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Study on hysteretic behavior of tapered concrete-filled double
skin steel tubular beam-columns with large hollow ratio

Shi Yanli  Ji Sunhang Wang Wenda Zhang Chen Fan Jiahao

(Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: To study the hysteretic behavior of tapered concrete-filled double skin steel tubular( CFDST) beam-columns
with large hollow ratio, a total of ten tapered CFDST specimens, including eight cyclic loading specimens and two
monotonic loading specimens, were tested. The influence of hollow ratio (0. 6 and 0. 8) and axial compression ratio(0,
0.2, 0.4 and 0. 6) on the failure modes, the P-A relationship curves and hysteresis performance of specimens were
investigated , respectively. A numerical model for the specimens under monotonic loading was also established to analyze
the working mechanism of the beam-columns. Finally, the simplified calculation method for the lateral bearing capacity of
tapered CFDST beam-columns was discussed. The test results show that the damage patterns of the specimens with
different hollow ratio are basically same, and local damage with different extents was observed at the lower part of the
specimens. The P-A curves of specimens under the cyclic loading are relatively full, showing a good seismic performance
of tested specimens. The hollow ratio(0. 6 and 0. 8) has little effect on the lateral capacity and ductility, and the peak
load of two specimens with different hollow ratio differs by about 3% on average. As the axial compression ratio increases,
the ultimate load decreases and the ductility gradually deteriorates. The strength degradation of all cyclic loading
specimens is slight, but a more significant stiffness degradation occurs for the specimen with a hollow ratio of 0. 8. The
average displacement ductility coefficient of the tested specimens is 3. 56 while the average value of the viscous damping
coefficient is 0. 322, which shows that the CFDST specimens better energy dissipation behavior. When the hollow ratio

incease from 0. 6 to 0. 8, the viscous damping coefficient of the specimens increases by 15% on average.
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Table 1 Parameters and results of specimens

. dyXt; d,xt; N P P P
BEORERT ) () () RS T E S, # "
1 CFDST-T-6-0C 150%3 120%3 0 0 0.6 90.9 84.9 72.3 4.76 0.339
2 CFDST-T-6-2C 150%3 120x3 0.2 434 0.6 86. 6 82.5 102. 7 4. 87 0.324
3 CFDST-T-6-4C 150%3 120x3 0.4 868 0.6 79.6 72.5 69.2 2.85 0. 282
4 CFDST-T-6-6C 150%3 120x3 0.6 1302 0.6 59.6 50.8 44.17 2.69 0. 289
5 CFDST-T-6-2M 150%3 120%3 0.2 434 0.6 85.3 82.5 102.7 3.72 —
6 CFDST-T-8-0C 200x3 170x3 0 0 0.8 91.9 82.3 77.2 — —
7 CFDST-T-8-2C 200x3 170x3 0.2 349 0.8 87.3 85.7 75.9 4. 15 0. 353
8 CFDST-T-8-4C 200x3 170%x3 0.4 698 0.8 74.7 73.0 54.6 2.71 0. 347
9 CFDST-T-8-6C 200%3 170%3 0.6 1047 0.8 54. 1 50. 8 33.4 2.91 0.323
10 CFDST-T-8-2M 200x3 170x3 0.2 349 0.8 87.5 85.7 75.9 3.22 —

BIAETE N . AN H 3mm JEE) Q235 FRARE: il i
B, IR AR I e 7 I R i A b AR A, ]
DRI IE , NL AMNE Z R AT €50 1 2% SR
BELIHTRES, Ve = KJn s R TR+ R TR
2, R FH o R e b X 3 TS TR R - R AT RN
Frde R IREE 08 AL 5 R TS 4, Rl 1(a) iy
o APRIEN | SMNEE K iR B+ RE g 3L [F 22
W bt 5, AMNAE ST, SRS S
bR R AT, KRR ANE S ik 1Y)
EITER RSB R, B 1(b) Fis e
Je A L Sl

E1 mIEMRE

Fig. 1 The specimen after processing
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Fig. 2 Schematic and photo of testing setup
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Fig. 4 Typical failure modes of outer steel tube
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Fig.7 P-A curves of the beam-columns

