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Abstract; In order to study the effect of elastic support stiffness on the stability performance of rectan-
gular steel tube concrete flange I-shaped beams, stability performance tests were conducted on three rec-
tangular steel tube concrete flange I-shaped beams with different elastic support stiffnesses under con-
centrated load. The displacement and strain changes of the test beams were studied, and the instability
form and stable bearing capacity of the beams were obtained. The experimental results show that the en-
tire loading failure process is divided into three stages, namely the elastic stage, the elastic-plastic
stage, and the failure stage. All three test beams experience overall bending torsional buckling instabili-
ty. As the stiffness of the elastic support increases, the stable bearing capacity of the beam increases,
which verifies that setting elastic support can effectively improve the stable bearing capacity of the

beam. On the basis of the experimental results, nonlinear buckling analysis was conducted on the beam
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using ANSYS finite element software. The obtained stable bearing capacity is compared with the experi-

mental results, and the error is less than 5%, thus verifying the correctness of the finite element analysis

method. Finally, the influences of parameters such as concrete strength, upper flange steel content, and

web thickness ratio on the stability performance of this type of beam are studied. The results show that

increasing the steel content of the upper flange steel pipe and reducing the height to thickness ratio of

the web can significantly improve the stable bearing capacity of the beam, while enhancing the concrete

strength has a relatively small effect on the stable bearing capacity of the beam.

Key words: concrete-filled tubular flange beam; elastic bracing; overall stability; bearing capacity
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Fig. 1 Geometrical parameters of rectangular concrete-filled tubular flange I-shaped beams
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Tab.1 Actual dimensions of experimental beams
S PRSI EEXEE R EEXEE TREMGEXEE  mE BE SRR
- 7 by, Xhy Xt /mm h, Xt /mm by X,/ mm H/mm  L/mm  k/(kN - m™)
CFRTFB-EB-1 58. 82x37.92x2. 46 244. 66x5. 90 61.02x5.92 288.5 4000 25.0
CFRTFB-EB-2 58. 24x36. 50x2. 46 250. 62%6. 09 61.16%5. 88 293.0 4000 47.4
CFRTFB-EB-3 58.70x38. 14x2. 46 246. 64x6. 04 62.26x6.22 291.0 4 000 50.0
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Fig. 3 Stress-strain curves of standard parts
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Tab. 2 Material property indexes of standard parts
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i E/MPa f/MPa f/MPa f/f, v
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Fig. 6 Experimental beam displacement meters layout diagram
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Fig. 7 Strain gauges layout of experimental beams
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Fig. 8 Loading of experimental beams
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Fig. 9 Failure modes of three beams under

flexural-torsional buckling
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Tab. 3 Stability bearing capacities of three experimental beams
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S =] f=n y 3 N

ENES R = & H/mm 5 L/mm JON - m) AN Al
CFRTFB-EB-1 296 4 000 25.0 46 —
CFRTFB-EB-2 296 4 000 47.4 50 1.08
CFRTFB-EB-3 296 4 000 50. 0 52 1.13
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Fig. 13 Failure modes of the specimen CFRTFB-EB-3

under flexural-torsional buckling
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Tab. 4 Comparison of experimental results and finite element results
X o A R S A S Te e S
LA s WIAE P, /kN FEM {§ P_,/kN FEM {H P_,/kN Pin/Pea
CFRTFB-EB-1 46 45.39 27.41 1.01
CFRTFB-EB-2 50 50. 96 27. 41 0.98
CFRTFB-EB-3 52 52.85 27.41 0.98
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Fig. 15 Flexural-torsional buckling modes
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N PRGN XFEEXEE  EREEEE TR TR T 2318
L 7 by Xhg Xty /mm h, Xt /mm by Xt/ mm H/mm L/mm
CFRTFB-1 80x40x4 252%8 80x8 300 3 000
CFRTFB-2 120x60x5 380x10 120x10 450 6 750
100 280k
z Z
= = 240}
Q, QU
N =
&/ gol & 200}
b b
st 5 160} C40
2 70t C40 @ C50
C60 120+
60

%ﬁi?ﬁﬂ Bk /(kN m‘)
(a) CFRTFB-1

& 16 JREEL R E TR E

050 100 150 200 250 300
B S EERIBE A /(KN = m™)
(b) CFRTFB-2

R 50

350

Fig. 16 Influence of concrete strength on the stability bearing capacity
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