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Abstract. The concentrically braced system is one of the most common lateral load bearing systems
among steel structures. These systems have remarkable lateral stiffness and strength, but their
compressive buckling prevents them from being ductile and absorbing optimal energy. In this study to solve
this problem, by using numerical and experimental studies, a heuristic method is presented. In this method,
a local fuse is used along the rectangular hollow section brace. This fuse is mounted by internal and
external auxiliary elements to prevent its local buckling under compressive load. This makes the brace
behave in a similar manner in both tensile and compressive cyclic loads, resulting in ductile behavior and
high-energy absorption. Also in this study, by using numerical results, an investigation is done for the proper
position of the fuse along the braces and its optimal shape.

AHHOTaumA. KOHLEHTPMYECKM CTEpXHEBasi cucTtema sBNsieTca OdHOM M3 Haubonee
pacnpOCTPaHEHHbIX Cpean CTalnbHbIX CUCTEM C MOMNEPEYHBIMU HECYLLUMUN KOHCTPYKLUUAMWU. DTN CUCTEMBI
MUMEIT 3HAYUTENbHYIO XECTKOCTb U YCTOMYMBOCTb MPOTMB MOMEPEYHON CUIbl, HO BbiMy4yMBaHME MpPU
CcKaTuM OrpaHuYMBaEeT MX MOAATIMBOCTb M MOIMOLWEHNe HeobxoaMmon SHepruun. [Ond pelweHnsa aton
3ajadun B UCCNedoBaHWM  UCMONb3yeTCca 3BpuUcTUYeckui mMetod. B gaHHOM MeTogoe MecCTHbIn
npegoxpaHuTenb UCNONb3yeTCs BOOMb NPSMOYrONbHOro NOMoro ydacTka packoca. OTOT NpeaoxpaHuTenb
MOHTUPYETCA BHYTPEHHUMM N BHELUHMMW BCMOMOTraTeNbHbIMU 3fIEMEeHTaMn, 4YTOOblI NpeaoTBpaTuTb ero
MECTHbIN N3rnb Npu cxXmmaroLLen Harpyske. OTo NPUBOANT K TOMY, YTO packoc BedeT cebs 0AMHaKoBO Kak
Npu pacTsKeHUU, Tak U Npu cxaTum. PesynbTatoM SABMSieTCa NogatiiMBOCTb M BbICOKOE MOrMoLLeHne
3Heprun. Takke, MCMNOMb3ys YMCNEHHblE pe3ynbTaTbl, MNPOBOAUTCA WCCMEeAOBaHWE MpPaBUITbHOMO
NONOXeHWst NpeaoxpaHnTenst B4oSb PacKkoCOB 1 ero onTMMarnbHON popMbl.

1. Introduction

The concentric braced systems (Figure 1) are one of the most applicable lateral load bearing systems
in steel structures. These load bearing systems due to having high stiffness and lateral load bearing with
respect to other structural systems have been under focus of attention. The main weakness of these
structural systems is global buckling of the bracing under compressive loading. Therefore when these
structures undergo a cyclic loading like an earthquake, they exhibit an undesirable ductility with low energy
dissipation capacity. In addition, in concentrically braced frames, due to the considerable differences
between their tensile and compressive strengths, significant demands are made to beams crossed by
braces, columns and beam to column connections, leading to a significant increase in the project's
construction costs [1-6]. Hence, researchers from around the world have performed extensive studies to
solve this problem in concentric bracings. In continuation, some of these studies are cited.

