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GLOBAL STABILITY OF CHEVRON BUCKLING RESTRAINED BRACED FRAMES
WITH VARIOUS GUSSET PLATES AND SECONDARY BEAMS
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Global out-of-plane stability of buckling-restrained braces is often governed by yielding of the neck. The authors previously proposed

a method? to evaluate this buckling mechanism, including the gusset rotational stiffness, connection length and neck - restrainer

flexural continuity. While the proposed method has shown good agreement with experimental and numerical studies, this paper

revisits a key assumption in the derivation, where the neck is modelled as an elasto-perfectly plastic hinge. Detailed FEM studies of a

chevron BRB experiment with a range of gusset and framing boundary conditions are conducted, and an inelastic buckling model

inspired by Shanley’s theory introduced.
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Fig. 2 Elastic buckling mechanism for chevron configuration

m
EE
225 5
289 ~,
=R N
E q\_/
< O
DO
m
)
£ 3
! =
z |3
5 R
& :
= =
g
25 M,
o5~ -
o3 3
o) [}
SEE sy
g3 —
< O
(3
m

(a) GPL elastic
Fig. 3 Collapse mechanism for chevron configuration
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Fig. 4 BRB stability concept and limit
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Fig. 9 FEM model to calculate rotational stiffness of GPL (Type1)
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Fig. 10 FEM model to calculate rotational stiffness of beam

X

Table 2 Rotational stiffness ratio k» with various GPLs and beams

Model Boundary Beam Ky (KNm)x10®
Model 1 : Kp<a TYPE (Fig.(8)) -
Model 2:  a<kp<b A B C D E |3
Model3: b <k 11.37] 174"] 19.67] 29.7"] 43.8"[2
GPL Kyl 1 2.46* 4.60 [ 7.07 | 7.96 | 12.05| 17.80 b
LNm)10° TYPE |2 4927 230 | 3.53 | 3.98 | 6.03 | 8.90 u
(Nm)10\Fig. ()3 1257 | 0.09 | 0.14 | 0.16 | 0.24 | 035
*the values are Rotational Stiffness Model 1 Model 2
Loading point
Loading ((1)} } /GPLdedge
Dact Riei
direction | B 249x249x25x25 GPL edge
_ _— (Shell element) Rigid
Hypo=45 72 Restrai 181
Out-of-plane Bes rauier ¢ Fixed
disp. Rigid beam (Beam element) 111
&lo element 111
=935
(1-&1-&) Lo
Boundary condition =2434 GeLo
X ¥y 2\ 0:Free ) =833 )\
Ox Oy 0-) 1 : Fixed (Length unit: mm) B X
Fig. 11 FEM model of BRB component
AT TE 5.

Fig. 13 1222 EBRIURFIC 35 1 2 05k 42 LR INF i O sl ) 434 s L OF
BRI 4 79, BRB HAITHHHAR 24 L, Mike v Ui
GPL [FHERIMED /NS WO BT K& R A5 R3 H 5,

Fig. 12 (SR & A S A 7 TLEMR ) OFEME DS, FRATHE
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Fig. 12 Axial force - out-of-plane disp. relation
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Fig. 13 Longitudinal stress distribution (x5 def.)
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Table 3 Each type of BRB properties

) A d I, K ge 0 lim éLy ky 2 a b 4 E' o a™ | a®™N JE&'&?\)]) Niin™™

cm* | mm?> | mm | mm | kNm - mm - - - - - N/mm’ - - kN kN
TYPEI 4975 20.0 884 319 | 416 | 0.02 | 27.5 | 0.0145 | 961282 | 1.15 1.26 3022 3807
TYPE2 | 5438 | 11825 103.8 | 224 11681 21.0 884 2.17 28.2 0.1 17.1 | 0.0232 | 964721 1.23 1.33 3184 4033
TYPE3 115066 | 25.6 972 0.71 10.2 0.2 10 0.0355 | 1850353 | 1.82 1.61 5063 5103

* Kpg» Otim, Lo : Average values of Beam to column and Beam to BRB connections
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1. Introduction

Global out-of-plane stability of buckling-restrained braces is often governed by yielding of the neck. The authors previously
proposed a method9) to evaluate this buckling mechanism, including the gusset rotational stiffness, connection length and neck -
restrainer flexural continuity. While the proposed method has shown good agreement with experimental and numerical studies, this
paper revisits a key assumption in the derivation, where the neck is modelled as an elasto-perfectly plastic hinge. Detailed FEM
studies of a chevron BRB experiment with a range of gusset and framing boundary conditions are conducted, and an inelastic

buckling model inspired by Shanley’s theory introduced.

2. Stability Evaluation Method for BRBs with Different Connections at each End
The previous evaluation method for BRBs in a chevron configuration adopted several key assumptions:
. Out-of-plane buckling displacements y,; and y,, are proportional to initial geometric imperfections @,; and a,,, such that
the ratio r,= a,1/a,» = y.1/y,» remains constant.
. Buckling limit is determined from the ultimate strength, at the point at which the combined axial and moment demands
exceed the critical hinge plastic capacity.
. Neck hinge plastic capacities at each end are assumed equal M,” = M, = M,"%.
The assumption that the displacement ratio , remains constant is not valid when the connections at each end substantially

differ. A new formulation is derived that relaxes this limitation.

3. Calibration and Validation of Numerical Models against Cyclic Experimental Results”

A detailed shell model of the chevron BRBs, gussets and frame was assembled, and the rotational stiffness of the transverse
secondary beams, torsional stiffness of the primary beam and flexural stiffness of the gusset plate validated against the
experimental stiffness obtained from static pull tests. The cyclic out-of-plane buckling of the FEM and experimental models
are in good agreement, with the peak inelastic buckling load matching within 10%. Using the calibrated FEM model, it is

demonstrated that the monotonic buckling capacity is slightly larger than the cyclic buckling capacity.

4. Numerical Study of Gusset and Beam Stiffness
Gusset plates (GPL) with 3 different stiffener arrangements and 5 transverse beam sizes were modelled and the equivalent

rotational stiffness evaluated.

5. Effect of Gusset and Beam Stiffness on the Buckling Capacity of BRBs in Single Diagonal Configuration
FEM models with the gussets introduced in Chapter 4 are analyzed and the peak inelastic buckling load is compared to the
analytical capacity predicted by Chapter 2. While the error is within 20%, the neck yield limit is predicted within 10%,

indicating greater confidence in elastic range.
6. Proposal of Inelastic Buckling Amplification Factor a based on Shanley’s Theory
An inelastic amplification factor a is introduced, defined as the ratio of the peak inelastic buckling load to the neck yield

limit. Shanley’s theory is extended to the case where the gusset provides supplemental residual elastic stiffness after the neck

has yielded. This is compared to the FEM results and found to predict the peak inelastic buckling load within 20%.

7. Effect of Gusset and Beam Stiffness on the Buckling Capacity of BRBs in Chevron Configuration
The analysis from Chapter 5 is extended to the chevron configuration using the beams from Chapter 4. The evaluation method

from Chapter 6 is in good agreement with the FEM results, with errors within 20%.
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