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Numerical simulation on hysteretic behavior of steel frame with unbonded
steel plate brace encased in panel
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Abstract; Numerical simulations were performed to further investigate the effects of beam-to-column connections,
reinforced ways, etc. on the hysteretic behavior of three tested steel frames with unbonded steel plate brace encased in
panel (referred to as panel BRB) , which is termed as steel frame with panel BRB (panel BRBF) hereafter. The values
of the parameters used to reflect the hardening behavior of panel BRBs were determined based on cyclic tests of panel
BRBs. In general, hysteretic curves of panel BRBFs and mechanism on yielding or buckling of steel members acquired
from simulations agreed with those from tests. Yielding of panel BRBs occurred at inter-story drifts of 1/463 ~1/350 in
tests and 1/416 ~1/305 in simulations, and plastic deformations of steel frames were not obvious prior to the drift of
1/50. Duetility and energy dissipation capacity of panel BRBFs were good and the design aim that yielding of panel
BRBFs is mainly concentrated on panel BRBs was realized. Within the drift of 1/30 and prior to deterioration of load
carrying capacity of steel frames, the panel BRBFs with moment-resisting beam-to-column connections and the panel
BRBF with non-moment-resisting beam-to-column connections, in which steel frames nearly remained elastic, showed
trilinear and bilinear skeleton curves, respectively. The trilinear curve of each panel BRBF can be acquired by putting
the bilinear skeleton curves of both panel BRB and steel frame together. The reinforced ways of adding steel plates at the
ends of steel beams near moment-resisting beam-to-column connections let yielding of beams occur far away from the
beam-to-column connections and ensured both enough strength of the connections and stable energy dissipation capacity
of steel frames. The beam in the panel BRBF with non-moment-resisting beam-to-column connections had large flexural
yielding when one brace in a chevron panel BRB failed locally, and the overall lateral resistance of structure was not
deteriorated. Besides, simplified methods by employing beam and truss elements to simulate hysteretic behavior of panel
BRBFs were proposed.

Keywords: steel frame with steel brace encased in panel; buckling restrained brace; unbonded steel plate brace
encased in panel; hysteretic behavior; numerical simulation; local failure
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Fig.1 Test setup and constructional details of the specimens
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Fig.2 Hysteresis curves of the specimens at the top of column and in each story in the first load stage
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Fig.3 Hysteretic behavior of panel BRBs

DRI (1) . ASSH BE3 ], 52 AL R A 4 ik
e I R A BRI P 4 . PR R
HH IR A TR 2l % A5 G, AU PP AR AN S AR TR
X 7 MR A i AN L A (AN S
HRAR ), 5 MR AR TR 5 A0 IR AR, 3 e X sl AR By
24 mm x 24 mm; ffiH5HETE R A AR IR S LA
RS FE AT A A9 A DA T - A V. AR S A
ZRGLIE R B A .

LIRHSMLES us

Tz (tie E42)

SCAEJRFRARE sy
i‘ﬂﬂ ", ltz uz }ﬂﬁﬁ

[rrnn
(tie Ji‘ff%)

S ARAE [F)
*w’fﬁ%ﬁ% Uy U3

T2 fih X dk

4 BF3 HAHRTER
Fig.4 Finite element model for the BF3
2 BT SR R BEARER v S AR 3 )
[ 29T, Ry TR At A A, ZH e i AR AN A T S 4
e L 9 20 2 24 SRR 11 5 2 il B A e vy S 4 ) L
USRI A TR 34 (B 4) . RS ok
H0 R R AR X T RBE - ) B S5 I SR R AR AR
Pk AU AR AR ) B et A BIREE L, Bk S

FEB P B R A k. BRI AR I 52
SRRl 1] B WA (L B AN 52 e 3 A7 45 2R, TR A A
Ak s 5 B 1) D REARE /DN 1) 3958 (1] 4) . 0, I L
TR S ARSI AR B A 0 0k R S AR Y SR AR AR
R SRR A A L % BF3 B9 2 — A S8R
TR S P55 W T [ B e S 3] 4 2 Jry B T DR A
K25 BRI SR AR, L T R AR IR AL Y
FE AR IR 1 s B RO SCHE O 29 AR .
2.3 AREFHRTH