An off-center bracing system (Figure 2) was introduced [7, 8] for improving of concentrically braced
frames (CBF) behavior. It basically consists of the non-straight tension strut with an eccentricity designated
as e. The midpoint is connected to the corner by the third member. Once the load is applied, all these three
members are stretched, therefore, act in tension. In the recent decade, extensive research has been
conducted on this structural system [9-12]. In one of them [12], some numerical studies have been
performed on a frame with off-center bracing system with optimum eccentricity and circular element
created. The obtained results revealed that using a ductile element or circular dissipater for increasing the
ductility of off-center bracing system and concentric bracing system is useful.
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Figure 1. Different types of concentric braces Figure 2. Off-center bracing system

As shown in Figure 3a, one of the solutions for enhancing ductility and energy dissipation in
concentric braced structures is use of energy dissipation elements located at the intersection of bracings.
In this respect application of the rings made of steel tubes as energy dissipater element at intersection with
the bracing has been investigated both analytically and experimentally by Abbasnia et al. [13]. The results
of these studies have shown that these bracings possess wide and stable hysteresis curves. One of the
disadvantages of this system is the certain dimensions of the steel tubes incorporated in the steel rings
which cause dimensional restrictions. According to Figure 3b, for this purpose Andalib et al. [14], introduced
steel rings made of plates as a replacement for the initial rings and in this respect they have performed an
experimental and numerical study to investigate performance of the mentioned rings. The results of Andalib
et al. [14] studies exhibit wide and stable hysteresis curves for the rings made of the steel plates.
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(b) Andlib et al. model

Figure 3. Brace equipped with circular energy dissipater

Another method for improving the behavior of the concentric braces is using of fuse in the length of
brace [15-18]. A cast modular ductile bracing system (CMDB) as an alternative for the special CBF
structures was introduced [15, 16]. As shown in Figure 4, in these structural systems use has been made
of cast component at the middle and ends of the braces. A cruciform cross-section has been utilized for
CMDB because this section increases energy dissipation capacity and low cycle fatigue life and in turn they
cause reduced brace failure probability. A system similar to the above system is proposed to replace the
conventional concentric braces by Seker et al. [17]. The system uses a three-part steel brace (Figure 5).
The idea of this system is to develop an elastic buckling extension of a multi-part column, which includes
post-buckling deformations. The results of studies conducted by Seker et al. [17] indicate the consistent
and symmetric hysteresis responses of this new concentric brace under cyclic loading. Also, the results of
these studies have proven far more energy dissipation capacity than conventional concentric bracing
system.
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Figure 5. Seker et al. model

Use of two-level or multi-level control systems is another method for improving the seismic behavior
of structures which has recently been under focus of attention of researchers. The main idea in these
structural systems [19-22], is combination of different control systems with various stiffness and strength
values which results into desirable energy absorption in the structure for various earthquake intensities. As
shown Figure 6, a system created for implementing the idea of two-level control systems, is the passive
tube-in-tube control system. Cheraghi and Zahrai [21] have performed extensive numerical and
experimental studies on this structural system. The results of these studies have indicated the extraordinary
ductile behavior of this passive structural control system so that the corresponding hysteresis curves of this
system have proved its capability in desirable energy absorption under different seismic loading intensities.

According to Figure 7, one of the other invented structural systems for improving seismic
performance of the structures with concentric bracings is application of the buckling restrained brace (BRB)
[23-27]. In this structural system attempt is made that using bracings which include a casing and core,
buckling don’'t occur in brace [23, 24, 27]. The structures with BRBs present symmetric and stable
hysteresis curves which also have significant capacity in terms of ductility and energy dissipation.
Furthermore, in the BRB structural system, the non-elastic deformations are entirely and uniformly
distributed over the length of BRB and thus damage to other structural elements is prevented.

BRB
Pipe in pipe damper O Sheath

Steel core

Restraining tube

O Yielding steel bar

Figure 6. Cheraghi and Zahrai model Figure 7. BRB’s component

As shown in Figure 8, another method that has been developed as a substitute for conventional
concentric braces is all-steel tube-in-tube buckling controlled brace that is called (TinT-BCB) [28—30]. The
results of studies conducted by Seker and Shen [28] show that the hysteresis response of this brace was
consistent and symmetrical under cyclic loading. The factors affecting the response of these braces include
the friction between the two pods, the distance between the internal and external tubes, and the thickness
ratio of the inner and outer tubes. Generally in this brace, optimal performance results from a system with
smallest gap possible, low friction, and heavier outer tube.

