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Fig. 1. Performance of a conventional steel brace versus a
BRB under axial compression[7].
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Fig. 2. Diagram of brace behavior in tension and compression
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AVE NUMBER OF HINGE-8ST

PERFORMANC FRAM = PUSHOVE QUAK
E E R E
COLUM
N 0 0
DUAL  BEAM 30 0
BRACE 168 24

COLUM
LS SIMPL N 0 0
E BRACE 242 70
COI’:IUM 0 0

RCF
BEAM 214 55
AVE NUMBER OF HINGE-8ST

PERFORMANC FRAM |~ PUSHOVE QUAK
E E R E

COLUM
N 0 0
DUAL BEAM 0 0
BRACE 0 4

COLUM
cp SIMPL N 0 3
E BRACE 0 14
COIKJUM o o

RCF

BEAM 10 0

Table.3. The Number of Hinge-8ST
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AVE NUMBER OF HINGE-4ST
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N 0 0
DUAL BEAM 22 1
BRACE 64 20
Ls COEUM 0 2

SIMPLE
BRACE 112 39
cokluwl 0 0
RCF
BEAM 126 30
AVE NUMBER OF HINGE-4ST
PERFOEMANC FRAME  HINGE PUSHROVE QUEAK

COLUM
N 0 0
DUAL BEAM 0 0
BRACE 0 8
cp COH"M 0 1

SIMPLE
BRACE 0 16
cokluwl 0 0
RCF

BEAM 0 0
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Table.2. The Number of Hinge-4ST
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AVE NUMBER OF HINGE-12ST

YA

PERFORMAN FRAM PUSHOV  QUAK
CE E HINGE ER E
COLUM
N 0 0
DUAL  BEAM 52 0
BRACE 244 30
COLUM
LS SIMPL N 12 2
E BRACE 352 73
COLUM 0 0
RCF N
BEAM 528 77
AVE NUMBER OF HINGE-12ST
PERFORMAN FRAM PUSHOV QUAK
CE E HINGE ER E
COLUM
N 0 0
DUAL  BEAM 0 0
BRACE 0 4
COLUM
cP SIMPL N 0 1
E BRACE 4 9
COLUM 0 0
RCF N
BEAM 80 0
Table.4. Table. The Number of Hinge-12ST
vl g -o-T-Y

Sl el ol 63,5 (0) Jsd= 53 ol Sy e

CHSOLE Y Gl al S eSSl aesls S Seaata


http://dx.doi.org/10.22034/23.6.12
https://mcej.modares.ac.ir/article-16-63784-fa.html

[ Downloaded from mcej.modares.ac.ir on 2024-04-28 |

[ DOI: 10.22034/23.6.12 ]

VY JL_«/'\ D)LNZ/(}*NJWQJ}J

Jeab s b slsls oS DBl O s Sy sh

a.,\..itkeg.}l b BlS gladuslge (59, (godane Lguui\ibﬂ

P
(cm) ol LB AL O s A Jgaer
Residual Deformation-4ST
NUM QUAKE SIMPLE DUAL RCF
1 BAM -3.37 0.02 0.04
CENTRAL
2 CALIF 2.24 0.43 0.01
3 IMPERIAL -1.74 -0.44  -0.03
4 KOBE 3.58 0.28 0.62
5 LANDERS -2.37 -045  -0.23
6 NORTHRIDGE 5.94 121 064
SAN
7 FERNANDO 3.12 -0.32  0.05
AVE 3.19 0.45 0.23
Residual Deformation-8ST
NUM QUAKE SIMPLE DUAL RCF
1 BAM -8.68 021 02
CENTRAL
2 CALIF -2.65 -0.44  -0.53
3 IMPERIAL -1.7 -3.19 1.37
4 KOBE -3.8 -0.26 0
5 LANDERS 0.36 0.28 -0.23
6 NORTHRIDGE 9.8 2.82 431
SAN
7 FERNANDO 4.59 0.2 -0.04
AVE 451 1.06 0.95
Residual Deformation-12ST
NUM QUAKE SIMPLE DUAL RCF
1 BAM 15 -0.08  -1.46
CENTRAL
2 CALIF 4.89 0.18 -1.07
3 IMPERIAL -4.1 -0.72 1.02
4 KOBE 3.6 0.01 -0.5
5 LANDERS -0.55 -0.02 -0.49
6 NORTHRIDGE 3.91 0.94 1.43
SAN
7 FERNANDO 2.09 0.23 1.02
AVE 9.97 0.31 1

Table 6. residual Deformation(cm)
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(tonf) <t 2.0 Jsx

