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Collapse mechanism of steel two-tiered braced frames under cyclic load
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Abstract: The hysteretic behavior and collapse mechanism of steel two-tiered braced frames ( STBF) under rare
earthquake was studied. Quasi-static test was conducted on a 1/2-scale STBF, and numerical simulation was
carried out for 31 validated models of STBF. The failure mode, deformation, and internal force of STBF under
cyclic load were analyzed. The influences of parameters on the collapse mechanism of STBF were investigated,
including the load on the top of the column, slenderness ratio, diameter—thickness ratio, and tier-height ratio of
braced frames. Results show that the bracing failure of STBF under cyclic load was primarily in one tier. The tier
underwent a larger buckling deformation outside the brace plane, which might develop to fracture failure. The
column experienced in-plane bending moment due to the asynchronous failure of upper and lower braces. With the
increase in the tier-height ratio, the energy dissipation capacity of STBF increased. When the axial compression
ratio was larger than 0. 5 or the tier-height ratio of the braced frame was less than 0.5, STBF was damaged
prematurely due to the instability of columns. Therefore, it is recommended that the axial compression ratio of the
column should not be larger than 0.5, and the tier-height ratio should not be less than 0. 5.
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collapse mechanism

[ICHIZRESHG N B T AR Ry il Tk
BETR L35 TR b S PSR T SR s )iz
PTG RAES . AT TR v, b
(] SCHE SR PR UESS A I 10 ] B RIIRHT I 17 7K - i A
FARAZ AR 388 o SCHE KO R R T
o T 1T 2R A5 e 3 T 1) e, 3o L i
MIRFFEAINS B = o JCHAEPUR=PERE TS i, BT 2 2
A PR W4 T R AR R R AR B

i A 2022 -01 - 12

HEEWB : P RHIT B AR EIARAF T 11400 (2018)M5123)
PEE B : ZEINM8(1995—) , 55 A5 s

BIE1EE . 404, ranhd@ 163. com

BRI S 10 S T T SR Y RV R G R
BF5E . BRI G S0 R B = 112 R
WA A B B0 HLE , GB 51022—2015 (]
R 2Lt 50 B3 R A 2 R e AR ) ) P U SR G
PR S AT, 9T T BRGNP R 7 v
FISEBHLE . BT Y 2016 i GB 50011—2010
(CREFPURBSTH) AIE R R hs
LT LA B 37 X 2 2 0 9 VR A e A 2
JE TV BN BRI T e BRI RLE

53— 5 T, 225 10 2 A R SR FH 22 2 A )
SEHE PG RAE R ] S R £ 2 R ] S T A
SRR A F /N 6 R B A 200N A 19 S T S K



%10 4

BN , 45  SUZAE ) SCHERESRAEG AT 40 T B s LB - 119 -

B B B2 A G0 Ak es o SCk[ 13 - 15 J5@ 3
AR A3 BT AR 43 BT 0 22 )2 A 1) S EERE AR A Al 47T
RAERERET T . KBAEFEMEEH T, BT
2 R W) SCHERE AR vh £ 2 SR 2 5 1 R/NAS ]
WSS 2 SRR A e h W R TR T
HESS R IR, BT S 0 2 AR I 1 7K 22 S 58 T
A EEAEAT, BB T A5 R B RS S L, =
A K A ST TN R AR R (R R B, SR T 5%
S5 i B R YA

PR, A SO P8 XT 1 AN 172 45 R STBF #4716
NI I, W1 7R T 22 )2 HE 0] S e 20 7
T M R T 0 B IR R SR R M e AR R SR
ABAQUS %57 1 STBF 58, 43 H1 T STBF fyfi AR
BTG N T, 0T T AT fr 28 SR AN L 3
PR AR JE L A2 5 AF S EO i NP3 Y 52
e, S 1 X RIBRZE A N iR i e 2%
1 R WT®
L1 RFigit

I T 1 4~ 172 45 R STBF il 4, A4,
Fa R FPH 20 i G4 BT TR 2R M S5k T 7,
J SR 18 m G K BE 42 m, A B T8 Al 1R
PR ORERE 6 m, FETH 9 m, WAL RHRYEE 1110,
FEAFES A PR T AT ) S, 1 8 S R S S
AHIE AR LY STBF A A SCRIF X 42, WKL 1,
7 PR S5 7 7 M RN 0 2K 1% 45 4 R R, X STBF it
RIZERY PEAT 172 40 R, 46 RO Je 2 250 0 RSF I
1, WU RS ULIE 2, R 8 Tl iR i g6 45
EI s R T SRR 95