Incohesive material
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Figure 8. All steel tube in tube BCB

In this research, as shown in Figure 9, a new method is proposed to improve the post buckling
behavior of concentric bracings using numerical and laboratory studies. In this method, as Figure 9a, a
local fuse (LF) is used along the welded box section brace. This fuse is designed in such a way that the
brace buckling occurs locally and in this region. In order to prevent fuse local buckling, internal and external
auxiliary elements (AE) are used in this region (Figures 9b and 11b). This causes a symmetrical and stable
behavior of the brace under cyclic loading, which results in optimal ductility and a considerable amount of
energy dissipation capacity. A complete introduction of the mentioned brace called local fuse auxiliary
element concentric brace (LF-AECB) brace is provided in the following. Also a study for determination of
the proper position of the fuse along the brace and its optimal shape was done by using numerical studies,
in order to obtain the maximum energy dissipation capacity in a LF-AECB brace under cyclic loading. In
addition, some different study about LF-AECB is done in [31-33].

internal AE

external AE

local fuse

(a) Local fuse in the LF-AECB brace (b) LF-AECB model
Figure 9. The details of the local fuse auxiliary element concentric braces

2. Methods
2.1. LF-AECB bracing components

2.1.1. Formulation for calculating fuse area and length

The general pattern of the fuse is shown in Figure 10. As shown in this figure, the local fuse is
generated by reducing the cross-section of the brace. In the LF-AECB bracing system, the ultimate load
bearing capacity of the brace Pr j4.¢ is €qual to the fuse's ultimate load bearing capacity, since the brace
cross-section is minimum in this region. According to this fact, the cross-section area of the fuse Ag;;, can
be calculated from Eq. (1):

PF brace

Afuse <
Fu Jorace

1)
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Figure 10. Local fuse in the LF-AECB braces

In the above equation Fy ¢, is the ultimate stress of the fuse material. After calculating the cross-

section area of the fuse, the cross-sectional area of the brace, Ap,qce Should be calculated. The basis of
the brace cross-sectional design is based on the philosophy that the brace must not totally yield before the
fuse reaches the ultimate capacity. The reason is that the overall yielding of the brace causes the material
elastic modulus to be substantially reduced, resulting in a general buckling in the brace, which is completely
in contradiction with the philosophy of the LF-AECB bracing system. Considering this fact, the calculation

of the brace cross-sectional area, Ap;,-qce Can be obtained from the following equation:

F

u,fuse < 0.8A

Atuse brace Ty @)

In the above equation, Fy is yield stress of the brace material. The presence of 0.8 reduction ratio in
Eq. (2) is to ensure that the fuse reaches its ultimate load bearing capacity before the total yield of the
brace. Also, the fuse length, quse, should be designed in such a way that the brace buckling occurs locally

in this region. Based on this logic, Eq. (3) is formulated to calculate the length of the fuse, quse:

2 .
7"E I min fuse

3)
Atuse -Fu fuse

In the Eq. (3), E and Iminfuse are respectively elastic modulus of fuse material and minimum gyration
radius of the weakest part of the fuse.

Also, in order to prevent the stress concentration, a circular transition region is considered in fuse as
shown in Figure 10. More information about the above equations is available in [31-33].