BASE-SHEAR-4ST

NUM QUAKE SIMPLE DUAL RCF
1 BAM 24516 30555  269.38
CENTRAL
2 CALIF 32643 46049 201.03
3 IMPERIAL 263.62 33854  309.59
4 KOBE 236.65  349.29 274.37
5 LANDERS 204.12 282.1 126.58
6 NORTHRIDGE 27176 35133 33144
SAN

7 FERNANDO 199.69  291.18 168.33

AVE 249.63  339.78 2401

BASE-SHEAR-8ST

NUM QUAKE SIMPLE DUAL  RCF
1 BAM 6504 55164 454.98
2 e 480.21 56121 494.69
3 IMPERIAL 79554 84437 427.24
4 KOBE 70068 67231 57291
5 LANDERS 41549 537.92 33107
6  NORTHRIDGE 62062 69502 411.93
7 FER?\I';I\II\IDO 37339 48059  483.26
AVE 579.19 62044 453.73
BASE-SHEAR-12ST
NUM QUAKE SIMPLE DUAL  RCF
1 BAM 638.15 75589 567.04
2 A 75171 84405  448.08
3 IMPERIAL 828.05 99444  667.46
4 KOBE 75865 73417 533.72
5 LANDERS 30596 40015 337.67
6  NORTHRIDGE 80972 84929  694.04
7 CERuANDG 6139 43378 53464
AVE 66481 71597 540.38

Table 5. Base-Shear (tonf)
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Drift-4st
Number Quack simple Dual Rcf
1 Bam -0.98% 0.44% 0.59%
2 Central calif  -2.20%  0.83%  -0.75%
3 imperial -1.49% 0.38% 0.68%
4 kobe -0.57%  -0.31% 0.56%
5 landers -0.81%  0.29% 0.41%
6 Northridge 1.24% 0.43% 0.99%
7 sanfernando  -0.68%  -0.33%  -0.37%
ave 1.14% 0.43% 0.62%
Drift-8st
Number Quack simple Dual Rcf
1 Bam -1.32% 0.35% -0.75%
2 Central calif  -1.43% -0.46% -0.82%
3 imperial 1.65%  -0.69%  0.90%
4 kobe -0.99% -0.20% -0.76%
5 landers -0.76%  -0.44%  -0.44%

—— s i (4 p
Sl e

-—@ = ed 8y ag

1
0
0 100 20 300 400 500
s?1ea r(ton?
6 Northridge 1.51% 0.45% 1.25%
7 sanfernando 0.21% 0.36% -0.78%
ave 1.13% 0.42% 0.81%
Drift-12st
Number Quack simple Dual Rcf
1 Bam -1.70%  -0.14%  -0.53%
2 Central calif  -1.01% -0.44% -0.75%
3 imperial -1.30%  -0.44%  0.89%
4 kobe -0.38%  -0.30%  -0.59%
5 landers -0.18%  0.17% 0.32%
6 Northridge 1.78% 0.59% 0.86%
7 sanfernando -0.52%  -0.15% 0.89%
ave 0.98% 0.32% 0.69%
Table.7.Drift
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quack year station Mw X(q) Y(q) priod-x priod-y
BAM 2003 Jiroft 6.6 0.0408 0.028 0.32 0.28
CENTRAL CALIF 1954 city hall 7.2 0.0527 0.04851 0.64 0.18
IMPERIAL 1951 el centro 6.5 0.0287 0.03018 0.14 0.5
KOBE 1995 nishi 6.9 0.1576 0.1456 0.82 0.56
LANDERS 1992 yermo 7.3 0.0651 0.053 0.21 0.3
NORTHRIDGE 1994 sylmar 6.7 0.074 0.066 0.36 0.4
SAN FERNANDO 1971 carbon canyon 6.6 0.0712 0.071 0.12 0.26
e b sl bl 4 by e sl
A.L.]oi, o)'Lw ULJ,.ﬂJu» )l::u
BEAM MODELING PARAMETERS PERFORMANCE LEVEL
MODEL a(Min-Max) b(Min-Max) c 10(Min-Max) LS(Min-Max) CP(Min-Max)
SIMPLE
FRAME 0.022-0.025 0.041-0.05 0.2 0.0077-0.01 0.0197-0.02 0.041-0.05
RCF 0.018-0.025 0.031-0.05 0.2 0.0055-0.01 0.017-0.02 0.031-0.05
COLUMN MODELING PARAMETERS PERFORMANCE LEVEL
MODEL a(Min-Max) b(Min-Max) c 10(Min-Max) LS(Min-Max) CP(Min-Max)
SIMPLE — 013.0032  0.01945-006 0.2 0.0034-0.005 0.016-0.024 0.01945-0.06
FRAME
RCF 0.014-0.032 0.0198-0.06 0.2 0.0037-0.05 0.0165-0.024 0.0198-0.06
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BEAM MODELING PARAMETERS PERFORMANCE LEVEL
MODEL a(Min-Max) b(Min-Max) c 10(Min-Max) LS(Min-Max) CP(Min-Max)
SIMPLE 5 10350025  0.0448-005 0.2 0.0083-0.01 0.019843-0.02 0.0448-0.05
FRAME