SRR FH 0 240 SRR 2807 2R A TR O X
PR TSN A HEAT 2950, (o A G ] 422 1k
Gb, XA BE3 , LN A0 A1 To b A 1 S8 AT 54k
2L G SR B LA T HLFL. X BRL R BF2, #3050 58
— [ Bhn 2R ey 2 ) JEE E AT AU, A RN 262 A
{E2H 100 mm; BF3 7347 2 106 o A Sk 155 452 1
HS‘ZT“%MM&%I/\ ﬁl%}]ﬁ“ﬁ%[ﬁa % 18 S % i S 0

e M FRE A b 0T AR (DI G o, 38 K
T ,Emaz%{egﬁ@ 1/750.

3 BBER

3.1 WEf

AT S A [l 2k UL PR 2. i 2 AR i
TPFBR B i AN BEAE R DL S R B, SO R A 22
AR A WA A TR AR B PRG3R 2K
Hh 1] 2R REAR T G, IR BT A AR RS A
WIEZIR AL, SE P FIFERERE J) KL 4F-
3.2 BEbEH . JERFIER

RS WL S, o3 B 5 1 5 45 SR FE AR 1Y)

A AT, AR BN R Al (R TOUAE RS Bk L2544

(3 m) ) 5 1/50 1, W2 AE B4 22 i o8 f) A T 5 X
(RIVHIZE A s A A XBE, LR 1) B 5 i B
PO JEE HH , N2 (AL B — AP R R A A B e
v AN SR B i 1 WIS B R A, Rl 28
DXBEANL B Kot X LA B T2 B b, ALY i X
AR TFHAIRAS. a0, BF1 — )2 32 i b 32 i
DXl (BN 22 L A s A i) DX B, DLI&T 1) A (T
1(a) ) X HEULIET 6 Ca) , AR Hh S0 Ji i 1oz ) 156 A
AU IR 1364 x107°.

P BFL 4], ¥ 4 64 Jest JIi R it ek 221 ( RASE T
AN ALRS ) WL 2. AT L 3245 5 i e, S8 5 St i
IR, 5 Jo A A A e . LA AR 5 iy 149 51 e Al
P il (3 2) . 1 m R AR MR i 5 050 O - S8
AR R A4 1 SAEE e AR S 2 S s T S v
B 5 ) T8 (L 5 e e e o 28 ) R 2% |
A AR JeE IR R 220 5 L 00380 ) Je ot A T S B A it
If 2. BP0 708 - He A A Mises B 215



- 146 - MoK OE T

550 &

(a) BFI

+80 mm FESTHERIFE L S e i

(b) BF2

+40 mm AN A AR TR

+72 mm —ZHL A ARSI NY

() BF3
5 REAEPREEER

Fig.5 Local deformation in both test and simulation

al

g

7,

-60 -40 -20 0 2lO 4;0 60
—JZZ A /mm
(a) — )Tt 1 B Ltk X A8 X H

J
20 i
‘T‘S 0 === =-n
B 20 LN
2‘
E -40
-60
—-80 1 1 : L L
-100  -50 0 50 100
FETUINZR AL /mm

(b) —JZ 55 i A i DX s 7 B2 7 78 434

6 BF1 iR
Fig.6  Strain of beams in BF1

&2 BF1 JiR4a 4K JE AR F0JE B Xf Bz B9 N 242 7
Tab.2 Displacements at yielding and buckling of steel

members in BF1

JE R Ja il
T

¥ AL ¥ AL
) =3 -20.2 -27.7 -59.7 -50.0
— B -20.1 -18.5 +59.9 +53.9
— R -34.8 -33.7 -86.3 -89.8
— 2T -28.1 +30.6 +80.3 +79.4
TR -6.7 -6.9 — —
—E X -6.7 -9.3 — —