2.1.2. Auxiliary elements in the LF-AECB bracing

The second component in LF-AECB bracings is the auxiliary element. The auxiliary elements
generally include the external and internal areas of the fuse with 1 mm distance from the fuse walls so that
they could not affect the fuse load bearing capacity. The philosophy behind existence of the auxiliary
element in LF-AECB bracing is to prevent local buckling of the bracing in the fuse area. As is evident from
Figure 11, for bracings with box section, auxiliary element is made up of an inner rectangular tube and four
outer channels.
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Figure 11. Brace equipped with LF-AECB fuse

The length of these internal and external elements should be at least 15 cm more than the fuse
length plus the transition zones. The thickness of these elements must also be selected in such a way that
to be able to neutralize the lateral displacement of the fuse. In addition, in order to fix the position of the
four external channels, one end of them must be welded to the brace and in the fuse region, as shown in
Figure 11b, must be welded to the inner tube throughout both sides of the channels using the diffusion
welding. In this way, the position of the inner tube is also fixed.

3. Results and Discussion
3.1.Experimental investigation of LF-AECB braces behavior under cyclic loading

3.1.1 Test setup, material properties and loading pattern

In this study, an experimental study was conducted to investigate the behavior of LF-AECB bracing
system. In Figure 12, the experimental model and the test setup are shown. According to this figure both
ends of the model are welded to the end plates as fixed. The end plates are also connected to a rigid frame
on one side using high resistance bolts of 10.9 and a 1000-kN load cell on the other side. In addition, a
2000-kN jack was used to apply load to the model. Also, according to Figure 12, two strain gauges were
inserted in the middle distance between the end load plate and the center brace and six LVDTs were also
used in different parts of the element. LVDTs 1 and 2 are inserted on the end load plate and LVDTs 3 to 6
are inserted in the middle of the brace.

Figure 12. Experiment setup

The brace cross-section and the details of the fuse used, is presented in Figure 13. The fuse has
been located in the middle of the brace. Also, as shown in Figure 13b, it has been created by trimming the
corners of the brace section. The area of the fuse and its length are considered equal to 792 mm? and
200 mm, respectively, based on Egs. (2) and (3). The thickness of box section of the brace is 3 mm.
According to Figure 11b, in this model, a 100 x 100 x 6 box is the inner auxiliary element, four standard 60
channels are the external auxiliary elements and the length of all these elements was selected to be
600 mm.
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Figure 13. Dimensions of brace section and fuse in experimental models (mm)
The steel that has been used in the experimental model is ST37 and has a specific mechanical
characteristic which is presented in Table 1. The mechanical properties of steel materials are obtained

using the tensile coupon test shown in Figure 14. In this study, in order to obtain hysteresis responses of
the experimental and numerical models, ATC-24 loading pattern [34] is used as shown in Figure 15.

Table 1 Material properties

. Yield stress |, .| Ultimate stress | Ultimate |Young’s modulus . , .
Material (MPa) Yield strain (MPa) strain g(MPa) Poisson’s ratio
Steel(ST37) 294 0.0025 385 0.1571 117600 0.3
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Figure 14. standard tension test of steel
material

3.1.2. Interpretation of experimental results

Figure 15. ATC24 load pattern

In Figure 16, the hysteresis curve obtained from the experimental model is presented. As shown in
this figure, the LF-AECB brace has been able to provide a consistent and symmetric behavior under cyclic
loading. The tubby and spindle shape curve obtained for this model indicates that the mechanism defined
in the LF-AECB bracing system has been able to function correctly and prevent brace buckling. As shown
in Figure 16, the studied model does not show any loss of tensile and compressive strength under cyclic
loading and with increasing the amount of displacement applied to the brace, the corresponding load
bearing capacity has also increased. In this model, as shown in Figure 17a, the internal and external
auxiliary elements have succeeded in preventing the fuse from local buckling, so that the brace can
continue to operate without loss of strength in compressive load. Finally, in accordance with Figure 17b, in
the tensile loading cycle, the brace stopped functioning and a rupture occurred in the end zone of the fuse.

