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Performance analysis of a new type of perforated cross-core
concrete-filled steel tube buckling-restrained brace

ZHUANG Zixuan, ZHOU Yun, CAO Yongsheng, LIN Yihuang

(School of Civil Engineering and Transportation, Guangzhou University, Guangzhou 510006, China)

Abstract: Aiming at the problems of random failure position, large amount of steel cutting and excessive welding
length of traditional cross-core concrete-filled steel tube buckling-restrained brace ( CSBRB), a new type of
perforated cross-core concrete-filled steel tube buckling-restrained brace (PCSBRB) is proposed in this paper. The
structure and characteristics of PCSBRB are introduced, and the calculation equation of basic mechanical
parameters is given. Six groups of PCSBRB models with different opening parameters and one group of CSBRB
models are designed, and the quasi-static finite element analysis is carried out by ABAQUS software. The effects of
the structural rationality of PCSBRB, the opening ratio and the number of openings on the mechanical properties,
energy dissipation performance, stress distribution, high-order deformation characteristics, in-plane instability of
the opening section and the equivalent cumulative plastic strain of PCSBRB are studied. The analysis results show

that the structure of PCSBRB is reasonable, and the bearing capacity and energy dissipation performance are similar
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to those of CSBRB. The yield area of PCSBRB is located in the opening section, which has the advantages of fixed-

point yield and multi-point energy dissipation. The hysteresis curves of PCSBRB with reasonable design is stable,
lower welding cost.

full and symmetrical. For PSCBRB with too small opening rate, the stress is concentrated at the limit hole, and the
of openings

purpose of fixed-point yielding cannot be achieved. For PCSBRB with too large opening rate, the opening section is

prone to in-plane instability, resulting in a decrease in the bearing capacity of PCSBRB. The opening rate of
PCSBRB should be 33% ~50%. When the total length of the opening section is 1500 mm, the number of openings

Ell

[

is set to 4~8, and the performance is similar. Compared with CSBRB, PCSBRB has higher material utilization and
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Fig.1 Construction of PCSBRB and CSBRB
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Table 1  Specific parameters of PCSBRB

LB EFFFLEL
R FHALE n FFHL#/ %
ELy/mm A)/mm2 3L, /mm 3L,/mm 3L;/mm A |/mm2

PCSBRBI 4 33 1500 1600 400 200 100 2336
PCSBRB2 6 20 1500 1920 400 200 100 2336
PCSBRB3 6 33 1500 1600 400 200 100 2336
PCSBRB4 6 50 1500 1200 400 200 100 2336
PCSBRB5 8 33 1500 1600 400 200 100 2336

PCSBRB6 6 70 1500 720 400 200 100 2336
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&2 CSBRB &3
Table 2 Specific parameters of CSBRB

Ji M B BB i P FRAZ AR 1
N
3L,/mm A,/mm’ 3L, /mm A,/ mm? SL,/mm A/ mm? 3L;/mm A3/ mm?
CSBRB 1500 1600 360 2336 280 1944.84 60 2240
®3 BEHREIENFSH
Table 3 Mechanical parameters of BRBs
fEvs BRI/ (KN/mm)  J#IRSI/KN Ja IRALFS/mm GV WIRNIEE/ (KN/mm) i RSI/KN B RALES/mm

CSBRB 163.19 456.0 2.79 PCSBRB4 132.93 342.0 2.57
PCSBRBI1 166.51 456.0 2.74 PCSBRBS 166.51 456.0 2.74
PCSBRB2 190.58 547.2 2.87 PCSBRB6 86.45 205.2 2.37
PCSBRB3 166.51 456.0 2.74
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JUEHLN C3DSI, e 5 7 1) b3l 70— 2 WS 5 TR BE 1+ 9 WA TR 290 40 mm, BLICIERL D C3D8R,

A FRITAE T ) WA ] 23 UL 3

(a) BoLHoTRIg I 23R 3 K (b)) HEUR MRS 53R R
3 PCSBRB [ig%l4%
Fig.3 Mesh subdivision of PCSBRB
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KAZSHCH 30°, B 0AH0.1, K RECH 0.667,
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Table 4 Parameters of steel constitutive model

JARS 0,/MPa c, v, c, v, Cs Y3 E_./GPa v

Q235 250 10000 100 12000 320 4000 1000 206 0.3

oy WBIRNTT; €, AEH—FES R ARy, R —BESRALIN T C, o5 —REshm bR ; v, 8 —REshmikd 7 ¢, A=
BB 5 AT sy, S EE = RESNERAL I 75 B, AR PR o 9B L

34 BEMXR
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T e A RE S A 10 1 SR, Sk AL BB FE il 28, B
DL AR IR (AT A, 2R, T3 B3 mm)
SR TNAS MR A 1 i E AT 84 0RO 2, BIAE A (3 mm) (24,
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E I 1 P, Fig.4 End coupling
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Fig.5 Hysteresis curves of test and simulation
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Fig.6 Hysteresis curves
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Fig.7 Skeleton curves

T 3o A% AR R ] 2R S 2R 2R A5 A BRB I 1A S 80, BURBE WL 5. s Rl A BRoT
GRSt R TR IR A% i IR 0 LA R aG W, 5 e T A SR sRAS A AH 25 AR K, v i IR, B8 Je K 2218
2.55% , JE MR T I KN 6.87% ,WITRNI B K2ZEE N 5.97% . FWAK (1) ~ K (4) P20 FZ T 240
RIS R G,

x5 ARTEBGSHHNBEMREENESH
Table 5 Mechanical parameters of BRBs by finite element simulation