Bl RXHEEE
Fig.1 Sampling position of specimens

&1 FEMHERS

Tab.1 Dimensions of members mm
FE M J5 7Y EIN
L33 H500 x250 x8 x 12 H250 x 125 x4 x6
X% @83 x6 D42 x3
SN D96 x6 @48 x3

1.2 #FwliERE
AR Q2358 9 A AR 22 9 48 0 42 1T i

PP E 2 5 STBE 3578 [A) 4t 80 b4 il 117 , 45
WA 2, BB A AR BE T2 18

—

P

1400

4500

PN —

3000

1 3000 1

B2 {HLAR (mm)
Fig.2 Dimensions of specimens ( mm)
x2 WIS LR

Tab.2 Mechanical properties of steel

ke JERE SRS/ PRisRED/ MRS R/
g (4ME)/mm MPa MPa 10°MPa %
307 452 2.10 32.53
M A
295 459 2.10 33.11
42 313 375 2.15 23.33
EH
48 350 439 2.11 22.50

1.3 RERESMEHE

UG UL 3, BRT S0 S A 1, il 5
TR AR A Toth £y 2 ol A Mo o
JERY i i MR 5 M R B A, b R o e [ E TS
Br=s 6 0, MR P i BT R, By 1B R P Y
R o P HE SR RO AE T AS £6 N 80 A v £t
FF— 20, 8 i SR SRR RO AL D 4. W B
IR R A HIAMRAR, FEAE TIN5 S 45 dad [
TE T BRSSP B E R AP 2k

TR0 SR AT 4 — 78 XUH 0 o e O ik
e 245 i B BE , B A AR A 1A, B Rl
Mo A T e oA P S A% 4 a2, 57 3% 1 8
MO A, BHAEER 3 A, B 2= IR, gkl 5
DLIE 4
L4 MEFFE

AETIUK P fi 28 A 2l 2 P B0 A5 T Dl o o ol
i 3 ANEAS TN B AL OO B8 AR 6] 32 78, I ek 0]
PR IS A LI 5. 7E T RE TR B8 M B
LRI LI R A AR A AT B AR R, ULIET 6



Fig.4 Loading history
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Fig.5 Arrangement of displacement gauges
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Tab.3 Comparison between finite element results and test results
Je I s WA A e R A
T
F,/kN A /mm F../kN A,/ mm F./kN A,/mm
REW g 86. 95 9.99 92. 60 11.23 78.71 14. 00
AHIRJT 97.72 10. 45 101. 00 10.97 85.85 13.73
/A BRoT 0.89 0. 96 0.92 1.02 0.92 1.02

TP, Ay I B BB LIRS F s A I BT BSOS RIS F A, A RS 2RO 74

4 AR
4.1 K&t
4.1.1 BASE it
STBF A FRIuiX A K 1 frs o m ER R

AMIZE B 345 9 000 mm, 4 6 000 mm, JZ
FHC(STBF () E2)ZEm by 5 TEZER h, ZH) R
0.5, FEJZE 3000 mm, FJZZ% 6 000 mm, T
SERR AR AR TR FH A il 0 B S AT A S A
TR Tt 0l ) S S P TA M S5 . BlE



- 124 - S N T A N - ¢

554 &

FEI no= 0.2, D) i i) 3l g k< N = 0. 21, A5 i O
HEH e =400 mm , W] Jiti ot (1) =2 45 V- T A0 2 0
M = Ne ,BASE X {F I EASHILEK 4,

£S5 UEHMEHNKHEEESH
Tab.5 Main parameters of specimens subject to

different loads on top of column
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X
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EviE R - : KAALE A IR D/t JEwE Ry /Dy
hy hy LR TREX#
CXB -1 3 000 6 000 95 x5.5 95 x5.5 134 17.27 0.5
CXB -2 3 000 6 000 85 x5 85 x5 150 17. 00 0.5
CXB -3 3 000 6 000 68 x4 68 x4 187 17. 00 0.5
JHB -1 3 000 6 000 76 x6 76 x6 171 12. 67 0.5
JHB -2 3 000 6 000 76 x3.5 76 x3.5 165 21.71 0.5
JHB -3 3 000 6 000 76 x3 76 x3 164 25.33 0.5
CGB -1 2 000 7 000 65 x4 83 x5 167 16. 25 0.3
CGB -2 4 000 5 000 89 x5.5 70 x4 169 16. 18 0.8
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Fig. 16 Skeleton curves of specimens with different eccentricity and same axial compression ratio
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Fig. 17 Accumulative energy dissipation of specimens with different eccentricity and same axial compression ratio
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