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2. HSS Reduced Length Buckling Restrained Brace
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Fig. 2. Framing details and arrangement of the tested specimen
(all dimensions are in mm).
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Figure. 1. Details of the tested brace.

(Outer Box ) B3 b >3l  bgd Slaseio —Y-F
on by s IS LS S Sk s 4 O
oo Bl s e G b 5l Jlesl las o i o kil
oAl (b5 Do 4 OUE 3,8 el B el s 50
Mu;wgésvjéjlﬁ& Yo Cwles 5 e e VYY
ol antle JKLLK YV Ll cslis 5 JKLLISS YO
S O 5 den y ahols (S [EalS e sy
2348 $osb a do)lgs 4 B Jlall gl ol sl
Ll G s OO il il Sl do)lgs (550 S 0L
G 115 e a1 IS) e a2 g il

- R e

(Inner Box ) Jxis b g olasie -¥-¥
S 4l o dilgs ates a0 GBS S sl sl
(G 3l ot atl) 2o Joo Yo Calses 940 sl 4y b5 5l
3 s al s .,\;J.)L@.nqvbﬁ Jlasl gl ol ol enlanal
odd hgr Lsles Obr a oS e e V0 s 4 B

s hgr Gy oopl 4 S b ol sdd sl



http://dx.doi.org/10.22034/22.4.11
https://mcej.modares.ac.ir/article-16-60047-fa.html

[ Downloaded from mcej.modares.ac.ir on 2024-04-25 |

[ DOI: 10.22034/22.4.11 ]

(:Lu’ G Ren A )lge slas > L, gads anlllas

4=l s oV dLﬁ.ﬂ sl sy s SKhsl coale

53 odel Cawes 4y 35558 (B 3 dulge 3 dme slil Jie 0 S

.ﬁ\»ﬂﬁd\ij&iwjjﬁé«?b

Fig. 5. Finite element model of the frame, stress contour
obtained in the fuse zone, and the specimen failure during
the test.
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Fig. 6. Comparison of the load — displacement curve of the
numerical model and the tested sample.
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Fig. 4. Loading protocol.
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Fig. 7. Characteristics of HRLBRB brace, a) general view
of the brace, b) cross section of the brace in the fuse zone,
and ¢) the core in the fuse zone.
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No  Model  Constrained Gap  Yielding YLR= .. th‘c('t‘s‘)‘ess friction  Ac
name length (L) size length (Ly) Ly/Ltot % [Atot

1 N-Sg0 1500 0 1000 0.29 60 20 15 0.3
2 NSg2 1500 2 1000 0.29 60 20 15 0.3
3 NS-g5 1500 5 1000 0.29 60 20 15 0.3
4 N-S£10 1500 2 1000 0.29 60 20 10 0.3
5 N-S-f15 1500 2 1000 0.29 60 20 15 0.3
6 N-S-£30 1500 2 1000 0.29 60 20 30 0.3
7 N-S-T-5 1500 2 1000 0.29 60 5 15 0.3
8 N-S-T-10 1500 2 1000 0.29 60 10 15 0.3
9 N-S-T-20 1500 2 1000 0.29 60 20 15 0.3
10 N-S-L-300 700 2 300 0.09 60 20 15 0.5
11 N-S-L-1000 1500 2 1000 0.29 60 20 15 0.5
12 N-S-L-1500 2000 2 1500 0.43 60 20 15 0.5

Table. 1. Specifications of the analyzed models
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Cycle amplitude Apy 0.5Apm Apm 1.5Apm 20pm 1.50pm 20pm
Number of cycles N 2.00 2.00 2.00 2.00 2.00 4.00 2.00
Story drift ratio A/h (%) 0.14 0.50 1.00 1.50 2.00 1.50 2.00
Story displacement (mm) 3.15 15.00 30.00 45.00 60.00 45.00 60.00
RLBRB displacement - Am (mm) 2.23 10.60 21.20 31.80 42.40 31.80 42.40
&c (%) 0.00 0.01 0.02 0.03 0.04 0.03 0.04
ZAPL (mm) - 67 151.8 236.6 321.4 473.1 321.4
n - 30 98 204 348 560 704

Table. 2. Loading protocol, axial strain, and cumulative plastic deformation
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Fig. 8. The load - axial displacement curves of FE models.

