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Influence of buckling — restrained brace on seismic
performance of steel frame structure

LI Yunyong, ZHENG Qizhen, AN Yalin
(College of Civil Engineering , University of Shanghat for Science & Technology , Shanghai 200093 , China )

Abstract; Through setting the constraints on the fringes of the bar element inhibition of compression
buckling under pressure ,buckling — restrained support can achieve better effect of energy consumption.
In order to further study the effect of anti buckling brace on the seismic behavior of steel frame structure,
the paper used SAP2000 finite element software to analyze the mode and time of a steel frame of whole
model under the condition of buckling brace, general center support and the forms of non support. The
results showed that the period of buckling restrained brace steel frame and the displacement angle of the
layer are all reduced compared with that that of the pure frame. In the case of rare earthquake, the top —
maximum displacement value and the top acceleration of the steel frame are more significantly reduced
than that of ordinary braced steel frame. The result indicated that the stiffness of steel frame can be obvi-
ously improved by using the anti buckling brace, and the seismic performance of the steel frame structure
is greatly improved, and the energy dissipation effect is obvious.

Key words: buckling — restrained brace; steel frame structure; energy dissipation; rare earthquake

R MPURBOT I E— R S AT T BIRHUENERE .

FETERE, LR, 39K 52 7 ke P48 RS G I 4 A 25
5o T E A R e S A AR R JBE DA [ sl SR
Z GBI R LU PR OR . HESE -
SRR R AR S MO IE XU U0 3 8500, BAT R
PR RE , (2 108 A S AT (35 32 s Ji ot R AL
AT s [0 SO, PR AR 22 , R It S S s 75 ) = 30
RNl N s G100 1 2 E S FUR RS
G B LY ATEI R 2 R I B i i, a) DU
UFBOFEREAICR , S 5 1 SH8E A B O ST LR 54 1Y

f&e] H#A.2015- 11- 01

75 H HP :2015- 08-20;

iy it it Sz 3 i LIRS S BUTE A, B4 2 4 4
H A IR R T A SR B L R SR B 1
B AN 1) 29 T LA B7 1F & A S it o Tsai 255 JF %
T AT F 0 T AU U A 9 8 T L 5
T £EL B4 155 J ol Sz #3ER 2 BT 9 405 S SR % R S F
HLAE LA HE I RE R S PO S5 PERE . th T B b 52
P AT IOFEBEVERE , T 10 4E7E TR [ 19 51 T Bk
LI, TR IR E bR XD O W R Wy
Jor B S 45 HEE 40 2 R T FEL T 0 e o ) R R g

PEZ B2 55 (1988-) I3 I i Fe A, L P50 AR WS T 1) - 54 TR



206 bi N S S I

2016 4

R, N TS S A R T R s, B
ARG I FERERE T o X BH et 1 =4 22 2 ) P AE A
s, R S SR — i T A Bk s RE g
FHJE#S . WG M2 2517 $R T — 7 4 B 9 i
S, BT DL OpenSees 173 HrF- 6, #37 —
A9 EANAELL S AR A AT BROCA AR , 3 if #E 1A
54 2R B0 R A SIE P AT 9 2R B R L, A B it S
PEE 12 SNAE ZR G5 HA) R AR 1 B T b R 0] ) 45 35
BETEOVEIT . X BEAED) SR B T B, 9158 T By

TREE TR B E Nl €35,

BB FURE R 7 B NS AE 0. 1 g, & 1T
RETHINE 2, Tg =0.9 s, FEANJEIRAE N 0. 55
kN/m?, AR JZ1E ff 2 BUE 5 kN/m? 3% fof 28 U 3
KN/m? s A b A2 e fr 2% U 4 kN/m? 355 77 2 R
{8 0.5 kN/m* A48 ¥ 2 B8 H0 B LI 45 1] ( GB50011
-2010) ,7EZ R T RIFHJE L, " EA KT 50 m
IFATER 0. 04, 76 5538 b 7% R ] R JH 0. 05, 3% A
SERG ) B RRRR M, USSR ARBH JE LR 0. 04

i S A HE SR8 O SCHEAE A VERE Y225 DO @ 5 © @,0 ©® ® 00 (15

TE LT AR PR R 45 H 1 2 BRI B 51, B i e e s s e s P
SCHE T LI HOHESR S 2 CHRE ) R SR A 7 AT el | :
I AN (Y R 3 A ey TR L RSP AT o = S N W A = = S
ks TR AR T Fpmns et e TR LA LS LR
SRHE RS A THUREVERE 40 0T , RIS [ A2 i s e e N h:§g
Jot S 0 PR A B AR PR S0 SrEHHEE A TR e
1 TR rH:

Bl TEHEE
AR T L METT, S 10 2 SRHER LS4, R
L, o N . O ©® ® 6 78 n OO &L

ST AS B A B, LR SR 77,7 m x37. 5 T e e A
m, JEH 4,79 B2 R TR BEJa2 O PR LI 1 T —~—[™" ©
2.0 BN N 47 m( R mmp || | FlA: ~_ o
B RERIRE 6 mx2,5 mx2,4 mx2,5m,4m, AT EEDDR o
S m,4 m, |2 EEEEmE Tl

NPT gt = 1 - = SN

RGBT Sy HORY, A T D A A, R o T ™ EE/NEN
FERRTE I3 1, HorP AR Q345 A0, HEZRIBAAE | T T e T .
B SR PP 43, YRR R S P RIRAE 22 i) ®
B . B 150 mm JEBLDERIAIREE T, B2 RSRFmeRFasEd

x1 FTEHRGET

KA KL1 KIL.2 KL3 K14 KL5
#iM H700 x300 x 10 x25  H800 x400 x 14 x32  HI1200 x400 x 18 x25 H900 x350 x 14 x25  H600 x200 x 10 x 15
i K71 K72 KZ3 K74 KZ5
o B800 x 500 x 30 B1000 x 500 x40 B600 x 1200 x40 B600 x 600 x 35 B700 x 700 x 35

2 BRIy

L SAP2000 435I 57 T 3 1 4l HE 2 M R
S PR S SRR L TSR R S g
0 e GRRR L] 3 , o 0 57 YT A
PR BB SR B =2.06 x 10° N/mm?,
BRARHES £ =345 N/mnd JIRA LR U = 0.3, 4644
TR R T 45 A PR M 24 o, S A 5 L B S
TR AE 2 LR, R RURE b 2

~

j z
&
3
20
R

5‘4

,:;‘.’/!’ "’e{
:' Vs /6
Q0L .’;‘v/”
W848 40
SR

‘4’5,’4

%

S8
W
WY
S
W

3 GEHEGRIE



G521

B 93,5 i SR S HER S R PR TERE W B 5L 207

7 S I AG BE ST K Wen ¥EPE BA ST, H S
B CRPIERRIE N 2 x 10° kN/m, BLE 4 0. 04, Ji
RS IMIEE oA 0.2 SR IRFEECH 2. NGk AR T
4300 x 20 (-1 RUAY, MR 48 A5 5097 e i S A P
TR AR 33 S 1 SR FHAR AT > H300 % 300 x 10 x 25 [1)
TR AR RGERE A f, =235 N/mm’, G
BN E =2.06 x10° N/mm”, JAFA LR 0.3,

FECRFPURRITME) (GB50011 - 2010)
55, 1.2 SFE R IR AT i, iR AR
AN T R o 2 AN > F A 0 S i 2
O SRR —ZH N T ABE DL 0% o sk 2, b 5 0 7 32 BEUESE o
TR WA B R T M T I SR ) e 5 B R 43, TR R

%{ [

PR VAR A iR BE AR . A T AR M 2t 5t i
R Elcentro 3§ Taft 5 Fl— 4% 1 ifg A T3, F45050
10 ~30 Hz, Hrb 22 8 Hb 7% B b 5% 3 5 K AE
M35 mm/s® 5 S L R A R B KA M 220
Elcentro i 1 Taft 3% A B[] A 40 s, AT
Dy AR )y 35 s, B[] 25K R 0. 02 s

S P E N e R R RS Y
Jo i O RIS v B, FESL T b S 6 il A )R
(18T T 2 1 553 T2 JE 55 S 8 LA 5 LRSI T R . AR S
B OURESR AR W 2 RE A E T S A =, -
30 S A NIy S oty S A A A DL R A T U
AHIE], WL 4,

2
mm/s”

\"\n\\|
@ \n\\
® ZC3
% 20y " e et 7C2 Aol
D,
- e 2C5
g ZC7 7C7 Qll
® @ ® © O® ©® O
e 6 ® 6 O ® © @ O OO ZCl 72 ZC3 7C4 7G5 ZC6 yieil
(a) CFEF- A H (b) 7 8 37 1 A K
B4 ZHEHREE

