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Abstract; To study the axial compression performance of H-shaped composite short columns with con-
crete-filled rectangular steel tubular flanges and double cellular webs, 19 full-scale specimens were de-
signed with control parameters including slenderness ratio, confinement effect coefficient, steel yield
strength, concrete axial compressive strength, hole-height ratio, and spacing-height ratio. Based on
simplified steel constitutive models and constrained concrete nonlinear constitutive models, numerical
simulations of 12 H-shaped cellular composite columns with concrete-filled rectangular steel tubular flan-

ges were conducted using ABAQUS finite element software to obtain load-displacement curves of speci-
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mens. Through comparison with existing experimental data, the applicability and accuracy of the adop-
ted material constitutive models and finite element modeling results were verified. Further parametric
analyses were performed to investigate the influence of different parameter variations on the axial bearing
capacity of this new type of short columns, thereby revealing the mechanical processes, failure modes,
and load-bearing mechanisms. The results indicated that the bearing capacity significantly increased
with the confinement effect coefficient, steel yield strength, concrete axial compressive strength, and
spacing-height ratio but decreased with the slenderness ratio and hole-height ratio. All specimens exhi-
bited similar failure patterns: outward bulging of flanges with convex failure morphology, and cellular
steel webs developing cracks extending bilaterally along the web plane from circular holes. Finally, sta-
tistical regression analysis based on the 1stOpt software was conducted to establish a bearing capacity
formula for this composite short column type, providing theoretical basis for practical engineering appli-
cations.
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Tab.1 Main parameters of specimens

N bxh, xt,xt,xh, idiskn; RXprE R B RELWRE Kgirk Lk NEE ISR E
e /m® Y L/mm s/h,  f./MPa A d/h, [,/ MPa
CFRSTDW-01  500x320x06x 10x400 0.37 1.6x10°  0.25 35.2 11.08  0.60 235
CFRSTDW-02  500x320x08x 10x400 0.50 1.6x10°  0.25 35.2 11.08  0.60 235
CFRSTDW-03  500x320x10x 10x400 0.63 1.6x10°  0.25 35.2 11.08  0.60 235
CFRSTDW-04  500x320x12x10x400 0.77 1.6x10°  0.25 35.2 11.08  0.60 235
CFRSTDW-05  500x320x06x 10x400 0.37 1.6x10°  0.25 35.2 11.08  0.53 235
CFRSTDW-06  500x320x06x 10x400 0.37 1.6x10°  0.25 35.2 11.08  0.68 235
CFRSTDW-07  500x320x06x 10x400 0.37 1.6x10°  0.25 35.2 11.08  0.75 235
CFRSTDW-08  500x320x06x 10x400 0.37 1.6x10°  0.20 35.2 11.08  0.60 235
CFRSTDW-09  500x320x06x 10x400 0.37 1.6x10°  0.23 35.2 11.08  0.60 235
CFRSTDW-10  500x320x06x 10x400 0.37 1.6x10°  0.28 35.2 11.08  0.60 235
CFRSTDW-11  500x320x06x 10x400 0.37 1.6x10°  0.25 35.2 11.08  0.60 345
CFRSTDW-12  500x320x06x 10x400 0.37 1.6x10°  0.25 35.2 11.08  0.60 390
CFRSTDW-13  500x320x06x 10x400 0.37 1.6x10°  0.25 35.2 11.08  0.60 420
CFRSTDW-14  500x320x06x 10x400 0.37 1.2x10°  0.25 35.2 8.31  0.60 235
CFRSTDW-15  500x320x06x 10x400 0.37 1.4x10°  0.25 35.2 9.70  0.60 235
CFRSTDW-16  500x320x06x 10x400 0.37 1.8x10°  0.25 35.2 12.47  0.60 235
CFRSTDW-17  500x320x06x 10x400 0.37 1.6x10°  0.25 44.0 11.08  0.60 235
CFRSTDW-18  500x320x06x 10x400 0.37 1.6x10°  0.25 52.8 11.08  0.60 235
CFRSTDW-19  500x320x06x 10x400 0.37 1.6x10°  0.25 61.6 11.08  0.60 235
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Fig. 5 Comparison of simulation results with test curves
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Tab. 2 Simulation results and test data of 12 sets of specimens
Wk ROEEE REELEBE AN R KA A B E I {E R
i L/mm f./MPa £ N,/kN N,/kN IN~N,I/N,
STHCC-01 3.7x10° 49.50 0. 60 12.82 748. 46 733. 81 2.00%
STHCC-02 3.7x107 49.50 0. 60 16. 28 746.92 735.63 1.53%
STHCC-03 3.7x10° 49.50 0.88 12.82 896. 20 876.71 2.20%
STHCC-04 3.7x107 49.50 0. 60 9.35 781. 37 766. 63 1.92%
STHCC-05 3.7x10° 49.50 1. 60 12.82 1192.80 1175.81 1. 40%
STHCC-06 3.7x10° 49.50 0.88 16. 28 871.35 847.07 2.79%
STHCC-07 3.7x10° 53.17 0.82 12. 82 1 068. 18 1 060. 91 0. 69%
STHCC-08 3.7x10° 49.50 0.88 9.35 917.91 959. 01 4. 48%
STHCC-09 3.7x10° 55.69 0. 66 12. 82 1 071. 41 1 066. 51 0. 46%
STHCC-10 3.7x10° 49.50 0. 60 12.82 795. 83 797.51 0.21%
STHCC-11 3.7x10° 65. 60 0.78 12. 82 1097.13 1 080. 14 1.55%
STHCC-12 3.7x10° 49.50 0. 60 12.82 794. 45 759. 07 4. 45%
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Fig. 8 Load-displacement curves of specimens with