RCE 0.02-0.025 0.038-005 0.2 0.0062-0.01 0.019-0.02 0.038-0.05

COLUMN MODELING PARAMETERS PERFORMANCE LEVEL
MODEL a(Min-Max) b(Min-Max) c 10(Min-Max) LS(Min-Max) CP(Min-Max)
SIMPLE ) 1143.0032  001997-006 0.2 0.003-0.005 0.00897-0.024 0.01997-0.06
FRAME

RCF 0.00919-0.032  0.00909-0.06 0.2 0.003-0.05 0.0805-0.024 0.00909-0.06
4.5.:.% 'Y A)'Lw U:’J'i')% )L:M
BEAM MODELING PARAMETERS PERFORMANCE LEVEL
MODEL a(Min-Max) b(Min-Max) c 10(Min-Max) LS(Min-Max) CP(Min-Max)
SIMPLE - 1539.0.025 0.0453-005 0.2 0.00856-0.01 0.019879-0.02 0.0453-0.05
FRAME
RCF 0.0201-0.025 0.0386-005 0.2 0.00575-0.01 0.0187-0.02 0.0382-0.05

COLUMN MODELING PARAMETERS PERFORMANCE LEVEL
MODEL a(Min-Max) b(Min-Max) c 10(Min-Max) LS(Min-Max) CP(Min-Max)
SIMPLE
s 0.01-0.032 0.01-006 02 0.003-0.005 0.009-0.024 0.01-0.06

RCF 0.0087-0.032  0.00868-0.06 0.2 0.003-0.05 0.0778-0.024 0.00868-0.06
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Abstract

Due to the mechanical behavior of brb braces and concrete frames differing, combining these shows complex
behavior in a seismic. It can be used to dual system Brb-Rcf in a concrete moment frame to Improve
structural responses. Considering that the behavior of the BRB brace in compression and tension is similar; It
can solve the unbalanced force in the Double-K bracing system. The desirability of the Double-K
arrangement and its combination with the RCF system as a dual system should be investigated in order to
investigate the possibility of using Double-K braces in the RCF system and reducing residual deformations
in the case of the dual system. For this purpose, a series of buildings have been analyzed and designed in
three structural systems: Rcf, dual frame with brb brace, and bare frame with brb brace according to relevant
valid regulations. The pushover and time history analysis have been done, and the capacity curves, base
shear, and residual deformation have been investigated and studied. Adding brb braces to the concrete
moment frame and dually using them increased the structure's capacity. In the studied structures, from 84%
increase capacity in 4-story structure to 94% increase capacity in 12-story structure. This increase is due to
the interaction of the concrete moment frame and the brb braces in a dual system. Also, the use of brb braces
has made the structure repairable. Because in the concrete structure of the moment frame and the bare frame,
the failures were concentrated in the beams and a little in the columns, respectively, but in the structure with
Brb-Rcf, the losses were mainly transferred to the braces, which are easily replaceable. Also, the reduction of
residual deformation of the structure reduces causes the cost of repair and reconstruction in the structure.
Investigations on the formation of hinge showed Due to the Double-K brace that no hinge was formed in the
middle of the columns. the losses were mainly transferred to the braces, which are easily replaceable. Also,
the reduction of residual deformation of the structure reduces causes the cost of repair and reconstruction in
the structure. It was also observed that the structure in combination with the brace in the Brb-Rcf system is
designed more economically and with fewer consumables. It is shown in the structure of 8, 4 & 12 story; that
the base shear has increased in the frames with brb braces and this increase has been greater in the dual
system due to the bending frame and the brb braces. Also, in the hinge, it was observed that the failures of
the double structure were less and the types of failures were better according to the replaceability. In general,
due to less failure and more base shear that the dual system structure has, it can be said that the stiffness and
resistance due to the interaction of the bending frame and the non-buckling brace has increased, which is the
result of the good performance of the dual structure. By comparing the base shear, the suitability of these
values with the bearing analysis is clear, so that there also the results showed the increase of the base shear
due to the interaction of the frame and the non-buckling brace.
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