2.3 P-ABZEMEE

&l 8 S it 11 5 a8 B A iy P-A i [l il e )
HHRLL, [FIEE S R IR R P-A 2R AR A T
Fo, ATLAE Y, PIRNAS [F] 250 R A4 19 P-A B 32 il
LILBHEL,, WERBA “S” B, ARGE IR0
HRMEAE N B RS, D T
BB, SOk By BERD YR B BE L R Bl L3O,
P-AB R Z M (A 2%, JEPR B AR 25, X2
PR AR 19 B 8007 i o il B G 2R T B R, It
Gb, R 2 AR P-A 2 S A
TFH P-A BREILE 3, MERBMEILTES,
AR far AR AH I, AR S WM & — 20,
IR LEPERE 25

2 2 B IR R AR L, A4S R IR AT 3R P
WA AT 28, P, IR BR 7 28 P, LK I 16 e AR A7 B%
A, VEERIRE A R RIS A, o 1 BR A 48 UK 24
TR 85% P, WX R O 28, BT A 4R A1 i (L
1B WA gy ) E, Hodi 4 CFDST-T-
8-2C Fll CFDST-T-8-4C 7E S ) N # F B T~ BRECH 55 5l
B AT 2 S O s, CRRAE (B ) AR AE
2.4 TIEI P-A HZREIN

K 9(a) Ias D RANFEIRIF I P-A BEEE AT H
ArUL R H AR R, AR ] 20 SR 3k 1 1 i 20 il 2k
MHZEAK, WM BILTEA, #5845
T F AT (BRI E CFDST-T-8-2C I mzkit) , X%
B2 N 0. 6 HANF] 0. 8 X ik {4 14 7 2 3 i AE M 5
M/, A A P e A I Ak, X TS
0.6 F10. 8 MHE AR, HGE 728 2440
Z4 3%,

BAPE IR P-A iZeF e anE 9(b), AT,
MR BILFE A, 250 %M Al 141

W for 2R 20, i F CFDST-T-6-2M Al CFDST-
T-8-2M 1) 06 i faf 2% 4371 4 85. 3kN Fll 87. 5kN, 448
OFM 0.6 BN 0.8 W, WE(EMTEEIN T 2.6%,
R PR T 25 O R B R R 4 CRDST 2354,
HMm AR KON EZ RN, SMRE RS, RZR
P P [f) 7R3 T SRR BN, a0 B
P RO AR AT RN S AR, P AR R Y
ZEbT UL, AR 0.6 BN E 0.8, B HEIE
CFDST HEAS K {4 A0 7R 2% g R At o 3% A W % A8 4k, 2
TR I ) PR AEG

8 MM P-AXRBRMLEIILL

Fig.8 Comparison of P-A envelope curves of specimens
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Table 2 Characteristic points of specimens

Jett e W L A B PR T

i;k‘ﬁ‘éﬁ% Py Ay anx Amux Pu Au
(kN)  (mm) (kN) (mm) (kN) (mm)

CFDST-T-6-0C 81.7 16.2 90.9 31.6 77.3 77.3

CFDST-T-6-2C 79.4 14.2 86.6 27.3 73.6 68.7

CFDST-T-6-4C 76.2 18.2 79.6 20.4 67.7 56.5

CFDST-T-6-6C 53.0 10.6 59.6 18.5 50.6 28.5

CFDST-T-6-2M 72.8 15.6 85.3 22.7 72.5 58.0

CFDST-T-8-0C 81.9 19.8 91.9 24.4

CFDST-T-8-2C 73.1 15.3 87.3 21.4 742 63.5

CFDST-T-8-4C 75.0 12,7 747 17.7 63.5 29.9

CFDST-T-8-6C 48.6 10.1 54.1 18.8 46.0 31.1

CFDST-T-8-2M 74.5 15.2  87.5 30.1 74.4 49.2

9 TLERX P-A BRI

Fig. 9 Influence of the hollow ratio on P-A curves
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Fig. 10 Effect of axial compression ratio on the ultimate load
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Fig. 11 Strength degradation of specimens
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Fig. 12 Stiffness degradation curves of specimens
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Fig. 13 Displacement ductility coefficients of cyclic specimens
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