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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 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. 

Keywords: Buckling Restrained Brace, Out-of-Plane Stability, Chevron Configuration, Stability Limit, Rotational Stiffness

K  
 

KRg KRg

KRg KRg KRb

 

 

( ) SHIMIZU CORPORATION, M. Eng.

 

 

Ryota MATSUI, Katsuto TOMOEDA, Ben SITLER , Toru TAKEUCHI, Saki MIHARA and Yuma HOASHI 

 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. 

Keywords: Buckling Restrained Brace, Out-of-Plane Stability, Chevron Configuration, Stability Limit, Rotational Stiffness

K  
 

KRg KRg

KRg KRg KRb

Keywords: Buckling-Restrained Brace, Out-of-Plane Stability, Chevron Configuration, Stability Limit, Rotational Stiffness

座屈拘束ブレース，構面外機構安定性，K型配置，安定限界軸力，回転剛性

種々のガセットプレートおよび直交小梁を有する座屈拘束ブレースの機構安定性
GLOBAL STABILITY OF CHEVRON BUCKLING RESTRAINED BRACED FRAMES  

WITH VARIOUS GUSSET PLATES AND SECONDARY BEAMS

松 井 良 太＊1，友 枝 勝 登＊2，セットラー・ベン＊3， 
竹 内   徹＊4，三 原 早 紀＊5，帆 足 勇 磨＊6

Ryota MATSUI, Katsuto TOMOEDA, Ben SITLER,  
Toru TAKEUCHI, Saki MIHARA and Yuma HOASHI

＊ 1　�北海道大学大学院工学研究院 准教授・博士（工学）
＊ 2　�東京工業大学建築学系 大学院生
＊ 3　�東京工業大学建築学系 修士（工学）
＊ 4　�東京工業大学建築学系 教授・博士（工学）
＊ 5　�清水建設㈱設計本部 修士（工学）
＊ 6　�新日鉄住金エンジニアリング㈱ 

建築・鋼構造事業部 プロジェクト部 修士（工学）

Assoc. Prof., Grad. School of Eng., Hokkaido University, Dr.Eng.
Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology
Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, M.Eng.
Prof., Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng.
SHIMIZU CORPORATION, M.Eng.
Nippon Steel & Sumikin Engineering Co., Ltd., M.Eng.

日本建築学会構造系論文集 第84巻 第758号，563-573， 2019年4月
J. Struct. Constr. Eng., AIJ, Vol. 84 No. 758, 563-573, Apr., 2019

DOI http://doi.org/10.3130/aijs.84.563
【カテゴリーⅡ】�

─ 563 ─



 

yr yr

ra ar ar yr rayr

yr

Mp
r Mp

r

Mp
r

ny n n n

rn rsn n
n n n ren

n n n

a y xy x x y
L L L

rn rn
n n n

n n

a yy x x
L L

nx yn xn

rna L n L

Jn BE I R g nK rn
pM gn

pM

rsny

reny rny

reny rsny

Rgn

Rgn
ren rn

Rgn
y y rsn rn

Rgn
y y Rgn n

Rgn
Jn B

K L
EI

ry

r B
cr

r r

yN N
y a

r B
cr

r r

yN N
y a

B
crN

Nlim
bc

Nlim
bb

Nlim Nlim
bc

Nlim
bb Nlim Nlim

Nlim Nlim

lim lim limN N , N

KRg

ar
ar
yrs

yre

aryrsyre

rs
res

yr
ar

yr

Mp
r Mp

r

Mp
r Mp

r

M p
g

Mp
g

KRg

aryr
ar

yrar

yr

ar
yr

J EIB

J EIB

EIB EIB
x
x

y

y

x
x

y

y

rs
res

rs
res

rs
res

r
con
rs
con

rs
con
r
con

r
con

r
con

L

n
n

L
L

L

N
N
cr
B

N

Ncr
r

Ncu

a
yr+ar

yr+ar

Nlim
bc

Nlim
bb

Nlim
bc

Nlim
bb

r ar a
yr+ar

yr+arr ar

L

n
n

L
L

ar

yr

ar

yrK ’Rg KRg

KRr

KRr

KRg

KRb

J EIB

J EIB

EIB
EIB

L

─ 564 ─



 

