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Fig. 1. The similar plan of 5 and 15-story structures 3 dimensionally in this research

e & (e s I 330l (Jyg0 4 1) (b pd wsin
‘&@Qwﬁowqgo\JWIw.mlw;wwuk
2 gydie Slasuie b Has 50 ewlBols .l ol (5,8 Clo
3l 5l edlazel b g wilends zl sl [¥Y] PEER cols 51 ¥ Jgas
calys Jso ol 55 Slosis 411 70 ol L {¥¥] SeismoSignal
ol sl 005 ) 155 350 (slaablSiti 4 015 Jlacl ks pobio
olej 2 Ll il Qs Jlade (g) adls s Jlosl (9 Gl o
4 a5 caldl )3 a8 o wlide dnlg dde w1y ol Jgl do oy gl
23,5 o0 Ll b3 28 4 35 (g, P

O 9 b bl d)lee (glyls plate (63Y¥50 sl sl )b-)
S asls 5L

zos Vol g adlas 3y50 Sl s jd claie ani-Y
FEMA P50 Josdlygins (ooloiuing JuS 4 o055 3545

adlas 3)50 OB (ol B (dad o (Seals sl Jidos plohY

SBOB (S55908 olej Sde g (05 (598 Cadls 25l F
(S ylaalals SUT g 9 b Clles a0l (sl (62V g

U9 3908 (63 Sas o 53 (gloj ) (Saisls glo iowe (gdnwe—0

\AD)

5 2o Gygo & olall cpl sl 0ad edlatul (jlo Jde j> ad
el )3 1y Ly lall _osbly )b, b Al oo 03 yiusS (satmmntodly sasly
@ e SIS an)les (o34 oo bl )3 anles (bl (lad e
las )l o Bl sl el > IS oalasls 5UT claals
S B g 51 lbBME (gl S (gl sl o L)) ¥ IS
oM oyl sl 0 o3liol Yl o yiy) Slow b Szas¥] sy
Z€10— o)l (caluwy 45 b ,2leS” aipylge e StV clol 4
Gy bOMe skl g ;> GAP (ol .sloas Lo length
by ) o elbdls sl 0 o3lits] Sl 534 (gjls o
o Jbe Seza¥l plall &g 4 LSS oalasls SUT claabe Jobo
Syl 5l g ond S s 5 Sezw¥l L 5 GAP Lol s
O ool (gilwJde sl 55 Bl Ll sl 0003,5 Jas By S
g U EleS” A)lhe diwd ol 00l edlas] OOME 5 58] Clxas
Jao T almly gty plall Ojg0 4 S5 bbb LT gladls
Self-Centering ,guos 5 bWl ol sjlodde slp [¥V] Sloss
gt kB, 556l s .l s odlizl OpenSees sl 5 5

M b g9 ol )0 &S ol i odlitnl 3 )Kar s 5l wdia

1 Force Beam-Column Element
2 Displacement Beam-Column Element



*Im)od

6*6 m

v

CONFIGURATION REPEATS
FOR EACH FLOOR

— MULTI-POINT
CONSTRAINTS

COLUMN

OMPRESSION, NEAR ZERO
STIFTTES TEMNSION

55,90 (g du 5 3L 3 buw gl Bl g, LS CBLY UL

Fig. 2. The side frame extracted from the studied 3D structures

Y¥Y



VOA B VYV dio ¥+ Jlo o o)l @F 0593 S yual lyos cwdiges & il

s“‘"\"‘ Outer tubes
o ) . 5 :o\ s
Rigid multi-point = 2 SMA rod Rigid rod ao'.Gap element

constraints link % D
- Inner tubes

(%)
0\
A
*
/. a +?

- 'l.... ‘..--"‘..ll..
«> - > € -z 54—

BRB core

[F7] IS5 s bl U1 &y oo S IS il Sl slad ' JSL3

Fig.3. The schematic elevation of buckling restrained brace equipped with shape memory alloy

A & Ol s alyb ablis ) Jsis

Table 1. Designed sections of S5-story frame
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Table 3. The studied earthquakes in this research [25]
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Fig. 4. Details of buckling restrained brace equipped with shape memory alloy 1) buckling restrained
brace 2) SMA rods 3) sheaths [32]
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Fig.5. Experimental specifications of steel moment frame of Sabouri and Sajadi [35]
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Table 4. Error percentage of studied parameters under cyclic loading of numerical and laboratory samples
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Table 5. The mechanical properties of SMA based on the presented behavioral curve
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Fig. 10. Results of incremental dynamic analysis of 5-story frames with BRB in two modes with
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Reduction percentage of collapse of 5 and 15-story frames with BRB in two modes with and without SMA

oU

58T

T 1

15 ST

e

——BRB
——BRB-SMA | ] 19

1 2

. . . 0
3 4 5 6 0

Spectral Acceleration ( Sa(T1,5%))

Wb 10 50 gl O 550 5953 Casdybs (gl 855) (5SS Wb siveko ) F JSUlS

—BRB
—BRB-SMA

2 4

6

8

10

Spectral Acceleration ( Sa(T1,5%))

Fig. 14. The seismic fragility curves of collapse capacity of 5 and 15-story frames

Yoy

12



5ST 15 ST
1 . . . . ‘ —— 1 ; . . .
BRB BRB
19r BRB-SMA | 7 9 BRB-SMA | 7
1.8 . 1.8 F q
1.7k b 1.7+ q
1.6 b 1.6 q
1.5 F b 1.5+ q
14 . 1.4+ q
1.3 . 13 F q
12 F b 12 F q
L1k 1 Ll 1
0 ; . s ‘ 0 . ‘ . s
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Maximum Drift of Frames Maximum Drift of Frames

Wb V0 90 b ol Cdy gl o)) (SaiSl b Soxe N O IS
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Fig. 17. Comparison the collapse duration of the studied frames due to near fault earthquakes
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