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1. Introduction

In this research, the hysteretic behavior of 14 inverted-V braces and their gusset plate connections subjected to
inelastic cyclic loading is examined through analytical simulations. It was modeled in ABAQUS software and the
analysis type was static nonlinear analysis. Gusset plates with a constant thickness but with different sizes and
shapes were used. To verify the correctness of the analysis, hysteretic behavior of gusset plates obtained from
analysis was compared with experimental results. This comparison showed the exactness of the modeling. Then 14
samples of more important gusset plates in terms of ductility and strength were compared. The final result is that
although stiffener in the gusset plates increase the strength of connections, they reduce ductility; so, numerous and
indiscriminate addition of stiffeners in gusset plates are not recommended.

2. Methodology

For modeling the cyclic behavior of inverted-V braces and their central gusset plate connections, nonlinear finite
element ABAQUS software was used. The model was validated by the experimental work of Zhanga et al. [1]. Fig.
1 shows the modeling in ABAQUS software. Fig. 2 shows the validation of the model. It is worth nothing that
Astaneh-Asl reported the results of cyclic load tests of three gusset plate specimens representing the V-braced
connections too. However, buckling or yielding could not be considered in his tests [2].

Fig. 1. Modeling in ABAQUS software
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Fig. 2. Validation of the model in ABAQUS software

3. Results and discussion
In Table 1, p,and p,indicate the ductility in the positive and negative range of the hysteresis cycles

respectively. The term ‘r’ in Table 1, represents the maximum strength of the model.

Table 1. Specifications of studied models

Ductility Model Model Model Model Model Model Model Model Model Model Model Model Model  Model

and
strenght 1 2 3 4 5 6 7 8 9 10 11 12 13 14

ul 6.40 6.70 6.50 6.86 7.86 8.77 7.00 6.38 7.48 6.60 6.58 6.78 6.72 6.15
2 731 7.66 6.70 7.75 8.21 8.74 7.97 7.79 9.15 7.29 7.58 7.47 7.53 7.36
r(KN) 11379 118.0 118.0 100.73 98.76  108.01 98.15 11695 103.90 103.39  100.18 11695 10232 94.82

4. Conclusions

This study focused on the hysteresis behavior of 14 inverted-V braces and their central gusset plate connections.
The conclusions include the following.

(1) The models with obtuse angles that consisted just one stiffener in the middle of gusset plate, compared to
the models with right angle and one middle stiffener were more ductile about 16 percent. Therefore the
models with obtuse angle have better ductility than the others.

(2) In the models with obtuse angles, the sample with the end of bracing member terminated a distance of 2t
away from the re-entrant corner of the gusset plate (2t), had the most strength; while the sample with 2.5t
was more ductile about 8 percent than the sample with 2t which is not considerable, so the sample with 2t is
the best option recommended to designers.

(3) To obtain a suitable model in ABAQUS software, the buckling of braces should be considered. Also in the
definition of supports, the lower side of brace should have hinge supports and the upper part of the plate
should be released in the longitudinal direction.
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