limN

Nlim

yr yr

Mp
r Mp

r

U

J B Rg J B Rg
r r

Rg Rg

EI EIU y y
L L

Up

Rg Rgr r
p r p r p

Rg Rg

r r
r r p p

U y M y M
L L

y y M M
L

Us

J B Rg J B Rg
s r r

Rg Rg

EI EIU y y
L L

T

Rg Rg
r r r r r r

Rg Rg

r r r r r r

T y a y y a y
L

y y a a y y
N

U Up Us T

E yr yr N

r r p s

s r s r

p r p r r r

E y , y , N U U U T

u u t y u u t y

u t y u t y t y y

u n upn usn tn tn t

Jn B Rgn
n

Rgnn

EIu
L

rn r r
Rgn p p p

pn
n Rgn

M M Mu
L L

Jn B Rgn
sn

Rgnn

EIu
L

Rgn
n

n Rgn

t N
LL

rn r r
n

n

a a at N
L L

t N
L

r r r s r r pE y , y , N / y u u t y t y u t

r r r s r r pE y , y , N / y u u t y t y u t

s s r

s p p

u u t u u t t y

u u t u t t u t

s s r

s p p

u u t u u t t y

u u t u t t u t

Nlim

Nlim
bc, Nlim

bb

limN

Nlim

yr yr

Mp
r Mp

r

Up

r r r rr r r r
p p p p p

y y y yU M M M M
L L L

Ugp

r rg g
gp p p

y yU M M
L L

T

r r r r r r

r r r r r r

y a y y a yT
L

y y a a y y
N

Up Ugp T

E yr yr N
r r r r

p gp r p gp r r r

E y , y ,N t y t y

u u t y u u t y t y y

upn ugpn tn tn t

rn r r
p p p

pn
n

M M Mu
L L

gn
p

gpn
n

Mu
L

n
n

t N
L L

rn r r
n

n

a a at N
L L

r r r r r p gpE y , y ,N / y t y t y u u t

r r r r r p gpE y , y ,N / y t y t y u u t

r p gp p gpt t t y t u u t t u u t

r p gp p gpt t t y t u u t t u u t

Nlim

Nlim
bc, Nlim

bb

Nlim Nlim

Nlim

Mp
r

Mp
r rest Mp

r-neck

r r neck
p pM M

─ 565 ─



 

EIB

EA L

EA L L

E

KRb

arn

KRgn

KRgn KRb arn M rn

.
limN limN

num cyc
limN te s t

limN

num m on
limN

.
limN

limN num m on
limN

limN .
limN

b

N

yr arar
test

Nlim
test

Nlim

Nlim

Nlim
num-mon Nlim

num-cyc

cy

gy

H

H

x y z

x y z

t

ts = ts =

ts =

ts=

ts =

K Rg K Rg K Rb a r a r

─ 566 ─



 

z

KRgn

Rgn n Hgn n Jn BK L K L EI

KHgn PHgn

yHgn KHgn PHgn yHgn

KRb

z

MRb

Rb KRb

Rb Rb RbK M

KRg

KRb

b KRg KRb

b a b

b

lim limN N

lim limN N

limN .
limN num mon

limN

x y z

x y z

MRb

x y z

x y z

x

y

z

gL

PHgn

L

L

L

x y z

x y z

H

x

y

z

b

─ 567 ─



 

nU

nU

B
crN

limN limN rn
pM

rn
y numM

.
y numN

My num
rn

limN
.

limN n u m m o n
limN

yr ar

ar

Nlim
num-mon

N

NlimNlim

Ny num

Nlim

yr ar

ar

Nlim
num-mon

N

NlimNlim

Ny num

Nlim

yr ar

ar

Nlim
num-mon

N

Nlim

Ny num

Nlim

Nlim

y y

KRg

KRg

cy

cy

cy

cy

cy cy

cy cy cy cy

M g

M g

M r
M r

M g

M r

M r

M g

cy

cy

y y

cy cy cy cy

cy cy cy cy

KRg

KRg

M g

M g

M r

M r

M r

M r

M g

M g

cy

cy

M g

y
y

cy

cy

cy cy cy

cy cy cy

KRg

KRg

M r

M r M r

M r

M g

M g

M g

─ 568 ─



 

.
y numN

.
y numN

eva

eva

r ry a

cl

Mp My

d t

d B B t B t

crP

e e
Rg L e e d

e e P

P

ry
t cP E A l e cP EA l e

eM

iM

e RgM P K
L

i t
c

d AdM P P e E e E
l

P P tE

A

P

Rg
t

c

Ad KP e E e E
l L

Pcr

d

e
Pcr

lc
lc

KRg

KRg

Rg

E
E

t

Rg

e

A

CL

P, 

B

B t

B

d

t

t

t

t

y

P

P
P e

E’