In Figure 18, the experimental model's envelope curve is presented. According to this curve, the
studied model in the tensile region has undergone an initial yielding in the fuse region at the displacement
of 0.3 mm and the corresponding load of 32.6 kN. In this moment, only, a small part of the fuse has been
entered in the plastic region. Also, the maximum load bearing capacity of the model is 251.2 kN, which
occurred at the corresponding displacement of 10.2 mm, and after this displacement the model was
raptured in the fuse end zone. In the compressive zone, as well as the tensile zone, the brace offers a good
performance. In this zone, the model has undergone an initial yielding at the displacement of 0.33 mm and
corresponding load compression of 99.6 kN. Then the brace abled to reach a maximum compressive
strength of 250.1 kN, which corresponds to a displacement of 9.54 mm. Also ductility ratio for ascending
push curve like Figure 18, can be computed from division of ultimate displacement of the model to its
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yielding displacement [32, 33, 35]. With respect to the above mentioned issues and according to Eq. 4, the
tensile ductility ratio, p', and the compressive ductility ratio, ¢, for the experimental model are 34 and 29,
respectively. This amount of ductility ratio, especially in the compression zone, is far greater than that of
conventional concentric bracings [32, 33], which indicates the more ductile behavior of the LF-AECB
bracing systems in comparison to conventional concentric braces.
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In the Eq. 4 1, dy and dy, are the ductility, the yield displacement, and the ultimate displacement of
the element, respectively.
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Figure 18. Envelope curve of experimental model

The amount of dissipated energy by the experimental model, which is equal to area under hysteresis
curve, was 19728 kNmm. In Figure 19, the relative energy curve, ER (relative energy), of the model is
shown. Each point in this curve represents the amount of energy dissipated by the brace in each loading
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cycle to the mean of the maximum compressive and tensile displacement corresponding to that cycle. The
amount of dissipated energy in each cycle is computed with decreasing the cumulative energy of two
sequential cycles. Generally, when the amount of a brace corresponding energy dissipation increases, as
the imposed displacement to it increased, then it can be concluded the brace has the optimum energy
dissipation capacity. This fact is clearly shown in Figure 19. With respect to this curve, it can be concluded
that the LF-AECB braces are able to increase their relative energy dissipation capacity up to their ultimate
performance, due to the fact that buckling is not going to occur in them. However, in the case of
conventional concentric bracing systems, after the overall buckling, the amount of ER decreases
significantly [32, 33].

LI e e
L e e T e e e 1
L . S - A -\, '

L e e i e e 1

ER (kN)

I —— [ — [ — [ —— [ — [ 4 [ — :
L S S A S S oSS !

200 Lo [ — [ — [ —— [ — [ SE— [ — !

1 i : 4
0 —— ———" — *

Cyc?e (Numblér)
Figure 19. ER curve of experimental model

3.2.The effect of local fuse position on the LF-AECB braces behavior

In this section, by using the results of numerical studies, the effect of local fuse position has been
investigated on the behavior of LF-AECB bracing systems. First of all, we need to verify the results of
numerical studies using the results of experimental studies. For this purpose, according to Figure 11, the
Fuse-expr numerical model corresponding to its experimental model in Abaqus 6.12 [36] software was
generated. For creating the parts of numerical model in Abaqus software, three dimensional Solid-
Deformable elements have been used. In this model, the type of partitioning is Hex and the technique of it
is Structured. Also the dimension of elements is equal to 1 cm. Type of elements in numerical model is
C3D8I. In other words, the elements are eight point brick with incompatible modes. Also based on Table 1,
for modeling the mechanical properties of steel material in Abaqus software, a bilinear stress-strain curve
has been used. Then the numerical model was placed under uniform loading. In Figure 20, the push curve
of the experimental model and the numerical model capacity curve are compared. As shown in this figure,
the numerical model is able to provide a good estimate of the capacity of the experimental model. Also, as
seen in the Fig 20, the numerical model has a symmetric capacity curve like experimental model. However,
the little differences between two models are possibly related to the differences between real stress-strain
curve of steel material of experimental model and bilinear stress-strain curve that has been used in
numerical model.

