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OUT-OF-PLANE STABILITY FACTORS FOR DIAGONALLY INSTALLED
BUCKLING RESTRAINED BRACES

AN IR N T T, R R ORI R
Hitoshi OZAKI, Yoshinao KONISHI, Ryota MATSUI
and Toru TAKEUCHI

Buckling restrained braces (BRBs) are widely used in seismic regions as ductile seismic-resistant and energy dissipating structural members. On
the other hand, the risk of overall flexural buckling under cyclic axial loading with initial out-of-plane drifts simulating the bi-directional effects of
a ground motion has been pointed out. In this regard, series of formula for securing the BRB out-of-plane stability has been proposed in previous
studies. However, the actual ranges of each index that make up this series of formula are not clear for practical engineers. In this paper, these index
values are clarified by carrying out the research studies of various BRBs and their connections that have been used in actual design. Based on these

results, a simple method that can evaluate the out-of-plane stability condition of BRBs with various connection conditions is proposed.
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1. Introduction
Series of formula for securing the out-of-plane stability of buckling restrained brace (BRB) have been proposed in previous

studies. However, the actual ranges of each index that make up this series of formula are not clarified for practical engineers.

In this paper, these are divided into two indices called a design index and an evaluated index, and their actual values are

determined by carrying out the research studies of various BRBs and their connections that are used in the actual buildings.

Based on these results, a simple method that can evaluate the out-of-plane stability condition of the BRBs with various

connection conditions is proposed.

2. BRB Index
The four indices mainly governing the mechanical stability condition for BRBs are selected as the design index, and five indices

remaining in a certain range are selected as the evaluated index. The evaluated index is determined to keep the safety margin of the

mechanical stability condition.

3. Investigation of the range of the design index
The range of the design index is investigated on the basis of the configuration for the practical design examples. The range of the

design index for the connection rotational stiffness is determined by the FEM analysis results of the column-beam connection in

typical office buildings that stand around 100 meters.

4. Evaluation of Global Elastic Buckling Strength of BRB
According to the previous studies, a seven-element-model composed by two rotational springs of gusset plate, two rotational

springs of restrainer ends and three elastic bending elements is used to assess the global elastic buckling strength of BRB.

5. Out-of-plane Displacement at Restrainer Ends under Design Axial Force
Total initial imperfection and incremental value of the out-of-plane displacement at restrainer ends under design axial force

are determined.

6. Eccentric Bending Moment Requirements Considering Rotational Spring Stiffness at Gusset Plate
From the value of the global elastic buckling strength with pin supports at restrainer ends and the out-of-plane displacement

which are estimated in the previous section, eccentric bending moment requirements considering rotational spring stiffness at

gusset plate is defined.

7. Additional Bending Moment Requirements under Out-of-plane Drift
A standard for out-of-plane displacement equivalent to 1% radian story drift is verified for additional bending moment

requirements.

8. Evaluation of Out-of-plane Stability Condition of BRBs
A method to determine the out-of-plane stability of the BRBs by comparing moment transfer capacity with bending moment

requirements at restrainer ends is proposed. Some examples of the out-of-plane stability evaluation method are demonstrated

by using a diagram visually without a complicated calculation.

9. Conclusion
As a conclusion, the following results are obtained.

1) FEM analysis results on the connections of the BRBs give that the out-of-plane rotational stiffness of their ends is
significantly dominated by the column and beam. The rotational stiffness of the model with the elastic column and beam is
less than half of that with the rigid column and beam. It is noted that the stiffness of the column and beam should be taken
into account in practical design.

2) The standards for the items in the formula series of the BRB out-of-plane stability conditions are summarized respectively

by the numerical simulations of the practical design models.

3) Based on these result, it is shown that the out-of-plane stability condition of BRBs with various connection conditions can
be evaluated by comparing moment transfer capacity with bending moment requirement at restrainer ends without the
complicated calculations.
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