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ABSTRACT: The use of steel braces in buildings with a system of seismicity in the moment frame can
significantly control the lateral displacement of the structure. One of the problems with the conventional
bracing system is their buckling in compressive loads, which reduces the amount of energy absorbed
by the structure. The buckling restrained braces (BRBs) have been removed by the removal of buckling
bracing at the pressure of common bracing, but such cases as overweight, high prices and rigorous
implementations have led to the introduction of a new type of buckling brace called Reduced Length
Buckling Restrained Brace (RLBRB). However, in RLBRB, due to the low cyclic fatigue phenomenon,
the length of bracing cannot be over-reduced so that it can be replaced as an inactive system after an
earthquake. In this research, a new and innovative idea called Reduced Length Buckling Restrained
Brace with S-shaped Core is introduced, which, despite its very short length, can overcome all the
problems with the RLBRB and BRB system while also serving as a passive control system. Therefore,
the analytical model in the ABAQUS finite element software was validated with the experimental results
of RLBRB and BRBs of previous research work. Then, according to the results of the analysis, the
profile of the longitudinal buckling curves with the S-shaped core is compared with the RLBRB and
BRB braces. The results from the comparison of the proposed pattern with conventional buckling braces
indicate that, despite the smaller and lighter ones, these braces have the same behavior as the BRB
braces.
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1- Introduction 2- Methodology

Due to the damages caused by past earthquakes in Iran
and the world on steel buildings, it is necessary to pay
attention to the use of modern seismic systems to reduce
the damage and increase the speed of structural restoration.
Despite the variety of lateral bearing systems, buckling
restrained brace frames (BRBFs) have a special place in
seismic resistant systems due to their high hardness, optimum
energy absorption, stable cyclic behavior (hysteresis) [1-4].

Buckle bracing has disadvantages such as high weight and
high price compared to other conventional bracing systems.
One of the limitations of this inhibitor is the emergence of
persistent deformation in large earthquakes.

To overcome the existing problems of BRBs and
optimally design to make the most of the energy dissipation
potential of these braces, one can focus on two parameters
of hardness and strength. Cross-sectioning and reduction of
the core length are suggested [5]. In this study, in order to
optimize the design, considerations of cross-sectional area
change and reduction of core length for a full steel buckling
restrained brace are suggested.

*Corresponding author’s email: jshafaei@shahroodut.ac.ir

This study aims to present functional behavior at the level
of conventional RLBRBs by presenting proposed braces that
are shorter in length than conventional buckling restrained
braces. It should be noted that in conventional buckling
restrained braces, the core usually consists of a surface that
withstands the applied force and enters the plastic section.
But in the proposed model, as shown in Fig. 1, the core has
three levels with the same materials and the same cross-
section used for the previous brackets (ST 37-2).

3- Results and discussions

In order to investigate the effect of low-cycle fatigue, the
Miner and Nakamura relationships are studied to determine
whether or not there is an optimum break in the brace. The
results of the Nakamura relation show the number of cycles
required to break the cycle of fatigue failure (Table 1).

As can be seen, the cumulative fatigue failure index is
below 1, indicating that the brace failure is not up to the
strain amplitude 1.5Abm. The hysteresis diagram of the
proposed brace illustrates this result well (Figure 2).
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Fig. 1. Details of (RLBRB) with s-shaped core

Table 1. Number of cycles and failure index for S-core (RLBRB)
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Fig. 2. (RLBRB) hysteresis diagram with S-shaped core

Another important point in these braces is brace buckling
under compression cycles. In this study, in order to minimize
the local buckling of the core, the free distance between the

core and the encasing is reduced as far as reasonable results

are presented.

3- 1- . Controlling Watanabe’s relationship for encasing
One of the most important criteria in designing a buckle-
resistant mechanism is to check and control Watanabe’s
relationship so that the brace does not bend and there is no
significant axial force in the encasing. To this end, Watanabe

relationship:

< | U
I\
—_

et al. suggested that the encasing should be designed to
withstand the bending stiffness equivalent to the following

544

()

Whereas Py is the yielding member of the bonding member
and Pe is the elastic buckling strength of the steel.
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4- Conclusions

In this research, a new type of reduced-length buckling
restrained brace (RLBRB) with an s-shaped core has been
proposed. The purpose of this study was to address some of
the executive and functional problems in long and reduced-
length buckling restrained brace. The results of nonlinear
finite element analysis show that:

The restraint to the end of the AISC 341 standard
loading protocol exhibits stable cyclic behavior without
loss of resistance and hardness and no overall buckling has
occurred.

Due to the very small gap between the core and the
encasing, the local buckling was limited, which in turn
caused a uniform distribution of stress in the brace.

The results of the analysis also showed that the energy
dissipation of the proposed S-core brace is similar to that of
conventional short-length brace.

Based on the results of this study reduced length
buckling restrained brace(RLBRB) with s-shaped core are
recommended as a replacement for conventional braces due
to their light weight and easy portability.
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Fig. 15. Comparison of (RLBRB) hysteresis chart and S-core (RLBRB)
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Fig. 16. Local buckling of (RLBRB) with s-shaped core at different strain amplitudes
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Fig. 17. Comparison of RLBRB cumulative energy damping and S-core (RLBRB)
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Fig. 18. The effect of core thickness on (RLBRB) s-shaped hysteresis
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Fig. 19. Effects of yield stress on(RLBRB) s-shaped hysteresis diagram

v¥ss



PN S (59500 &1 pSINS (553 (59,5 Capn T Jga

Table 2. The ratio of maximum compressive force to maximum tensile

strength
S aals Pmax(KN) Tmax(KN) (Pmax/tmax) G
0.5Abm 424.7 230.5 1.1
Abm 310.5 276.2 1.12
1.5Abm 365.2 326.4 1.12
2Abm 397.2 383.5 1.03
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Table 3. The values of ® and p for S-core (RLBRB)

CYCLE [0)
0.5Abm 1.01
0.5Abm 1.16
Abm 1.24
Abm 1.37
1.5Abm 1.45
1.5Abm 1.6
2Abm 1.6
2Abm 1.66
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Table 4. The values of ® and p for the (RLBRB) of Razavi

CYCLE o

0.5Abm 1.02
0.5Abm 1.18
Abm 1.27
Abm 1.39
1.5Abm 1.48
1.5Abm 1.61
2Abm 1.61
2Abm 1.68

p of
1.15 1.173
1.16 1.3688
1.19 1.5113
1.19 1.6541
1.24 1.8352
1.25 2.0125
1.25 2.0125
1.21 2.0328
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Table 5. Watanibey relationship control for (RLBRB) with s-shaped core

Py (kN) Pe (kN)
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Pe /Py
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Fig. 20. (RLBRB) cross-section encasing with s-shaped core and segmentation to cal-
culate its inertia moment
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