Et

lc
E’ e

lc

/
y

/ y

Et y y

a b

num

eva

KRg lim L

E'

─ 569 ─



 

P Pt P P

t Rg
t t

c c

E Ad K AP P P P e E e E
l L L l

e e

rkP

t Rg
rk

c

E Ad KP
l L d L

tE
E

rkP rkE

rkE

rk
rk

c

E AdP
l L

c Rg
rk t

l KE E
d Ad

rkP

L rkE

crP rkE

J rk B J t B c Rg J B
cr

E I E I l K IP
dL L L Ad

eva eva

eva

eva
crP EA

c Rgeva
lim

J B lim lim lim

A l KL
I d EAd

eva

lim lim lim r ry a
eva

Et
b

y

y y y y y
a

y y
t b b

y y

d E'E
d ab ab

a b

c

r

y c

E
E

y
c

E

rE KRg

rE

r tE E
d

r b b
y y

E'E
ab d ab

lim

y
b b

lim

E'
ab d ab

y

y
b

E'
ab

r ry a

c c

e e d
l l L

a b lim lim a

b

lim

 - 

lim

eva eva

eva .eva
y numN

limN .eva
y numN

n u m m o n
limN

x

RgK '

RbK RgK

b ga b b

g L

b L f L

g bL L

b a

R gK Rg Rg RbK K ' K

fL L

─ 570 ─



 

ba b

RgK Rg Rg RbK K ' K

gL L

bb

RgK Rg RgK K '

gL L

limN

RgK

limN b

n u m m o n
limN limN .eva

y numN

b limN .eva
y numN

b

limN .eva
y numN b

b

limN .eva
y numN num m on

limN

limN
.eva

y numN

num m on
limN

x y z

x y z

J EIBJ EIB J EIB J EIB

Lg

KRg

KRb

KRb

KRb

Rb

KRg

K ’Rg

K ’Rg

KRg

KRg KRg

KRg KRg

Lg

Lf

b

a

Nlim

N
lim

evaNyield

N
lim

Nlim 

Nlim

evaNy num

N
lim

b

ba

evaNyield

Nlim

b

ba

evaNyield

Nlim

N
lim

cy

cy

cy

r

r

cy

M

Rb Rb Rb

M

cy

cy

cy

cy

r

r

M

M

cy

cy

cy

cy

r

r

M

M

cy

cy

─ 571 ─



 

limN
.

limN
rn
y numM

.
y numN

.eva
y numN

.eva
y numN

N M
N M

gn yn gn yn
p gw u gw gpn gyM N N N N Z
rn yn cn yn
p cw u cw cpn cyM N N N N Z

gn
uN cn

uN yn
gwN

yn
cwN gpnZ cpnZ

gy cy

gn cnW ,W
gn cnH ,H gn cnt ,t

tcn tgn Hcn Hgn Wcn Wg Wg

KRb

yHg

Wgn

WgnWcn

HgnHcn
tcn

tcn

tgn

tgn

Wcn

yHg

KRb

─ 572 ─



 

 

Ryota MATSUI , Katsuto TOMOEDA , Ben SITLER , Toru TAKEUCHI , Saki MIHARA and Yuma HOASHI  
 

yr yr ar ar

ra ar ar yr yr

Mp
r Mp

r Mp
r

ra

GLOBAL STABILITY OF CHEVRON BUCKLING RESTRAINED BRACED FRAMES  
WITH VARIOUS GUSSET PLATES AND SECONDARY BEAMS

Ryota MATSUI＊1, Katsuto TOMOEDA＊2, Ben SITLER＊3,  
Toru TAKEUCHI＊4, Saki MIHARA＊5 and Yuma HOASHI＊6

＊1 Assoc. Prof., Grad. School of Eng., Hokkaido University, Dr.Eng. 
＊2 Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology 

＊3 Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, M.Eng. 
＊4 Prof., Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng. 

＊5 SHIMIZU CORPORATION, M.Eng. 
＊6 Nippon Steel & Sumikin Engineering Co., Ltd., M.Eng.

（2018 年 8 月 30 日原稿受理，2018 年 12 月 27 日採用決定）

─ 573 ─


