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Section Ix ly Critical buckling
cm®) | m (kN) load
2UNP8 | 212 | 316 (4.39 x 10")/L?
2UNP10 | 412 | 480 (8.53 x 10")/L?
2UNP12 | 728 | 775 | (15.07x10")/L?
2UNP14 | 1210 | 1085 | (22.47 x 107)/L?
2UNP16 | 1850 | 1575 | (32.61x 107)/L?
2UNP18 | 2700 | 2298 | (47.58 x 107)/L?
2UNP20 | 3820 | 3009 | (62.3x107)/L?

Table.1. Buckling load for common double brace sections
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Table.2. Allowable force of the angle sections
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Sample | Brace Properties
section
1 2UNP14 normal
2 2UNP14 1/3 web split
4 2UNP14 total web split
5 oUNP14 | total section split+ angle 20
6 2UNP14 total web split+ angle 10
7 2UNP14 total web split+ angle 20

Table.3. Samples specifications

Fig.4. Sample 5
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Sample Elastic stiffness | Ultimate displacement | Critical buckling load | Maximum base shear

[kN/cm] [cm] [kN] [kN]
1 1052.5 1.28 650 800
2 816.6 1.5 639 780
3 750.3 1.53 590 690
4 499.2 2.52 440 520
5 132.4 3.23 107 280
6 528.5 1.63 470 530
7 632.4 2.95 560 580

Table.4. Results of the nonlinear static analyses
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Abstract:

Seismic Behavior of Concentric brace frames has been one of popular topics in earthquake engineering.
Relatively low cost and the ease and speed of implementation has led to the widespread use of these braced
frames but past earthquakes experiences show inappropriate behavior, inability to dissipate high energy and
the lack of ductility. This paper presents a new mechanism by combining the steel angle and slot in brace
member to improve the seismic performance and postponing the buckle. Stresses and displacement of
structures using nonlinear static and dynamic analysis by finite element software "ABAQUS" are evaluated.
At first In order to verify the results and ensure the implementation details and parameters used in the
numerical model, results of laboratory test under cyclic loading were compared. Evaluation hysteresis loop
obtained from numerical analysis and experimental results show suitable match. then, for nonlinear static
analysis, seven diagonal brace model were created and tested. In the first specimen, the normal braces with
no particular change, modeled and evaluated. in the second to fourth models, slot were created near the
gusset plate with various dimension to reduce the axial load capacity of brace to less than it's buckling load.
In the fifth model to evaluate the performance of steel angles in cyclic loading, brace section was perfectly
cut and double angle used to connect two parts of brace for transfering axial load. Finally, in the sixth and
seventh models, in the hope that achieving suitable seismic behavior, combination of steel angle and reduced
brace section were used.

Results indicate improved seismic performance and ductility of CBF systems. Concentration of inelastic
response in steel angle results in high energy dissipation and prevents from nonlinear behavior in other
elements. In addition, comparing the hysteresis loop of proposed model with that of normal braces shows
symmetric and stable rational behavior where strength and stiffness degredations are not seen in the
displacement up to about 2 cm while the normal brace buckles in about 1 cm.

Afterward, in order to investigate the behavior of the system under seismic loading, dynamic time history
analyses using the horizontal component accelerograms of the Imperial Valley, Loma Perieta and Kobe
earthquakes were performed. According to the results of the nonlinear static analysis, proposed sample was
chosen as a specimen with acceptable behavior and suitable ductility. Therefore, regarding the long time
duration on dynamic analysis, its seismic behavior was compared with the normal brace. Comparison of
results obtained from three seismic records, demonstrates less input energy and base shear and appropriate
seismic behavior of proposed model due to sensible stiffhess reduction of proposed brace.

It should be noted that due to the appropriate results obtained from numerical analysis, specimen fabrication
and experimental work to verify the results in the next stage of research should be on the agenda.

Keywords: Slit brace, steel angles, nonlinear static and dynamic analysis, energy dissipation, ductility.
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