ®
® L 4 e
= * ¢
| ® .
. .
L]
.
®
DEFLECTED SHAPE SHOWING COMPONENT USAGE RATIOS
DEFLECTED SHAPE SHOWING COMPONENT USAGE RATIOS Structure = 7st with orb (7story with brb)
Structure = sws (7story sws) Analysis Series = A1 (51)
Analysis Series = A1 {S1) Load Case = [2] = [0] + LP1H1
Load Case = [1] = [0] + LP1H1 Qefgrg"ce Drift = .004307
Reference Drift = 002111 Limit state group = LS
Limit state group = LS Minimum usage ratic for each coler: (0.0 08 09 1
Mimimum usage ratio for each color: (0.0 0.8 0.9 1
(33b b oo 5 Sl b ol o) SKeiidly e K25 11 ) JSC
)
. AVO
+ . _Vo .
B
T e
!?‘ . 1Yo
2
%
. _O e '
. T’VO
. T O
< Yo

OPE 1 2 3

fﬁjﬁb\fa& ol (a‘gu.a ojlw 4o 6:,3)5&.,42(\\)#

VV 1Y4¢ )L@fc\e)w‘(jédl.u



Al esle puwdige ezl Clu g ol pwdige Aagh — elewds

J74B1

Ls}j)tsc—:-—!'

« ¥¥e

IPE 1 2 3 4 5

Lol Lol g5l r;u.a ojlw 4o 6;».[,‘5 S :(\*)JS.:-

u.:‘ odaline l.‘ el 0 enls QLIS (V8 9 \Y) LSLG'K‘: BE R LS)L'"’ (}Ls.a 6&0‘)[”: BL L@.:G .la.,.u): Lf"l} 6_9}9 e )‘.LE.A
dosl baw s sl g 5l 2L e VA bl o3 S sl polds Lol b a5 slosla 5o oS ol ol SalS Layls gai
)MW&-&@@)J ;5‘:"]" )‘ﬁ)L{aM LS)L““' c)uﬁ a)'LA)J Lol el anils ﬁgww“v@).\j&:&d‘ ol e

Al A e Slab slaas 2130 5 353 0 e 5 Sl baw s (63L5

219500
191100
200000 182500
151200
150000
126700
Y
.i 100000 28140
B
£E
(@]
X
50000 37830
23420
15670
6427 11170 7662 7229 7890
0

Ground Storey 1 Storey2 Storey3 Storey4 Storey5 roof

H Columns = BRBs

g g ksl Jaw g (il g8 2l (1) JS3

1Y4¢ )%{‘\B)u‘r‘}édl‘d




ol eile (wdigs (pazel

Clu g ol pwdige gl — elewds

kg/m 45 ode

250000

200000

150000

100000

50000

265700

237100
218300
198200

160100

Storey2 Storey3 Storey4

m Columns ™= SWs

s 5 2 ol g il gy i (VD) IS

Storey5

113300

rj)bk_illmduéjﬁ)b d)Lw DﬁﬂASC.,u.«t‘ u.:‘PERFORMSD ‘)bﬁ‘ rj)b ‘5‘)L~JJA@MH\J‘5‘))‘ dl"'ﬁ‘“‘b‘ (5[.@.\.:/‘5‘))“_;2{
(10) IS5 asly axdls JBlas CSsl | s 635 S, PERFORM ETABS 331

(456) 54

0.9
0.8
).7
).6
).5
).4
).3
J.2
0.1

1234567 8 9101112131415161718192021

35

alisee ‘S\Ab}a BL) e}l.w 395 Z(\O)Jg.z

= = PERFO
RM 3D

<e-0-+ ETABS

1v4¢ )LG{‘\B‘)LAJA‘(JQJL-A



alpleile wdige cpesul Sl g ol pwdige agh — e w s

& 7S w4

ol oS LT i sl b Billee 5o Slas mhaw el kb Vi Slantle S 5l pslie adlllae ol o

el il s gboletle (ald Sl ol 2 pske 4 cle pti S AL ULS gladsl o ol 0L adlles

lodss S 8l 55 50 S &) sa

Sl S a0 gl s 1 Lets Sl MW a3 g0l (S sme 1 Wi o305 et SLasl o sl 4 63V 58 (slatinslge 035331 )

