F34EFE 11 Vol.34 No.11 T P VAl 2
20174 11 H Nov. 2017 ENGINEERING MECHANICS 59

XEHS: 1000-4750(2017)11-0059-07

= EE RSB MARTEHEERR

Ve v 1 N5 g 2 3 > b 4
TR W M, & &, XM
(A FEERFEEARTRER, dba 100084; 2. iEHEKR¥ AR T2 4 5 AL E HES950 =, Jba 100084;
3. R TR S R A A TR AR 7 G, JhRT 100084; 4. JLRIHTEES TREHF AL MA FRSTEA R, Jbat 100039)

B Ao A B B R AL Hh 2R S R DAY ROt s> SRR A SRR R AR . SR I T R Y
ZEE H AL M AR, R R REREAT SR IR T . S P RIS B T IR TN g, A RO
TR STHERERE BE 1 A S IR AT AR KIFE M o« SR A BROT IR SCEE I B PE REHEAT T 2 80 #r, IRl
HURHE S T SHEMINIEARB T AN DR RRYI GBI N =858 A 2418 h 2 AR R
FERERE AN E R ALVERE, ABRIT TS R SR RSB, BIHESS BRI A& R A X REHE 25
HH S i Rl AR _E P REAE A

KU HEAE AR AIRITBA WG, AEIERE: SRARATE

hESES: TU3S2.1+1 XEkFRERG: A doi: 10.6052/j.issn.1000-4750.2016.06.0499

HYSTERETIC BEHAVIOR OF SELF-CENTERING BUCKLING
RESTRAINED BRACES USING THREE STEEL TUBES

WANG Hai-shen® , PAN Peng? , NIE Xin®, LIU Hang*

(1. Department of Civil Engineering, Tsinghua University, Beijing 100084, China;
2. Key Laboratory of Civil Engineering Safety and Durability of China Education Ministry, Tsinghua University, Beijing 100084, China;
3. Beijing Engineering Research Center of Steel and Concrete Composite Structures, Tsinghua University, Beijing 100084, China;

4. Beijing Building Construction Research Institute Co., Ltd., Beijing 100039, China)

Abstract: Properly installed self-centering buckling restrained braces (SCBRBs) are effective to reduce residual
deformation and structural damage of building structures. In this study, an innovative SCBRB using three steel
tubes is proposed, and physical tests are conducted to study its hysteretic behavior. The effects of the initial
prestress, effective cross-section area of core tube on the energy dissipation and self-centering capacities of the
SCBRB are investigated. Parametric study are carried out by using finite element analyses, and the formulas of
stiffness and restoring force for the three-tube SCBRB are derived. The research results suggest that the three-tube
SCBRBs with appropriate design parameters have satisfactory energy dissipation and self-centering capacities.
The results of finite element analysis agree well with the test results, and the formulas of stiffness and restoring
force can accurately define the hysteresis curves of the SCBRBs.
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Fig.1 Sketch of three-tube self-centering buckling restrained
brace
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Fig.3 Deformation mode and hysteresis curve of S1



62 €T %

B4 S1 st

Fig.4 Failure mode of S1
Bl 5 % b 1 At AR 5 bl A v el b 42
BT AR RO E 3 11.27 mm, gk S2. S3 ik
PEXF L [B] 2R B3R B 11.27 mm (389 3B 47 X e
IrHTe S2 MG EAAMRAN AT LA TN /)y 150 kN,
SCHEZ R B B AR B R A g s, (EA
AR JE R B2 TGRS A IR, 148t
TSI E 2N L BE 1 AE K, i | E A7
ORI S, (R TS EM R, V16 TN A
XN, BT E BRI AR, Hokik
FEAEHEN, S2 AEIEE N 5 EME R
AW, SMERE S KBS, Wikl 6 s, S3
IS S2 B/BL, HAAE S i T AR -5 iR
AR AR, HAMNESE S Iy I R

3000 | ‘ i ! 1

2000

1000

2 JIKN

0

K

T-1000 (- - - - 205

-2000

-3000 \ \ \ | |
-15  -10 -5

3000

2000

1000

0

KA I1/KN

~1000{—----

-2000

I T S— 0 5 10 15
{7 /mm
(b) S1 5 S3 i [l i £ %} Lt
K5 S2-S3 [t [al itk 5 S1 AXT b
Fig.5 Comparison of hysteresis curves of S2-S3 to S1

K6 S2 s EETIKIMER
Fig.6 Outer tube bulging of S2

ik S3 IAH B I 55 25%, [Ht, 7[5
BT S3 WA A ik, HHEEAIREIAH
B2 o

S ARR ] AR Bl 7 AR
fe, HAEMMRARE. —EFHEMEMZ R
SCHERIIRNIEE R, B B ALAE I BB IUR TN ) i 4
UNIE: N € = o) By vk = g R AR PN
Ko SCHEHARB R FHER B BRI R 2
PAR JURUR B 1) SO A e R R R, 15 4)
GETNE JE AR BN, ToiRiE B 58 4 3 BALRR
2) SPEENIEARL, R N, §Em
XEAEALDIRERI LI 3) B TREAL, |
B R AT IR .

4 BIRTIH

T IRAMRAF R AN 2 BRI EkiG, 7R
R A T ABAQUS iy T =% H
S 20 RSP A BRI B AT S50 HT -
Bl 7 A B A ) FI T, A PR oA RN
B HBCRH S4R STHIG: TN JJNA 4K H B3l
FETL; WM AKIER ABAQUS H it 4 B IEFR
WAL A o A K40 BT SR FH AR, 3 1 i &=
200 GPa, VHFALL 0.3, SR HAH N & I 1 50 £k
P SRR, R AR AR s TS S74N 24
Leap A B 195 GPa. X TN 1AM 4 26K FH R v
WEANTRRL ST, SR N ET, i A B PRI AL 2,
AR, DT F= A TR ). S T RS2 JIHLEE,
D THE ARSI RIEA FRoc T B R siot:, AR
TUASE I o 249 BT KA e B B Al R A ok b 7 LA AR T
EEOIEREE)

A R 7053 159 2 1 v (9] ih 28 5 000 15 21 1 i
o] 2% L an P 8 i MBI AR AT DA HY, ARy
AT U5 BN 5 A i il 200 R S P 11 9 (Rl P e
BAH Rk



VAl 2 63

K17 AR AL L RS R oA Y
Fig.7 Finite element model of three tube self-centering
buckling restrained brace
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Fig.8 Comparisons of hysteresis curves by finite element
analysis and experiment
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Table 2 Major parameters of finite element models
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Fig.9 Comparisons of finite element analysis hysteresis curve
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