3 BARITRELGR B Br
3.1 Z5HNITES

(1) Jale XX =AH R AT #0415
T AR 10 B J 5] R X N A BT, A S
R o MIEXS HORT A, SR G S A B e S
FEROSS AR TSR A5 K ) JL S KA T AR 22, iR
3 AR AT B i i S A A S A S S A A ]
FWIR S AT LAS s 5 A A I JZ

—e— 4l HE 48
—— U S A A
—A— [ Jig} S 45 HE 42

e 71

5 BIEZREHL

(2) 2N i1 o Zad A BROC T BT, 25 2 119
JEOERSFANIE 6 Fiias . RG0S , SAE S A
RRJZNLAE M 17735, T Z e KALFE T 46. 85
mm ; 518 37 FEAE SRR 5 KR A% £ O 171295, Tl

JEE A RS 28. 20 mm ; Byt i) SCAEARE RS £ K
JENIRS S0 171331, UZ e KA 0 27. 06 mm,

10
8 L
e O f
£,
—— 4l ffE 4
o | e S
—h— 97 Jif ol S 4 HE 4

0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016
i

6 HIERZEMLEALL

P BT AT R0, SR FH S AT DARRAIR &35 #4) 9 T 1, 34
TSR SER R RI R , ARG 2 [ 12 7% £ LA K T2 fie K
i F% , T BE B B 2544 i Ah T 5 B B, >R FH 383 =2 3
TS S Sz Pk TR 22 R, 7 i ol < 45 A 1 g A
B IR REEROR
3.2 EHgTEEBERIEA

ST A ST R B0 3 vl , 3238 S $HE 4
137 it o iz PEEAE 0 A 5 4 0 A AR A0 H, 4
ST 22308 72 0 50 b 72 o 5 = ek R R i
BORMEFTIRABIS

(1) Zi@ % (35 mm/s®) , 38 37 45 R AE 4L



208 bi N G IS S I

2016 4

AL et Stz P A QR A A | 43 1) 7E 22 38 b 7% it
3 ol R U I T2 A7 RS A | TO0J22 o 3k {1 ) 4 S
SENGER VN

H12 2 AT 0L 7E 2B MU T, R B i ih S 4 AE
R 5 R T2 7 B (R RIS 8 1 SR P 3 S e
BRI B/, - Y RRAR 10% 1 11% 2245, D/ NI
JE N o BB I S ARAE SR 45 F 7 22 38 1 7%
W Brh s MR AR A 20 i, R R 58 S P A HE ZL 45 4

-~ Ml SR 195 et o S 4 HE S

, M# /mm

(a) Elcentroi i Ti Jz: 7 #

r — Wl S HHERL

(b) Tafty i 10 )2 17 7% (&

HALE , JURPEREARTS B U A 5 w5 , LB BB it it =2
FERZ I AR IR FERERCR .

K9 B7n g 22 8 bR i, SR FH By e it S #EAE 28
JERJZ Bs i it SCHEAE 3 Bh R I B A FEREH 0] il 28
TE 3 FRCHIER T, B i il SR RE AR [0 i £k 51
it , 23T ELER , U B By St it S 4% PN e R o3 O R
IRF 5E 2 JE A, D FE RE M RE I R AT BUAR 4
REL

155 ity S FEAE S 20 - -
—— MR

91 Jih o1 S FEAE S8

IFIE) /s

(e) N T Tz A i

B7 Z@EMETHEMCBE

1000 1 503 e 42— B i o 2 R 1000 [ 06 4 e e
" s00f | 500
£ £
£ £
0 oM
e 5 40 1
& 00 I /s H 500
-1000 L -1000

(a) Elcentrod I Tl JZ A {E

(b) Taftd I T2 A7 B {H

93 i 1t S P HE 4R

DI E 1200 1 96630 3 e 4

Bk / (mm e« s7)

(e) NTRMTZAABE

B8 ZiBMETHREINEE
R2 ZEMBERILER

o T2 fe KA A5 {E/ mm T2 RN/ (mm -+ s72)
3i% : - N - : . - -
7 WE SRS PSR BRIRR/ % TE AR PR BRIRR/ %
Elcentro % 13.90 12.38 10.9 786. 94 702.02 10.8
Taft ) 16.31 14.29 12.3 861.87 680.23 12.7
AT 14.29 12.90 9.3 801.98 717.57 10.5
600 600 400
400 400 ;gg
z 20 Z 20 Z 100
R 0 g 0 R 0
& 200 £ 200 F 00
400 -400 200
-600 L ' s ' L , -600 ) ) ) . . ) -300 L . . . . . L )
06 04 02 0 02 04 06 06 04 02 0 02 04 06 04 03 -02-01 0 01 02 03 04