Numerical model —Experimental model

Force (kN)

ol
JA

e

Disp (mm)
Figure 20. Comparison between envelope curves of experimental model and its corresponding
numerical model

In order to determine the effect of local fuse position on the LF-AECB brace behavior, three numerical
models were built in Abaqus and then placed under cyclic loading according to Figure 15. These three
models are named as Fuse-expr, Fuse-end and Fuse-bme. As shown in Figure 21, in the Fuse-expr model,
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which is a model corresponding to the experimental model; the fuse is placed in the middle of the brace
length and in the Fuse-end and Fuse-bme models fuses are placed at intervals of 200 and 400 mm from
the end of the brace, respectively.

(a) Fuse-expr model (b) Fuse-bme model (c) Fuse-end model
Figure 21 Numerical models for examining of fuse location influence

In Figure 22, the hysteresis curves of numerical models are compared with each other. As shown in
this figure, all three models provide the same behavior under cyclic loading. Also, the maximum tensile
load bearing capacity of the models is equal to 260 kN. However, the maximum compressive load bearing
capacity of the models varies slightly with each other. In the Fuse-expr model, this was 244 kN, and in the
Fuse-bme and Fuse-end models, it was 248 and 246 kN, respectively. In other words, it can be said that
the ratio of the lowest to highest values of the maximum load bearing capacity of the models is about
98.5 %, which indicates that these values are extremely close to each other. The amount of dissipated
energy the three Fuse-expr, Fuse-bme and Fuse-end models was 19728, 19590, and 19973 kNmm,
respectively. The ratio of the maximum amount of energy dissipation between the three models which is
related to Fuse-end model, to the minimum value which is related to the Fuse-bme model, is 1.02. This
ratio indicates that the fuse position along the brace will not have much effect on the LF-AECB brace energy
dissipation capacity.

——Fuse-expr - - -Fuse-bme

Force (kN)

Disp (mm)

Figure 22 Comparison between hysteresis curve of numerical models

In general, and according to the content of this section, it can be concluded that the local fuse position
along the brace does not have much effect on the LF-AECB bracing system cyclic response and therefore,
depending on the designer opinion and the project execution condition, this element can be installed in any
position along the brace.

3.3.The effect of the local fuse shape on the LF-AECB bracing cyclic response

This section examines the effect of the fuse shape on the LF-AECB bracing hysteresis response.
For this purpose, according to Figure 23, four models have been made in Abaqus 6.12 software. The Fuse-
expr model is a model corresponding to the experimental model. In this model, the fuse is created by
equally reducing the cross-sectional area on four sides of brace section. Also in this model, the fuse is
created by trimming the corner region of the brace sides. In the Fuse-expr-2face model, the fuse is only
created on two sides of the brace and by trimming the corner zone of them. In the Fuse-cutside and Fuse-
cutside2face models, the fuses are also created by cutting the flat zone of the brace sides, with the
difference that in the first model the fuse is distributed equally on four faces of the brace, but in the second
model, the fuse is only created on two faces of the brace.
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(a) Fuse-expr model (b) Fuse-expr-2face model
(c) Fuse-cutside model (d) Fuse-cutside-2face model