different concrete strengths
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different aspect ratios
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Fig. 11 Load-displacement curves of specimens with

different aspect ration
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concrete micro elements
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Tab. 3 Comparison of axial compressive bearing capacity of 19 specimens with finite element results
ERES K4 ik LV e jE oA DN RZ%E
Y A & N;/kN N;/kN | N:-N;|/N;
CFRSTDW-01 11.08 0.37 18 470. 90 18 369. 80 0.54%
CFRSTDW-02 11.08 0.50 19 682. 60 20 124.30 2.24%
CFRSTDW-03 11.08 0.63 20 883.50 20 103.50 3.74%
CFRSTDW-04 11.08 0.77 22 153.00 22 358.40 0.93%
CFRSTDW-05 11. 08 0.37 20 126. 88 19 986. 45 0. 70%
CFRSTDW-06 11. 08 0.37 17 778. 16 17 483.78 1. 66%
CFRSTDW-07 11.08 0.37 16 549. 17 16 845. 58 1.79%
CFRSTDW-08 11. 08 0.37 16 995. 98 17 453. 12 2.69%
CFRSTDW-09 11.08 0.37 17 565. 59 18 123. 54 3.18%
CFRSTDW-10 11. 08 0.37 19 938. 96 20 876. 30 4.70%
CFRSTDW-11 11.08 0.37 21 051. 10 21 154.16 0.49%
CFRSTDW-12 11.08 0.37 22 107. 60 22 189. 62 0.37%
CFRSTDW-13 11.08 0.37 22 812.20 22 485. 68 1.43%
CFRSTDW-14 8.31 0.37 22 233.48 22 538. 56 1.37%
CFRSTDW-15 9.70 0.37 21 354.81 22 783.47 6.69%
CFRSTDW-16 12.47 0.37 17 562. 18 18 256. 74 3.95%
CFRSTDW-17 11.08 0.37 20 482.77 20 387. 56 0.46%
CFRSTDW-18 11.08 0.37 21 945.34 22 548.59 2.75%
CFRSTDW-19 11. 08 0.37 23 462. 01 23 658. 62 0. 84%
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Fig. 16 Comparison of experimental and simulated ultimate

bearing capacity errors of 19 specimens
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