A7 / mm
(a) Elcentrodf N BRByF 1] i 2%

T A7 8% / mm
(b) TaftJ FBRB ] (i £k

AR / mm
(c) NI BRByE ] 2k

9 ZBME TR IEREEE Rk

(2) B HLRR (220 mm/s™) 3 S EEHIHE L
AR RIS JEE fhh 2 5 AR 2RSS TR, 73 Sl A 22 388 3 72
3 i R T TOUZ (RS (R TOUZ i sk B2 (B A 45 2R
K10 & 11 fo o

H1 3 AL, TR R T, SR BT J i S #AE
DR B R T JZA57 % AEL AT J3E 2050 T S P 2R 2
A A /N, e f KR AT DL FEAIR 50% A1 35% 7
Ao RUIBTJ h SCHE HIHESRAE AL BT 1 S P AE



G521

B 93,5 i SR S HER S R PR TERE W B 5L

209

IRES R TR 5538 M = By B iR P BEAR BIAR K AY P
I B Byt i SR B AR G M I R FERERICR

L LTk  AE B MR B AR AR S 4
2t AJE A RE B B, SCHE N S OC AR TR T AR
ARR— I M RERE 1, 153 RE A8 T 4 ) ORIk T AACHE

ZREER )B4

12 s 5l = 1, By S R A RE T
ML, 75 3 MRzl T, i (o] i 2 AR 1R 3 , 2=
7 Je S A% AR L 22 i A, LR AR RE PE RE A R AR
G BRI

40 - 30 S PRAE S —— 7 o S HE A 40 [ —— 3 ST HHE 40— BI7 i S HE 4 40
. 20 20
g LI E
5 = 220 E=)
) -40 -20
405 (@) Blcentrol M TR AR (K 60 5 (b TafeRH TR 40
B 10 F@EMETHEMBE
2500 g e e A —— W ISR 2000 [ el S e I SR AE 2500
~ 2000f ~ 2000 F 2000 +
“w 1500 F “m 1500 2 1500 F
= looor = 1000} 2 1000 b
£ 500 K g 500 E 500 F
Z 0 0 ‘ S0
= -500 = -500 3 640 = -500
2 -1000 f & -1000 } Wiz 2 -1000 |
= -1500 = -1500 | -1500 |
-2000 -2000 - -2000 |
-2500 % (a) Elcentro It T J5% i d J& 1 2500 (b)) Taftd I T 0k B (i -2500 b Ced A 3% I T50 2% o 3k FE
B 11 FBETTEMEE
®3 FBHMELERILE
WK T2 R KA AS (H/mm TR NHE/ (mm - s2)
- W SZAEAESE P AR BRIRR/ % T SRS P AR RRIR/ %
Elcentro 31.84 18.18 42.9 1994.77 1240. 82 37.8
Taft J 37.98 17.06 55.1 2152.52 1443.62 32.9
ATk 37.98 17.34 51.6 2402. 46 1512. 46 37.1
1000 1000
500
Z 500 g o Z 500
= 0 R R 0
£ -500 & -500 & -500
-1000 -1000 -1000
-1500 1 L 1 1 L 1 1 L ] -1500 1 L 1 L L 1 -1500 L L L L 1 L L Il
3224 -1.6-08 0 08 1.6 24 32 40 -40-32-24 -16 -08 0 08 16 24 3224 -16 08 0 08 1.6 24 32
AR / mm AL E / mm A / mm
(a) Elcentro I BRB [H] i £k (b) Taftif I BRBy 1] fHh £ (e) AL BRBu ] 4k
B 12 FBhETHEHIEREND ML

4 &5 w

(1) SR SZEEMEZR ) JE 30 L 2 0] 057 % 5 4l AE
BRAAG B A, U BA R FH S mT LK i 4 IR 25 44 11
WIEE , $2 = HPT R M fE .

