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Abstract; To improve the stability bearing capacity of cold-formed steel composite columns and further expand the
application scenarios of cold-formed steel components, an innovative cold-formed steel-solid waste foam concrete
(CFS-SWFC) special-shaped composite edge column was proposed. Unlike traditional welded steel tube concrete
components, cold-formed steel composite columns are susceptible to buckling due to their varying wall thickness
and are assembled using self-tapping screws, making the interaction between the cold-formed steel and the core
concrete unclear. Four special-shaped hollow columns and six CFS-SWFC special-shaped composite section
columns were tested under axial compression to compare and analyze their buckling mechanisms and failure modes.
A numerical analysis model of CFS-SWFC was established. Based on experimental validation, a multi-parameter
extended analysis was carried out to study the effects of strength, wall thickness, and cross-sectional dimensions on
the bearing capacity of the specimens. A calculation method for the bearing capacity of CFS-SWFC was proposed
based on the current code GB 50936—2014. The results indicate that the use of solid waste foam concrete enhances
the stability and bearing capacity of the specimens by 271% . Although the increase in concrete strength leads to a
maximum decrease in deformation capacity of 18% , the final failure mode remains largely unchanged. The strength
of SWFC, the thickness of CFS, and the cross-sectional dimensions have a significant impact on the ultimate
bearing capacity. Notably, for larger cross-sectional components, an increase in SWFC strength results in a
relatively higher enhancement of the ultimate load-carrying capacity. There is a discernible interaction effect
between the composite edge columns and the solid waste foam concrete. The current calculation method, which

takes the yield of the steel tube as a prerequisite, is not applicable to this type of cross-section. After modifications,
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the proposed formula demonstrates a good correlation with the experimental results, with a maximum error of 13% .

Keywords: cold-formed steel; special-shaped composite section edge columns; solid waste foamed concrete ; axial

compression test
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Tab.1 Dimensions and parameters of test specimens

2= SWFC PLJE: E/MPa t/mm B/mm D/mm hy/mm h/mm
S-1.2-H 1.2 140 190 50 90
S-2.0-H . 2.0 140 190 50 90

23
L-1.2-H 1.2 190 240 50 140
L-2.0-H 2.0 190 240 50 140
S-1.2-6 p 1.2 140 190 50 90
S-2.0-6 2.0 140 190 50 90

S-1.2-10 1.2 140 190 50 90
S-2.0-10 2.0 140 190 50 90

10

L-1.2-10 1.2 190 240 50 140

1-2.0-10 2.0 190 240 50 140
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Fig.1 Schematic diagram of test specimens and assembly
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Fig.2 Stress-strain curves of steel
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Tab.2 Mix ratios of foamed concrete

i ‘ffg KRR Ak, ik Ry

Hir's L (kgem ™) (kgem )(kgrm ) (Lem ™) (kgm ™)
(kgm™)

SI0 1200 1000 0 400 0.4161  0.698

ST20 1200 800 200 400 0.399 8 0.671

3 SWFC #&iEilR 12 M gE
Tab.3  Axial compression test data of SWFC prismatic test blocks

it P,/kN Sow/MPa BN E,/MPa
248/ MPa

202.9 9.02

STO 235.9 10.48 10.04 14.957
239.2 10.63
139.4 6.21

ST20 136.9 6.08 6.11 11.586
135.8 6.04
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Tab.4  Failure modes of specimens and comparison
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Fig. 11~ Comparison of failure modes and load-displacement

curves for selected specimens
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Calculation results of bearing capacity with variable

Tab. 6

parameters by finite element method

WiEgs  P/RN || RS PN | liFg S P/kN

S-1.2-6 389 S-1.2-15 566 L-1.2-10 672

S-1.5-6 489 S-1.5-15 668 L-1.5-10 767

S-1.8-6 576 S-1.8-15 765 L-1.8-10 896

5-2.0-6 632 S-2.0-15 819 L-2.0-10 1037
S-2.2-6 686 S-2.2-15 872 L-2.2-10 1085
S-1.2-10 466 L-1.2-6 513 L-1.2-15 855
S-1.5-10 571 L-1.5-6 618 L-1.5-15 961

S-1.8-10 661 L-1.8-6 749 L-1.8-15 1070

S-2.0-10 714 L-2.0-6 851 L-2.0-15 1189

5-2.2-10 770 L-2.2-6 927 L-2.2-15 1274
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Fig. 12 Comparison of load-displacement curves for specimens
with different SWFC grades
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Fig. 13 Comparison of load-displacement curves for components

with different CFS thicknesses
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Fig. 14  Comparison of load-displacement curves for components
with different cross-sectional sizes
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Comparison of calculated and experimental values for
CFS-SWFC columns
W% NN f/KN N/f, NJKN NJKN N, +N_/kN
S-1.2-6  215.04 249.22  0.863 138.11 66.6 204.71
S-2.0-6 457.67  475.08  0.963 346.67 4.9 411.57
S-1.2-10  298.39  373.90 0.798 138.11 111.6 249.71
S-2.0-10  510.48 592.02  0.865 346.67 108.8 455.47
L-1.2-10  450.55 564.32 0.798 143.04 212.1 355.14
L-2.0-10 614.22 737.85 0.832 363.20 198.8 562.00
N, R GB 50936—2014 15545 21 (4 il H R 1 BR R 2% 7 5
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Fig. 15 Regression analysis curves
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Fig. 16 Comparison of adjusted formula calculated load

capacity and simulated load capacity
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