Osi 5 5 Sl i slen 3 5 51 Bl sla 5,0 S 000 5 VL (s pdy IS8 bl cde & BRB iy jles b gloslor qtes 53 Y
g g S 03l 5 4l halS

s e LS 3 5l o Sl Olaxtlu s 4l RalS [l Ol il O uis dolge 035580 51 e Y

b il b i Rl el aS 3ud e o3l sl Oley SRS 5 e3le e [l el o3le (55, Aislge a8

534S Glandllas 55 & Al o O gz sl 310520 5 L o JWEEl b o5 a0 a0 st 5l Sty Joolin LSE5 clibs 21531 L -0
el o335 )Ll 3550l 4 5 WV plil G ol 528 53 YovA Jla

5 ol O i 5 el o3l 6o L IS 5 Cuslie 5 20k b b s e (Ll Eel g lee laptenn IS I 55 1
DA das o 288 1 o3l sl 0l

@Jf—o

[1] Yakut A, Giilkan P, Bakir B S, Yilmaz M T. Re-examination of damage distribution in Adapazari structural considerations. Eng.
Struct; 27(7): pages 990-1001, 2005.

[2] Handbook on seismic retrofit of building. Central public works department and INDIAN building congress in association with
INDIAN institute of technology-MADRAS, chapter 9, 2007.

[3] Michael N. FARDIS. Seismic design, assessment and retrofitting of concrete buildings seismic design, assessment and retrofitting of
concrete buildings. Based on EN-Eurocode8, Volume 8, chapter 6, 2009.

[4] Kaltakci M, Arslan M, Yavuz G. Effect of Internal and External Shear Wall Location on Strengthening Weak RC Frames. Sharif
University of Technology;17(4); pages 312-323, August 2010.

[5] Bertero V.V, Anderson J.C, Krawinkler H. Performance of steel building structures during the Northridge earthquake, Report EERC
94/09, University of California at Berkeley 2004.

[6] Bosh, T.D, Jones, E.A., Jirsa J.O., “ Behavior of RC Frame Strengthened using Structural Steel Bracing”, Journal of Structural
Engineering, Vol.117, No.4, April 1991, pp. 1115-1126.

[7] Uriz P, Mahin S.A. Towards Earthquake-Resistant Design of Concentrically Braced Steel-Frame Structures. Report PEER 2008/08,
University of California at Berkeley 2008.

[8] Masri A, Goel S. Seismic design and testing of an RC slab-column frame strengthened with steel bracing. Earth. Spectra; 12(4): pages
645-666, 1996.

[9] Kaplan H, Yilmaz S, Cetinkaya N, Atimtay E. Seismic strengthening of RC structures with exterior shear walls. Sadhana Indian
Academy of Sciences; 36(1): pages 17-34, 2011.

[10] Margaux Burkholder., Performance Based Analysis of a Steel Braced Frame Building with Buckling RestraindBraces, A Thesis
presented to the Faculty of California Polytechnic State University, San Luis Obispo, January 2012.

[11] Jinkoo K, Hyunhoon C., Behavior and design of structures with buckling-restrainedbrace, Department of Architectural Engineering,
Sungkyunkwan University, Chunchun-dong, Jangan-gu, 440-746 Suwon, South Korea.

[12] Fahnestock L, Sause R, Ricles J., “Seismic Response and Performance of Buckling-Restrained Braced Frames”, Journal of
Structural Engineering;133(9):1195-204, 2007.

Ao 1v4¢ )L@g‘\o)w‘(ijLu



alpleile wdige cpesul Sl g ol pwdige agh — e w s

[13] R. T. Ranf, “Analysis and design comparison between unbounded and conventional bracing”, CEE 513: Advanced Steel Design
Winter 2003.

[14] Rahai A, Lashgari M., Eismic strengthening of nine-storey rc building using concentric and buckling-restrained bracing, 31st
Conference on OUR WORLD IN CONCRETE & STRUCTURES, Singapore, 16 — 17 August 2006.

5 S Olesle @il 5 SA6 spdles ol s byl (el 5 (28 el e TN oled 05 e sladlentle sl S (ol Jordl 2 [VF]
2555 Gyl

[17] Mahin A S, Uriz P, “Toward Earthquake-Resistant Design of Concentrically Braced Steel-Frame Structures”, Pacific Earthquake
Engineering Research Center College of Engineering University of California, Berkeley, PEER Report 2008/08, November 2008.

oileS aols 5l solitnl b ead (il palie d92g0 phaiel gluns oy el gloj ) o, Shas (cwryp ©p «s35) e Slan, codl wg wdd s e ST [VA]
DY o lads o 4,5 AYAY (40

A‘ \Y’ﬁi )Lﬁ‘\o‘)m&(jbdb



