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Table 1. Inter-story drift ratios at the threshold of different structural damage states for High-code seismic design level and
High-rise buildings [25]
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Table 2. Drift ratios at the threshold of different damage states for nonstructural displacement-sensitive components [25]
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Table 3. Peak floor accelerations at the threshold of different damage states for nonstructural acceleration-sensitive
components in High-code seismic design level [25]

J"‘b/ &9 M)L" S Q)L..:} C“““‘
(Complete) (Extensive) (Moderate) (Slight)
YIf g VY g N /¥ g S ol

LT o> yb 5 axllins 3 )90 Ll lasein —0

Gy Sjpe &y o3 Sl slaail S LS o e o 5 b (i SletPle Gl & s 4 a5 5550 Slojle sla e
el i 5 plol DY [Sillas folaze Db Sy (6, US o, 40 bl 6,55 553 b b e oy ot azd 5 (L o
SEBLS i oo ol yo 7 ladilas, (250 5 Jobo 5 035 e TIF Slib el )| L ailes Jloz ©jge 4 o) JS Bl LB
b5 5| ol olts auglie sl o JU hyie co¥sb s OB lais,S 15 1a jolne oo wiloo 95 4 5 (6,5 &y 4
el o 45,5 15 b ilaS i lge s o e

10-Story w/o BRB 10-Story with BRB

‘Mm—
3B M-

e 4xBR=24 M —————

b— 10x3.6
p——————10x3.6

- [ [ ] | (] ] m Y -4
P———4x6=24m —— F———4x6=24m i I 4x6 =24 m —

(<) )
Lo (0 oDl (Gl tais 08 Slois b Lol anllias )50 b Joro —,JSb

Fig. 1. Ten-story building frame models used in this study; a) Plan, b) Elevation
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Fig. 2. Farce-displacement diagram of buckling-restrained brace [27]
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Table 4. Designed cross-sections for the 10-story building frame model
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Fig. 4. Comparison of the hysteresis curve of the BRB obtained from OpenSeesPy software with the experimental model of
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Table 6. Comparison of the BRB performance parameters obtained from the finite element modeling and the experiment of
reference [30]
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BRB at different damage states

; S b S plod duglio g 2L G, -A-F

(D laS 0 lae 030 5 ) Slaisl B Jos slo ol jeasigt ol (glej ) SaniSs simis YE pLas s ) 0
4 les Glojlo e Gl Ol s NSD : Glul> 4 ulus @lojlu e slixl & lis S islojlu sl O lus) Ol g4
9V ) sl i o (Complete : LolS™ g Extensive :as Moderatesgsdle Slight :caa5) alises 65,Slas golaw 9 (NSA 0L
8,8os gl Lol b o] 5 caseino Jlais! Jga> slp o3¥ a3l dos el agy Sl cpl oled 1o 0gd oo a1 VY
St len 50581 oS 5 g e i (59,Ska b oz 5o 58 oS 985 onlie ian ol canliin B (&)
slizl 990 50 (Jy wodios @lmlr 4 wlas lojl e Slixl g lojlo izl conl Jlodal 2alS crge o )lgen Db LS
o 95938 o il 55 (S Sl w55 5 ol Jloiod 20lS rge iflio 081 5 & it &y ol (sl
Sl iy o 5 i (59 5ke sl 2l Jlotol il ol 055

O+ ol Jlaizl sl p3¥ a3yl Bol ) (FouSs mis aile O g0 4 (SASo (G VIl Lol> mls o
07 o] Jloi o loe 500 B slosles iz (sly diges Glgie s ol oo 00,51 ¥ Jsaz 3o aliBee (50 ,Slos zghaw 4o
g IYY g e NY g ey 4 PGA sy JolS 5 aows cpdlo it (O)lus) (69,5hes obats (o ((Fa8s  Jove aileo)
Al o alazdl, g lBIY/D0 g g VIV e /¥V g NG polie 4 b aileS oty jlee b el gl a5 0l oV /FF g g - /77
VOVY G g /PV Qe IVF Qo NY g 51 o0 Shos mhaw oz jo (SouSls cove dil pos Old 4 il lojluge gl 6l
Al oo sl Ll 0 VTP Qo /OY G /YVG /e g aigglee byguyicdl> o

O 039381 5158 (B ] Jloiil gl p3¥ aly); Sud) (SoisSs povie il 50 cond et Oz 4 Yl s ad
lojle lix! (SoSs sove ailes il ol 039381 1,0 550 o sdaline .ol oas 00,91 A Jgo j0 b ileS aigiles
bor (R 0)lgen SLLL 4 ulus (glojle é il (oSS gz a9 (Il ojlgen lnl> 4 les Gojlng
G YA oo AY LAY o cuwiy 4 ool 4 b lojlu e slizl g lojle slizl 0,90 jo (SauSs pouine aile il38l
el 0o ) 3 VALY o olld 4 wles lojlu e slial (Sauss sovse dils (rals a0 il s vy V0 e

\#



Slight Damage - S

00— o=== 1.0 —
808 808 +
S 3
Ee] °
D 5]
o 06 S 06
k) K 5] J
204 ¢ K 204 ¢ y
: 5 / |
Soe | A, —— with BRB So2 | with BRB
o ’ [a I/ | —
————— w/o BRB / /vv/o,B-RB/
0.0 | . . 0.0 ‘ | L .
0.0 0.1 02 03 0.4 05 0.0 0.2 06 08 1.0
IM: PGA (g) IM: PGA (g)
Slight Damage)tsa/ Moderate Damage - NSD
1.0 — = 1.0
£ 8 08
‘ e ;
@ © 4
ke ' ko] )
8 l’ 8 /
§>< 06 ! g 06 - ,
L ' L )
Y= ! Y ’
o :I o '
204t . 204 | K
= =
k| — with BRB 3 ' —— Wwith BRB
© 02t S 02t /|
[a ac /I
————— w/o BRB 7 ----- w/oBRB
0.0 . . . 0.0 / f I | |
0.0 0.2 0.4 06 08 1.0 0.0 0.3 06 0.9 12 15
IM: PGA (g) IM: PGA (g)
Slight Damage - NSA Moderate Damage - NSA
1.0 — 1.0 —
é 08 - § 08
< <
3 o
3 D
S 06 | S 06
x
L i
S 5
204 > 04
8 3
Qo . S .
© 02 | —— with BRB S 02 | —— with BRB
[a /’ E /I
e w/o BRB S Wlo BRB
0.0 ‘ ‘ ‘ ‘ 0.0 s s \
000 005 010 015 020 025 0.30 0.0 0.1 0.2 0.3 0.4 05
IM: PGA (g) IM: PGA (g)

Moderate Damage - S

w2l g hnds sl Zolaw 50 S GHLS W)l g 9 b (Gleidle OB slojlu yuf 5 Glojlu (SuisSl gla s 1) IS

Fig. 11. Structural and nonstructural fragility curves of the building frame with and without BRB at Slight and Moderate
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Fig. 12. Structural and nonstructural fragility curves of the building frame with and without BRB at Extensive and Complete
damage states
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Table 7. Earthquake intensity (=PGA) required for a 50% probability of damage (median of the fragility curve) for
structural and nonstructural components in the building frame with and without BRB at different damage states
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Table 8. Relative percentage change in the:median.of the fragility curve (earthquake intensity required for a 50% probability
of damage) due to the addition of BRB
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