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4. Fling step
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1. Introduction

Buckling-restrained braced frames (BRBFs) are efficient lateral load resisting systems with great capacity
to dissipate seismic input energy. However, the near fault ground motions may impose severe damage to BRBF
structures in comparison with ordinary ground motions. The results of previous researchers have proved that
the modification of response spectrum cannot solely capture this effect. This paper suggests that behavior
factor should be modified for near fault ground motions. In this paper, the behavior factor is evaluated for BRBF
structures under near and far fault excitations, for Life Safety (LS) and Collapse Prevention (CP) limit states.
The performance-based behavior factor can be used for design of structures in near and far fault regions.

2. Methodology

To obtain the seismic response quantities required for calculation of behavior factor, a set of nonlinear time-
history and pushover analyses are conducted. Behavior factor which represents the capacity of the structure
to dissipate seismic input energy is defined as the ratio of elastic base shear to the base shear equivalent to the
onset of nonlinear behavior within the structural elements. In the first step, the roof displacement equivalent
to onset of nonlinear behavior is determined using the results of pushover analysis. Then, using the results of
IDA analyses the base shear at the prescribed roof drift is evaluated (Vs). The base shear equivalent to the drift
ratio of each performance level is obtained from IDA analysis (V). The elastic base shear corresponding to that
intensity may be derived employing linear time-history analysis (Ve). Finally, the Behavior factor is computed
using the expression:

1w X Rs ()

. . : . v, .
In above expression, R, is force reduction factor due to ductility equal to V_ey, R, is overall over-strength factor
y

V; I ) . .
equal to V—y X F; X F, where F1 and F2 are modification factors to consider the material over-strength and strain-
S

hardening effects. Ductility (¢) is also calculated as the ratio of roof drift obtained from nonlinear dynamic
analysis to roof drift at onset of nonlinearity obtained from pushover analysis.
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2.1. Sample structures and ground motions

Three buckling-restrained braced frames with 3, 6 and 10 stories are selected and designed based on the
specification of SEAOC standard. The nonlinear models are prepared using Seismostruct software. Pushover
analyses are conducted using first mode load pattern. The incremental dynamic analyses are performed using
a set of 10 far fault and a set of 10 near fault ground motion records. Near fault records have at least one pulse
in velocity time-history and satisfy the criteria proposed by Baker for identification of near fault records.

3. Results and discussion

Considering target drift ratios for each limit state (Ls and CP), the seismic behavior parameters are
computed for near and far fault excitations. The average of obtained results for near and far fault ground
motions are presented in Table 1.

Table 1. Seismic response parameters of sample steel moment frames for LS and CP limit states

Pulse-like Records Far Fault Records

Limit State Story
R R, R, u R R, R, L Number
5.5 2.7 1.77  2.25 8.0 39 1.8 3.3 Life Safety 3
5.4 2.7 1.7 2.3 7.2 3.4 1.75 2.9 Life Safety 6
5.0 29 1.6 2.1 6.5 2.8 1.75 2.3 Life Safety 10
7.6 3.6 1.85 3.1 10.5 4.6 2.1 3.9 Collapse Prevention 3
7.2 3.5 1.8 31 8.7 3.9 2.0 3.3 Collapse Prevention 6
6.1 2.9 1.75 2.5 7.8 3.2 2.1 2.7 Collapse Prevention 10

According to the contents of Table 1, it can be observed that the behavior factor of BRBF structures is about
25% larger for CP limit state in comparison to LS limit state. Moreover, the average of behavior factor for near
fault ground motions is 30% less than far fault records, for a specific performance level. This is due to the fact
that ductility capacity of the structures decreases when imposed to pulse-like records. The increase in height
does not influence the results.

4., Conclusions

In this paper the performance-based seismic behavior factor of BRBF structures is evaluated using the
results of pushover and IDA analysis approaches considering two sets of 10 near fault and 10 for fault ground
motions. Three frames with 3, 6 and 10 stories were selected as case study frames. The main conclusions of the
study are summarized as follows:

1- Behavior factor of BRBF structures is averagely 30% lower for near fault ground motions compared to

far fault excitations.

2- Behavior factor associated with Life Safety limit state is in average 25% less than CP limit state.

3- The increase in height makes no change in the results.

Therefore, it is suggested to modify behavior factor of BRBF frames when the design is conducted for structures
located in the vicinity of active faults which are prone to pulse-like excitations.
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