W D
S 2
S O

KN) ()55 S50
(=]

o W
=
s 3

N-S-g-2

-84-63-42-21 0 21 42 63 84
(mm) Soy QL<‘):~:§

<-600
-900

N-S-T-)

-84 -63-42-21 0 21 42 63 84
(Mmm ) s> UK”f:"J

900
X 600

Y 300
0
R‘ -300

b
D 600

N-S-L-1000

&

% -900
2 -84-63-42-21 0 21 42 63 84
(mm) Sos Q&"Jt"”

T 00 Sl b b b sl lsgel (o N S

sl Loles slas o S, s s

800
600
400
200

-200
-400
-600
-800

KN) )50 650
(=)

-80 -59 -38 -17 4

—e— friction-10
frictio-15

25 46 67

(MM) gy e O i
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No. Model name ;{5‘\?’; g("f\% Amax ¥ (Mm)  Amax — (mm) Dfl; Ccttl(l)lrty B enlzzs;lzzfﬁm)
1 N-S-g-0 366 833 74.23 74.23 17.3 2.28 9750
2 N-S-g-2 360 513 74.23 74.23 17.3 1.43 7892
3 N-S-g-5 349.6 3474 46.4 27.84 9.75 1 3132.8
4 N-S-f-) 360 389 74.23 64.23 17.3 1.08 7472.5
5 N-S-f-15 360 513 74.23 74.23 17.3 1.43 7883.9
6 N-S-f-30 362 660 74.23 46.00 12.5 1.82 6514
7 N-S-T-5 361 411 74.23 74.23 15 1.14 7118
8 N-S-T-10 361 594 74.23 74.23 17.3 1.65 8125
9 N-S-T-2 360 513 74.23 74.23 17.3 1.43 7884
10 N-S-L-300 670 504 46 27.84 11.53 0.75 6572
11 N-S-L-1000 625 726 60.4 55.70 18.05 1.16 9887.9
12 N-S-L-1500 619 692 60.4 46.40 16.6 1.12 8912

Table. 3. The hysteretic parameters obtained from numerical models

YFA
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Abstract

Concentrically braced frames are among the prevalent seismic force-resisting systems used in the construction
of steel structures. This type of system provides a suitable level of stiffness for structures under low and
intermediate seismic oscillations. However, under strong motions, it has noticeable deficiencies such as
stiffness loss under compressive force, the unacceptable difference between the tensile and compressive
strength of the brace, low energy-dissipating capacity, and overall poor cyclic behavior. To overcome these
deficiencies, the idea of the Buckling Restrained Brace (BRB) was proposed a few decades ago. Since the
invention of BRB, extensive studies have been carried out to optimize the new brace system. These studies
have resulted in the emergence of different generations of buckling restrained braces. In the first generation of
BRB, a concrete-filled sheath had been used around the inner core of the brace. To upgrade that heavy brace,
the researchers developed an all-steel brace system that was considerably lighter in weight, faster to build, and
easier to inspect its yielded core after an earthquake. Later on, the idea of reducing the length of the core, as
well as the sheath, was proposed which led to an even lighter brace, while keeping all the major advantages of
the traditional BRB. In this paper, twelve all-steel BRB samples, based on a reduced fuse length, have been
investigated numerically. Each brace sample is composed of three boxes, which include the main box, the
outer sheath, and the inner box. The outer sheath and the inner box are used to prevent the local buckling of
the core in the fuse zone. The outer sheath and the inner box are connected to the brace core at one end only.
In this study, the cross-sectional area of the brace core in the fuse zone was considered to be less than half the
total cross-sectional area of the original brace section. The samples were loaded by the quasi-static cyclic
loading protocol of AISC. The numerical analysis showed that the proposed brace withstood an axial strain
level of around 4%. The numerical modeling of the proposed brace was verified by the data reported for an
earlier experiment that had been carried out in the laboratory of the Housing and Urban Development Research
Center (BHRC). In the numerical study, the effect of influential parameters of the proposed brace on its cyclic
behavior was investigated. These parameters included the ratio of the fuse length to the total brace length, the
gap between the core and the inner/outer boxes, the inner/outer box thickness, and the friction coefficient
between the core and the contact surfaces of the boxes. Using the hysteretic curves of the brace, obtained from
the numerical analyses, the ductility parameters, and the amount of dissipating energy were evaluated. The
results showed that the obtained amount of the relative lateral displacement of the proposed brace is acceptable
according to the code regulations. Moreover, the cumulative inelastic deformation of the proposed brace

surpasses the minimum requirement of the code for the predefined loading protocol. The studied samples were
stable and had relatively symmetric cyclic behavior in the compression and tension zones. The study showed
that the proposed bracing is suitable for the rehabilitation of buildings.

Keywords: Buckling Restrained Brace (BRB), Cyclic curve, Fuse, Sheath, Ductility coefficient.
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