TE - BEL H AR A B SO 25 S8 S 0 e o A A Je IR J T 289
A — SRS A B A

it e R ) e IS 22 5 90 % A SRy o e ot o
SRR NS R BT I TE T T 4 b o 722 R 75
S fi) F) 5 S 2. A 6 (b) firais, L — = 32 i i
o), +53.9 mm WFEAICIE SR AREIT 4R B 1R,
P 2% 3 A i DX A A J SRy S o
3.3 X EZRMEBALEHEE DRSS T
IR AT I, BEL A BE2 i 1] 1 B B AE
R0 Jay ¥ JE o RO P S R AN 3 A S ARl Z Ak LA
BE2 g f5i], ARS8 Rz A 7 A4 A U v 52 31 4
FLARAL BT (a) FPASUE H S AT S (G (o] 26
T I AT R, AR SO S8 HESR A A
HRAE LR BT A 4 USSR, S 0 i 52



5 12 3

TR A AR N TGRS S P AAE ST [ P RE R (B - 147 -

P A AR A ). RSB R 2 () BT ) S 4
PRI A AT BIRESURAE BT Iy (81 7 (b) (7 (¢)
EEALEHY (BRBF) (324 (BRB) MIAESE (Frame) (1
i [ gl 2 A E ZR R ) D, S35 T AR A4S A4
JE L o SCHR SR, SO T AR 4 P P A, HE R
SIS 188G . 1/50 )2 R0 RS £ (X 2 1A]
A% 30 mm) if, BE2 Hp SO B 3 20 bR = 5T T 4
55% ;BF1 W2k 45% .

Kl 8(a)H BF3 25— JZ AT (151 4) — MR 4%
T P DR TR B 8 AN 8 S 4R A R R IR, AU e
i A 0y SRR G TR B 1 LB, DA AU PP S A A
TR TR R S BOR B AR B 3% B i H g —
B N SR ROR JE HESR A LA E IR, e — )=
SERHTMAR ) R BB (] 2 (c) ). TR
AJevJE il , i 8 (b) (8 (¢) A, R AR
TERERE , "R HEZRHEAKE F 5k

600 900 ———— 000 et
B2t B E 2R HH 2K
L 4o} S goo | HIAR 1 eoof "o -
4 > T 1 = i ] = L © BRB F o
S g ” ) Mm Z 30 Z 300f o BRE Lo
= 9 ’//’//”4 '/74“' i ) 2 0 2 0
R g I N / N os cossn S
£ -200¢ [[{““%W 4 | -0} | % 300} smsstages i e
‘ = e —6001 17 Zsool —BRBF
A g0 (LS é;ﬁ 1 e ----BRB 52U : - - BRB
~600 ; , ‘ . X 900+ | ‘ .~ Frame | —900 |+ 1% —Frame —-—Frame
-60 -40 =20 0 20 40 60 -60 -40 =20 0 20 40 60 -60 =40 -20 O 20 40 60
ZRJZ A fmm T2 fmm T2 EA fmm
600 900 s 000
RSS2SR SEPNEETHES
z 400 f 1 600 f " - 600t . BRBF
= = [ 1= [ © BRB
= 200 1% 300 = 300 < Frame
B0 R 0 R 0 ,
g“& 200 12 -300} 1% 300} (AR A
] N N — BRBF
a0l -600 | ST TUC S— T hRb
—600 ) ) ) ) —-900 ¢ ‘ ) ‘ Frame —900 | X% ~Frame | --=Frame
-60 -40 -20 O 20 40 60 -60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60
—JZJZ A% /mm —JZJZ M /mm —JZJZ AL /mm
(a) SCEE M ] 2k (b) BEAGERY  STHEEFIAESR A ] i 28 (OFEE i ES

&7 BF2 j# [0 g 2 Fn & 22 i 2k
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