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ABSTRACT

The use of modern steel braces is one of the ways to increase the lateral stiffness of the structure. Comparing
and determining the advantages of braces helps structural designers to make a good design. Therefore, in
the present paper, the 2-story steel structure (2D) is designed with finite element method (FEM) and
ABAQUS software. Steel frames are seismically improved with Rhombus, V and Inverted V braces.
Structures are seismically evaluated during modal analysis in the frequency domain. The results show that
the Rhombus brace reduces von mises stress (0.68%), displacement (to a small amount) and Eigen
frequency (11.85%) in the steel frame. Rhombus brace has the best seismic performance compared to V and
Inverted V braces during modal analysis in the frequency domain.
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1. Introduction

Concentrically braces are one of the most widely used braces in the structure. Concentrically braces
are capable of absorbing earthquake force [1]. Today, new types of concentrically braces have been
created in the construction industry [2]. Therefore, it is important and necessary to know the
seismic performance of all types in concentrically braces [3]. Bradley et al. [4] investigated and
designed concentrically frame (with low flexibility). Pouya et al. [4] investigated damage in
concentrically frame under post-seismic excitation. The structures had 3-18 stories and were
subjected to incremental dynamic analysis (IDA). The results showed that the presence of braces
causes a great reduction in the story drift. Mahdavi et al. [3] compared ten types of braces with
SAP2000 software. In this study, nonlinear static analysis and plastic hinges parameters are used.
The results showed that the new concentrically braces (including Chevron brace) performed better
compared to other braces. Siddigi et al. [5] compared bracing systems in high-rise structures. In
this paper, new concentrically braces, including X and Inverted V, were investigated. Abd Razak
et al. [6] investigated the types of structural braces on building performance. In this paper, new
concentrically and eccentrically braces were investigated. Tah et al. [7] investigated bracing
systems in structural towers. In this paper, 40-60 meters long structures with Knee, X and Gate
braces were investigated. Solaimani Nezhad and Mahmoudi investigated the performance of Y-
shaped brace. In this article, the brace is equipped with a yielding damper. The results showed that
the damper increased energy absorption in the brace, equivalent to 30%. Zheng et al. [8]
investigated the seismic performance of X-braced steel frame. The results showed that the
concentrically brace has increased the bearing capacity of the structure by 20%. Lee et al. [9]
investigated the seismic performance of braced frame (with Chevron brace). The results showed
that the internal forces in Chevron braces are 67% less than other braces. Ozcelik et al. [10]
compared chevron and zipper braced steel structures. The results showed that the performance of
zipper and chevron braces in short structures is the same. Qiu et al. [11] investigated the seismic
performance of the frame with knee brace equipped with NiTi BRBs. In this study, 3 and 6-story
structures were investigated. The results showed that the proposed brace has a suitable drift.
Barbagallo et al. [12] investigated concentrically braced frame with two-stage yielding of BRB. In
this paper, braces were designed with Euro8 engineering code. The results showed that the braces
have an acceptable performance.

2. Methodology

In the present paper, 2D steel frames were designed with finite element method (FEM) and
ABAQUS software. The story height is 3.2 meters and the span loading is 6.6 meters. To strengthen
the frames, three types of Rhombic, V and Inverted V braces were used. Figure (1) shows the
frames modeled in the present paper.
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Figure 1. The frames modeled in the present paper with ABAQUS software; (a) Steel Moment Frame (SMF), (b)
Rhombus brace, (c) V brace and (d) Inverted V (IV) brace.

Table 1. Specifications of st37 steel for modeling structural elements in the present paper.

Elastic Zone Plastic Zone
9 . .
Paran}eter Mass Density Young’s Poisson's Yield Plastic Yield Plastic
(Unit) (Kg/cm?) Modulus Ratio Stress | Serain (1) | ST | Strain (2)
& (Kg/cm?) o) @)
Value 7850 200x 10° 0.3 344 0 448 0.25

LRFD method was used to design steel structures and modal method was used in the frequency
domain to analyze the structure. Ten vibration modes have been investigated in steel frames. In the
eigensolver section, the subspace method was used. The support of the frames was fixed in the

connection with the ground (Figure (2)).
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Figure 2. Fixed supports in steel braced frame during software modeling.
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Meshing in software models was done based on engineering tips. In modeling with the finite
element method, the size of the meshes must comply with Table (2).

Table 2. Dimensions of meshing in nonlinear analysis.

Row Model Type Maximum Mesh Size (Lyax)
. . 1 h
1 Two-dimensional (2D i <_ _)
(2D) min 50’3
. . 1 hb
2 Three-dimensional (3D i <_ — _)
(3D) min 50’S’S
Where:
1,h and b Corresponds to the length, height and width of the element respectively.

