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SEISMIC PERFORMANCE ASSESSMENT FOR STEEL FRAMES 

CONSIDERING FRACTURE OF BEAMS AND BRACES 
 

*1 *2 *3 *4 
Ryota MATSUI, Shunji URUI, Masaki TOKUNO and Toru TAKEUCHI 

 

The 2011 Tohoku Earthquake ruptured several asperities at the same time, which generated a large scale and long period ground motion. Recently 

the higher level of the earthquake ground motion is considered in structural design, and the nonlinearity characteristics such as large plasticity or 

fracture of members are inevitable issues in seismic performance evaluation of the steel structures. This paper presents the seismic performance of 

the braced frames is assessed by the time history response analysis program taking fracture of the end of beams and braces into account. The 

incremental dynamic analysis (IDA) is hired, in order to grasp the ultimate state under extremely large ground motions. The fragility curve was 

constituted from the analysis results, which provides the member fracture has definitely effect on the seismic performance of the braced frames. 
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1. Introduction 
 The 2011 Tohoku Earthquake ruptured several asperities at the same time, which generated a large scale and long period 
ground motion. Recently the higher level of the earthquake ground motion is considered in structural design, and the 
nonlinearity characteristics such as large plasticity or fracture of members are inevitable issues in seismic performance 
evaluation of the structures. The authors have proposed the direct local strain evaluation method which facilitates the 
assessment of the seismic performance of steel frames including the member fracture effect. In the present paper, the seismic 
performance of the braced frames is assessed using the direct local strain evaluation method. The incremental dynamic 
analysis (IDA) is hired, in order to grasp the ultimate state under extremely large ground motions. The fragility curve is 
constituted from the analysis results, which provides the member fracture has definitely effect on the seismic performance of 
the braced frames. 
2. Incremental Dynamic Analysis Considering Member Fracture 
 Incremental Dynamic Analysis (IDA) of steel frames on a weak-beam strong-column or strong-beam weak-column condition 
is carried out considering the member fracture. 14 earthquake ground motions, scaled to the velocity spectrum of Building 
Code in Japan, are adopted as input ground motions. The difference between the fracture and the non-fracture model of the 
steel frames on the strong-beam weak-column condition are likely to be relatively larger than that on the weak-beam 
strong-column condition. 
3. Seismic Performance of Steel Frames under Extremely Large Ground Motions 
 The ratio of the equivalent velocity calculated by the energy to the velocity spectrum is introduced for examining the effect of 
the ground motion duration on the seismic performance. As this ratio increases the members are inclined to fracture regardless 
of the ground motion scale factor, which results in the larger story drift of the fracture model than that of the non-fracture 
model. The story drift of the steel frame on the strong beam weak-column condition concentrates on the particular story than 
that on the weak-beam strong-column condition. 
4. Seismic Fragility Evaluation Including Member Fracture Effect 
 Fragility curve is developed on the basis of the IDA results for evaluating the effect of the fracture on the seismic 
performance of the steel frames. As a criterion determined by the story drift increases, the difference of the damage probability 
between the fracture and the non-fracture model increases. It is to be noted that the member fracture should be taken into 
account when the maximum story drift of the steel frame exceeds 1/50 rad. 
5. Conclusion 
 This research investigated the seismic performance assessment for steel frames taking fracture of the braces and the end of 
beams. As a conclusion, the results are summarized as follows. 
1) The difference between the fracture and the non-fracture model of the steel frames on the strong-beam weak-column 

condition are likely to be relatively larger than that on the weak-beam strong-column condition. 
2) As this ratio, of the equivalent velocity calculated by the energy to the velocity spectrum, increases the members are 

inclined to fracture regardless of the ground motion scale factor, which results in the larger story drift of the fracture model 
than that of the non-fracture model. The story drift of the steel frame on the strong beam weak-column condition 
concentrates on the particular story than that on the weak-beam strong-column condition. 

3) It is to be noted that the member fracture should be taken into account when the maximum story drift of the steel frame 
exceeds 1/50 rad. 
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