N 45 I 3 . et M S W g IR BR TR REAS

ZNES Ji AR A1/ kN /(N mm) i 37/ mm 7 (kN/mm) FriTN BN 83
CSBRBI1 453.43(-0.56%) 162.15(-0.64%) 2.796(0.22%) 12.43 695.81 =746.92 1.07
PCSBRB1 452.69(-0.73%) 161.56(-2.97%) 2.802(2.26%) 13.99 693.94 —785.92 1.13
PCSBRB2 529.11(-3.31%) 187.56(-1.58%) 2.821(-1.71%) 16.09 822.72 -921.29 1.12
PCSBRB3 450.16(-1.28%) 160.60( -3.55%) 2.803(2.30%) 14.96 693.18 —-788.38 1.14
PCSBRB4 318.50(-6.87%) 125.00(=5.97%) 2.548(-0.86%) 10.85 498.99 -597.50 1.20
PCSBRBS 451.29(-1.03%) 160.60( -3.55%) 2.810(2.55%) 14.68 691.58 -801.60 1.16
PCSBRB6 197.91(-3.55%) 82.53(-4.53%) 2.398(1.18%) 4.87 293.12 -326.19 1.11
T R AP WEE Y BIE A SO S A BROT T TR E A 22 53 1 0 b, T3 3= (R BT - BHe () / B i,

4.2 HEARHERY
PLEAI 5] R BRGE(8) BEATIHEE
Pmax
B = (8)

Tmax
Kby P AW BRATE T, i RT3 B S B S A R # AN AR 2, B (AR, 3R W] BRB 1Y
W BR A AR 2 1B S- 7, BRB P A7 %548 BRB (454 11 5 2 A A Y, o HOER RV FIEELA
FICATE SR b A RS S AR SR S R R AR T R AREE R 152 01, LRS- g 45 454
BTS2 RN 45 AU AL 7 AN Y 5] 250 B W

1) 7EJFFLS AR IR FL X B 2 F , PCSBRB1 , PCSBRB3 i1 PCSBRB5 1) 8 {43 %0 1.13 [ 1.14 F1 1.16, T
CSBRB Y B{EH M 1.06, BAHZE(HIR KN 9.4% , F WX #2047 240 LIS , %F BRB FUH TR AN 5] R 5L
HAT B | 23530 PCSBRB HYFLEA S REUE K

2) FEFFFLANEOG B4 P, PCSBRB 11 B B Bl & L3 2 mis K 8 B E 226 KK 2.6% , FFFLA
B B AEFZW N

3) FEFF LA B % B2, PCSBRB2 ,PCSBRB3 1l PCSBRB4 11 B {43120 1.12 1.14 1 1.20, B {H2
I KR 6.7% , 72 B G ILASEAH [T B (B % HFFLAR 3SR K

4) BSRLL 1 PCSBRB 1 B {EXT [t CSBRB A —E 14 K, (HHRWH & T/CECS 817—2021 Jii it £ 3 3 £ v FH
BORKUARY ' R IF sk BRB 4 B {H7E 1.30 P,
4.3 EMFHERREH

G HLE 25 L T BRB (WFERERE ST, ¢ (EMOK, KW BRB I/ WFERERE ST 858 . 41> BRB 7£
AR IRIE T SRR E 240 ¢ WL 8, HIEIW 1, PCSBRB 5 CSBRB Y45 A5 Ak B REHZE A K,
CSBRB M550k BHJE 2 2 =1 T PCSBRB (1Y (HAH2E B KAEH 4.2% ,7E 5% LA . W] PCSBRB HUFERERE
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Fig.8 Equivalent viscous damping coefficients

4.4 MAHTH

PCSBRB 5 CSBRB 7ERHIEE A 30 mm KBS J7 4045 WL 9, ¢ B AT 1

1) ZEFAL S5 AT LA IRZH  , CSBRB W 1 KA A 519.00 MPa, {37 T FRA7 45 115848 kb | ELAT B S i) 1% F7 42
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Fig.9 Stress distribution
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Fig. 10 High-order deformation characteristics
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Fig. 11  Development process of in-plane buckling instability of core unit
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Table 6 PCSBRB critical load and compressive capacity under compression amplitude of 30 mm

BRI FR (FFLAR) i S Ar 8 F, /KN 5 R I1/kN BRAFROFALE) AP, /KN 32 HIRE T1/kN

PCSBRBI1(33%) 825.65 785.92 PCSBRB4(50% ) 779.89 597.50
PCSBRB2(20% ) 1277.76 921.29 PCSBRB5(33%) 1651.30 801.60
PCSBRB3(33%) 1238.48 788.38 PCSBRB6(70% ) 235.84 326.19
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Fig. 12 Equivalent cumulative plastic strain( PEEQ)
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Table 7 Comparison of material and welding quantity of the core between CSBRB and PCSBRB3

N MR/ em? HFER/ em’® BEHF %/ % JEBEK E/mm
CSBRB 5280 1312.0 75.15 2200
PCSBRB3 5280 1148.4 78.25 900
SN
5 4ig
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LB L Ty 2k e FEREMERE LN 1 A0 | R B AR TR ARRAE P ALBE I P SRR 52 DA R S sk SRR IR 1 1 AR 1) 5%
MR A3 240 T 4598 .
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