Figure 3. Meshed models in the present paper by ABAQUS software.

3. Results

3.1. Von Mises Stress

In this section, the von mises stress contour is presented in the 5th and 10th modes. Also, numerical
values of stress in all modes are presented and compared. Figure 4 showed that the IV brace has
less von mises strees compared to the V and Rhombus braces. The increase in the frame’s mass,
due to the placing of braces in the frame, has increased the stress in the braced frames. Therefore,
IV brace has the best performance. With the placement of brace 1V, the maximum stress has been
transferred from the middle column in the structure to the braces. In Figure 5, the tenth vibration
mode is presented in the analysis of structures.
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S, Mises S, Mises

SMEG, (fraction = -1.0) SNEG, (fraction = -1.0)

(Avg: 75%) (4vg: 759%)
4.25041 6.06587
3.89623 6.38543
3.54206 5.80500
318788 E.22456
2,83371 4.64412
2.47954 4.06369
2.12535 3.48325
1.77119 2.90282
1.41702 2.32233
1.06284 1.74195
0.70867 1.16151
0,35449 0.58108
0.00032 0.00064

S, Mises S, Mises

SHNEG, (fraction = -1.0) SNEG, (fraction = -1.0)

(Avg: T5%) (Avg: 759%)
8.09058 6,57881
7.41635 6,03070
6.74214 5.48259
6,06793 4,03448
5.39372 4,38637
4,71951 3.83825
4,04530 3,20015
3.37109 2,74205
2,69688 2.19334
2,02267 164583
1.34846 1.00772
0,57425 0.54961
0,00004 0,00150

Figure 4. Von Mises stress contour in the 5th mode during modal analysis in the frequency domain.
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Figure 5. Von Mises stress contour in the 10th mode during modal analysis in the frequency domain.

Figure 5 showed that the Rhombus brace has the lowest von mises stress among the braces. This
result is different from the 5th mode. Therefore, numerical analysis is performed in all vibration
modes (Figure 6).
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Figure 6. Maximum von mises stress in steel frames during modal analysis in the frequency domain.

Figure 6 showed that the Rhombus brace has the lowest (average) von mises stress among the
structures. Also, IV brace has the highest (average) von mises stress. The von mises stress value
(average) in SMF, Rhombus, V and 1V is equal to 6.906, 6.859, 7.953 and 8.421 MPa, respectively.
The performance of the Rhombus brace is very good and has caused the dissipation energy.

3.2. Displacement
In this section, the displacement contour is presented in the 5th and 10th modes. Also, numerical
values of displacement in all modes are presented and compared.
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Figure 7. Displacement contour in the 5th mode during modal analysis in the frequency domain.
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Figure 8. Displacement contour in the 10th mode during modal analysis in the frequency domain.

Figures 7 and 8 showed that the brace changed the maximum displacement from beams to braces.
The maximum amount of displacement (with braces) has been reduced. Therefore, all braces in the
present paper improved the seismic performance of steel frames. Numerical analysis of maximum
displacement in steel frames is presented in Figure 9.
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Figure 9. Maximum displacement in steel frames during modal analysis in the frequency domain.
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Figure 9 showed that the braces reduced the displacement in the SMF structure. The least
displacement occurred in the Rhombus brace. The average displacement in SMF, Rhombus, V and
IV structures is equal to 1.000338, 1.0001578, 1.0001784 and 1.0002138 meters, respectively.

3.3. Eigen frequency

In this section, eigen frequency is presented and compared according to the type of bracing systems.
Figure 10 showed that braces reduced the eigen frequency of steel frames. The lowest eigen
frequency was created in the Rhombus brace. Eigen frequency in SMF, Rhombus, V and IV
structures were equal to 0.0000135, 0.0000119, 0.0000129 and 0.0000121 MHz, respectively.
Therefore, the braces reduced the structure's vibration and eigen frequency.
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Figure 10. Eigen frequency in steel frames during modal analysis in the frequency domain.

4. Conclusions

The results of this paper are as follows:

1- The results showed that the steel frame with the Rhombus brace had the lowest von mises stress
and caused a 0.68% stress reduction compared to the SMF structure. V and IV braces caused
15.16% and 21.94% increase of von mises stress in SMF structure, respectively. The proper
geometric structure in the Rhombus brace reduced the stress. In case of performing static or
dynamic analyses, the results will be different (with the results of the present paper).

2- The results showed that the Rhombus brace had the least displacement. V and IV braces reduced
the displacement in the SMF structure. The numerical differences were very small.

3- The results showed that the Rhombus brace had the lowest eigenfrequency. The IV and V braces
caused a decrease in the eigenfrequency in the SMF structure. Rhombus, V, and IV braces
contributed 11.85%, 4.44%, and 10.37%, respectively.
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