Figure 23 Numerical models for examining of fuse shape influence

In Figure 24, the hysteresis responses of numerical models are compared. As shown in this figure,
the Fuse-cutside and Fuse-expr models, with fuses evenly distributed over their faces, have the most stable
and tubby hysteresis curves. The Fuse-cutside model also offers better performance within the two models.
The general behavior of numerical models is the same under cyclic loading, but minor differences in load
bearing and energy absorption capacities have caused a distinction between them. Fuse-expr model has
the greatest maximum tensile load bearing capacity which is equal to 260 kN. The maximum load bearing
capacity in the Fuse-cutside model is 258 kN and in two other models it was 252 kN. The greatest maximum
load bearing capacity value among the numerical models is only about 3% higher than the smallest of these
parameters. With regard to the maximum compressive load bearing capacity, the Fuse-cutside model has
the highest value which is equal to 262.5 kN. This parameter in the Fuse-expr, Fuse-expr-2face and Fuse-
cutside-2face models has been 243, 232, and 238 kN, respectively. The maximum load bearing capacity
of the Fuse-cutside model was 8 %, 13 %, and 10 % higher than the Fuse-expr, Fuse-expr-2face and Fuse-
cutside-2face, respectively. Also, the amount of energy dissipated by the Fuse-cutside model is higher
compared to other models and it was equal to 21411 kNmm, while this amount for Fuse-expr, Fuse-expr-
2face and Fuse-cutside-2face models are equal to 19728, 17474 and 18492 KNmm, respectively. In other
words, the Fuse-cutside model has been able to dissipate about 8.5 %, 22.5 % and 16 % more energy than
Fuse-expr, Fuse-expr-2face and Fuse-cutside-2face, respectively, under the cyclic loading. Also in the
Table 2, the comparison between top models has been presented.

——Fuse-expr - Fuse-expr-2face Fuse-cutseide --- Fuse-cuteside-2face

= ?e:;‘?
&

/3

Force (kN)

Disp (mm)
Figure 24 Comparison between hysteresis curve of numerical models
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Table 2 Comparison between numerical models with different fuse shape

Models Max tension capacity (kN) |[Max compression capacity (kN)|Dissipated energy (kKNmm)
Fuse-expr 260 243 19728
Fuse-expr2face 252 232 17747
Fuse-cutside 258 262.5 21411
Fuse-cutside2face 252 238 18492

According to the content presented in this section, it can be concluded that the LF-AECB brace
provides its best performance against cyclic loading, when the localized fuse, like Figure 23c, is equally
distributed between the bracing faces and has been created by trimming of its flat zone of that faces.

4. Conclusion

In this paper, by using numerical and experimental studies, the new brace system with local fuse
has been introduced as an alternative to conventional concentric bracings. The philosophy behind the
creation of the LF-AECB braces is to improve the behavior of this element in the compressive zone by
preventing the concentric brace from buckling. For this reason, by creating a local fuse in the brace, the
overall buckling was prevented in it and the bracing buckling limited locally to this zone. Then, through the
use of internal and external auxiliary elements in the fuse region, local buckling was prevented, which
resulted in a stable and symmetric cyclic response, and thus, a tubby and spindle shape hysteresis curves
was created for this element under cyclic loading. Therefore, the following results are presented in this
study:

1. The LF-AECB braces provide a stable and symmetric response to cyclic loading. The reason for
this is the use of a restricted lateral fuse mounted on the LF-AECB brace, which prevents brace from
buckling and causes the brace to have a well performance in a compressive zone as the tensile zone.

2. The LF-AECB braces, due to the absence of brace buckling, have a very high ductility in the
compressive zone, as the tensile zone, while conventional concentric braces have an undesirable ductility
due to the brace buckling in the compressive zone, and in many cases the bracing behavior is considered
only in the tensile region.

3. The ER curve for the LF-AECB braces is an ascending curve. This means that the amount of
energy dissipated in each cycle of displacement loading, increases significantly with displacement
increment in the brace, while in conventional concentric braces, the amount of ER after brace buckling is
significantly reduced and as a result, full brace capacity will not be used for energy dissipation.

4. According to the numerical studies carried out in this paper, it was concluded that the position of
the local fuse along the brace with welded box section does not have much effect on its behavior under
cyclic loading, and depending on the project conditions, designer can place the local fuse in any region of
the LF-AECB brace.

5. The shape of the local fuse applied to the brace is an effective factor in the LF-AECB brace cyclic
response. According to the results of this article, it can be said that the optimal fuse shape for getting the
best performance of the LF-AECB brace will be achieved when the fuse is evenly distributed between the
brace sides and it is obtained by trimming the internal regions of these faces, like the Fuse-cutside model.
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