(2) TEZHMET , 5388 L WHELLA L, B
et PR S 4 XA 2 10 o R T2 7 RS AL ekt B8 ¥4 oy

BB/ AL/ NI SE AN R o AR REHIT 1] il 2 B0 i °F, %
W5 Jee it S P RO AR REE REAR S BIR LF st A

(3) TR T, By ih SRR S 1 e K
T2 (AL (L T e 52 A3 S A A ME SR A AR
DR BE BRI/ AN o FE R 101 H 2 S0 =3 , SR W75
LT, By SR RS % RO RERE S



210 bi i S ) S I

2016 4

B2k

(1] PR 53 T B4 ) et it S 64 0“7 B B G0
WFFE[D]. FifF . W Tk, 2004.

(2] B8 B 5, RAEAR, 45, ik Y XU A 24 TR T 1 S 45
WEHFE [ T]. HEHE #4112, 2014,35(9) :90 - 97.

[31 Bots, o AR WS . By it FERE Y S it T ik i
WEFE[T]. EEHIEH 41,2008 ,29 (1) :40 - 48.

[4] Tsai K C, Hwang Y C, Weng C S, et al. Experimental
tests of large scale buckling restrained braces and frames
[C]//. Proceedings, Passive Control Symposium, Decem-
ber, Tokyo Institute of Technology, Tokyo,Japan 2002.

(5] FBEM, QVEM , 4458, 55 450 1Y FERE R 5 By J ih
SHE[T]. dsgEHy ,2005, 35(8) .18 —23.

(6] XUEM. Bl i it S 4% K By i it S P AN AE AR BT BB AIF 5T

[D]. dbmt 348K ,2005.

(7] 7™ 21,0 WS, £ouis, 55 —F B2 M i S EFERetkne
RIIFE[ ) ], B4R ,2012,33(11) ;142 - 149.

(8] STHHBH, B KWI, 5Kk 5. B e fly <57 25 50 HE 2030 1t 72 00 1)
BIBAE T[], AR TR ,2013,46(S1) .7 - 12.

[9] &% B, TREMR. By M S AR AR T ik i ss [ 1], #450

£5H,2010, 40(1) ; 38 —43 +85.

[10] HER,ZRE, HWEFRMHE, 5. BiE ih 2 #0748 Rt
L S I M AR AT T [0 ). Bl 9k T 244t , 2012,
32(2):145 - 151 +175.

(1] T 7, 5 5k, R, 55, TSIE NI B0 i ih S e 14
FFRGEIGRE[)]. +K THE7,2010,43(4) :1 -7,

[12] B 1R, FI0iE, AR CHAR B =0 2 5 EM s bt
FRTERRMZIR /T[] 54544 ,2005(5) 41 -4 +21.

R e e e e ) e e e e e e L e = ) ==

(L% 204 W)

[14] Lucas J. Up wind project: comparison of first and second-
order hydrodynamic results for floating offshore wind struc-
tures[ C]. Garrad Hassan & Partners Ltd, UK, Bristol,
2011.

[15] Agarwal P. Simulation structural reliability offshore wind
turbines[ D]. Austin; University of Texas, 2008.

[16] Goupee A J, Koo B, Kimball R W, et al. Experimental
Comparison of three floating wind turbine concepts[ C] //.
Proceedings of the 31st International Conference on O-
cean, Offshore and Arctic Engineering, Rio de Janeiro,
Brazil, 2012.

[17] Goupee A J, Koo B, Lambrakos K F and Kimball R W.
Offshore wind energy: Model tests for three floating wind
turbine concepts [ C] //. Proceedings of the Offshore
Technology Conference held in Houston, Texas, USA,
2012.

(18] XUBEH, Z . MR SR H iz s Big [ M]. 1

g« Vi S R A, 1987

[19] Nielsen F G, Hanson T D, Skaare B. Integrated dynamic
analysis of floating offshore wind turbines[ C] //. In 25th
International Conference on Ocean Offshore and Arctic
Engineering, Germany, Hamburg, 2006 .

[20] Larsen K, Sandvik P C. Efficient methods for the calcula-
tion of dynamic mooring line tension EUROMS 90[ C] /.
The First European Offshore Mechanical Symposium,
Trondheim, Norway, 1990.

[21] Jonkman J, Matha D. A quantitative comparison of the re-
sponses of three floating platforms[ C] //. National Re-
newable Energy Laboratory, Stockholm, Sweden, 2009.

[22] Jonkman J M, Buhl M L. FAST User’s Guide [ M ].
Golden, CO: National Renewable Energy Laboratory,
2005.

(23] X1 % SbCr SOXBLES AL B B 43 B ik B9 [ D]
b RiEATE KR, 2014.



