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1. Introduction

Concentric steel X-braced frames are commonly used in steel structures to resist the lateral forces due to wind or
earthquake loads. Common assumption for the brace connection is pinned, but in practice the connection of the
braces could have partial rigidity, with regard to the details of the connection. In modeling of the X-braced frames, it
is assumed that the diagonals at mid-span are crossing without interrupting each other; while, in practice one of the
diagonals is discontinuous. On the other hand, the buckling load of the braces is affected by the effective length
factor that is affected by the conditions of the end and mid connections [1, 2]. Therefore, changing the conditions of
the brace connections affects the buckling load of the brace and consequently the behavior of the frame. In this
paper, the behavior of two dimensional X-braced steel frames with different number of stories (3, 5 and 10) and
bays (3 and 5) was investigated which were different in connection conditions of braces. The end and mid-
connections of the braces were modeled in either pinned or rigid extreme states with proportional effective length
factors.

2. Methodology
2.1. Modeling and assumptions

In this study, particular class of braced simple steel structures, those composed of three, five, and ten stories
were modeled as 2-D frames. The lateral resistance of the frames is provided only by bracing system. The height of
stories and the length of bays were 3.5 m and 5 m, respectively. The frames were designed due to gravity and lateral
loads according to the specifications of American Institute of Steel Construction (AISC), Allowable Stress Design
(ASD), so that there was not any over-strength in the elements of the models [3]. In this designing procedure, two
types of prismatic frame sections were used: beams and columns with I-shaped cross-sections and braces with box
cross-sections. End and mid-connections of braces were modelled in two pinned and rigid extreme states with
different relevant effective length factors (k), as shown in Fig. 1. In the reference model, which the other models
were compared with it, end connections of braces were pinned and diagonals at mid-span were crossing without
interrupting each other. This is commonly used in practice and it is shown in Fig. 1-a. SAP2000 finite element
program was used to predict the frames responses [4]. Plastic hinges were assigned to the members to allow for
nonlinear behavior of the frames according to the specifications of FEMAZ273 [5]. For this purpose, P plastic hinges
were assigned to the braces with pinned connections and P-M plastic hinges were assigned to the columns and
braces with rigid connections.
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2.2. Details of analyses

At first, linear static analyses of the frames were performed by the software. Then nonlinear static and nonlinear
time-history analyses were done on the frames subjected to different strong ground motions to reveal the effects of
the brace connections and effective length factor of the brace members on the seismic behavior of the steel frames.
Triangular lateral loading pattern was applied to the frames for nonlinear static analyses.

P

(a) effective length factors: 0.5 and 0.7 (b) effective length factors: 1 (c1) effective length factors: 0.8
(c2) effective length factors: 1 (d1) effective length factors: 0.65 (d2) effective length factors: 1

Fig. 1. Details of the end and mid connections of the braces with relevant effective length factor

3. Results and conclusions

Linear static analyses showed that changing the end and mid-connections of the X-braced frames does not have
considerable effects on the fundamental period and internal forces of the members of the frames. Also, the results of
the nonlinear static analyses of the frames showed that changing the brace connections does not affect the yield
point and shear capacity of the frames; but the effective length factor of the braces greatly affects the behavior of the
frames. The frames with lower effective length factors of the braces have high yield point and shear capacity than
the other frames with greater effective length factors. Similar results were obtained from nonlinear time-history
analyses. According to these results, when the elements remain linear, differences in the response of models with
different conditions for brace connections are negligible; whereas under the some earthquakes that several plastic
hinges were generated in the members, the differences in maximum base shear and roof displacement of the models
are considerable.
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