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Abstract: Duplex stainless steel S32001 offers excellent strength and cost-effectiveness, but research on structural steel
components made from this material is currently limited. This study focuses on the flexural-torsional buckling
behavior of cold-formed angle steel cantilevered beams made from S32001. First, based on the cold-formed angle
steel equipment brackets for rail transit zones, bending tests on angle steel cantilevered beams were conducted,
with key parameters including section dimensions and cantilever length. Subsequently, a finite element model
was developed for extensive parameter analysis. The results indicated that all specimens experienced design-
related flexural-torsional buckling failures. Reducing the length-to-thickness ratio and leg length ratio
significantly improved the load-bearing capacity of the components. Finally, a comparison was made between the

load-bearing capacity predictions from the AISC 360-16 standard for non-slender section angle steel cantilevered
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components and those obtained from finite element analysis. The results showed that the standard’s predictions

were only accurate for angle steel beams with unequal leg lengths. The prediction formula for angle steel beams

with equal leg lengths was revised based on numerical simulation results, and the revised formula closely

matched the finite element analysis results.
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method
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Fig.1 Detailed drawing of specimen dimensions (unit: mm)
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Table 1 Dimension parameters of specimen groups
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a/mm  b/mm  ¢/mm  //mm B 14 1T Ji B i 23R Sy 43.21 %6, 2% B OBUAH AN 85 9 S32001 1 9
L1 29.4 39.2 2.9 250.0  0.75 FHEELOR 5 0 5 B R A 1 A SR
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Fig.2 Specimen numbering rule Fig.3 Stress-strain curves of specimens
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Table2 Material properties of tensile specimens

R A1 &;()ﬁ;ﬁ&i};}f% 0.2% jéoffkﬂ % FA iﬁijﬁé Vil VR €, #il’/ﬁ’;v[/lpf 4?5/};

ST-1 193 740 0.004 5 44922 0.377 2 710.88 43.51

ST-2 196 630 0.004 6 44185 0.374 4 715.23 43.12

ST-3 191 020 0.004 5 44536 0.3811 709.58 4291

FHA 193 796 0.004 5 445 48 0.3771 711.90 43.21
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Fig.5 Diagram of specimen installation completion
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Fig. 6 Arrangement of measurement points
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Fig.7 Test phenomena of specimen group L1

b) AR K A AR ) WAFRR

2 PR A 2019 8500 I, 5 Ak Ak o R4 L2 A9 S L AR
B L1 B S AR R, A 408 R 7 o i Ak
AT WL AT T A AL AR AR o A 8 T .

b) WAFBIR
B8 XHAL2KIEHAR

Fig.8 Test phenomena of specimen group L2
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Fig.9 Test phenomena of specimen group L3
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Fig. 10 Test phenomena of specimen group L4
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Fig. 11 Load-displacement curves of specimens
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Table 3 Ultimate bearing capacity of specimens

XA Y 5 IR AT 2 P /N KK E/mm BIRAE X,
1.180.75b401250-1 2890.13
1.180.75b401250-2 2940.25 250 AR T ERAL
1.180.75b401250-3 2960.30
1.280.75b401300-1 2390.44
1.280.75b401300-2 2460.01 300 BERT R
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L.3B0.60b501250-1 4570.10
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L.380.60b501250-3 4 550.25
1.480.60b501350-1 2960.17
1.480.60b501350-2 2970.29 350 ERETREA
1.480.60b501350-4 2 900.16
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Fig. 12 Load-strain curves of specimens
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Table 4 Material properties used in finite element analysis
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Fig. 13 Finite element model
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Fig. 14 Failure mode comparison of specimen group

L1 between test and finite element analysis
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Fig. 15 Comparison of specimen group L2 failure
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Table 5 Comparison of ultimate bearing capacity
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Table 6 Geometric parameters of a finite element model

between test and finite element analysis
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Validation of modified formulas for the

angle steel members
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Table 6 Applicability validation of modified formulas
B g2 A R AL BE £ B A A (NN R M,.. M,.
M,../(N-m) M,.,/(N-m) M,../(N-m) M,.» M.,
t4B1b501600 2 010.00 1535.12 1951.45 1.31 1.03
t431b5011300 1797.95 1 350.43 1770.67 1.33 1.02
t481b5011900 1692.94 1289.52 1611.98 1.31 1.05
t431b5012700 1625.43 1 030.65 1415.53 1.58 1.15
t431b5013300 1461.92 923.66 1278.74 1.58 1.14
t51b501600 3904.86 2 873.86 3618.75 1.36 1.08
t5B1b5011300 3478.83 2605.43 3 355.85 1.34 1.04
t5B1b5011900 3249.78 2361.89 3115.34 1.38 1.04
t581b5012700 3064.50 2 053.09 2811.89 1.49 1.09
t5B1b5013300 2970.31 1 836.52 2599.65 1.62 1.14
T34 1.44 1.08

M, =(0.92 = 0.17M,,/M,) M,, (16)
MMy, > M,
M, =(1.92 117 /M,/M,, )M, < 1.6M, (17)
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Fig. 22 Validation of modified formulas for the
flexural bearing capacity of compact unequal

angle steel members
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Table 7 Applicability validation of modified formulas
B A PR U AE AR £ B E AR (A M,.. M,..
M,../(N+m) M,.,/(N+m) M,../(N+m) M,.A M,.
t530.8b601600 3 304.96 2 866.94 2 866.53 1.15 1.15
t580.8b6011300 2 887.43 2 585.33 2 585.83 1.12 1.12
t580.8b6011900 2717.88 2 356.45 2 356.14 1.15 1.15
t530.8b6012700 2 350.98 2041.16 2041.10 1.15 1.15
t580.8b6013300 2103.65 1833.82 1833.94 1.15 1.15
F34A 1.14 1.14
t530.5b601600 2703.67 2392.63 2 392.84 1.13 1.13
t580.5b6011300 2 304.74 2 185.24 2 185.35 1.05 1.05
t580.5b6011900 2 043.89 1984.19 1984.17 1.03 1.03
t580.5b6012700 1752.34 1721.90 1721.56 1.02 1.02
t530.5b6013300 1 546.64 1544.05 1544.73 1.00 1.00
A 1.05 1.05
t480.8b501600 1756.87 1526.36 1526.36 1.15 1.15
t430.8b5011300 1526.29 1345.64 1345.17 1.13 1.13
t430.8b5011900 1376.90 1204.62 1204.74 1.14 1.14
t480.8b5012700 1183.04 1018.90 1018.89 1.16 1.16
t480.8b5013300 1025.33 889.88 889.92 1.15 1.15
FHE 1.15 1.15
t430.5b501600 1354.86 1121.35 1121.14 1.21 1.21
t480.5b5011300 1019.28 1009.24 1 009.58 1.01 1.01
t430.5b5011900 910.86 897.89 897.32 1.01 1.01
t430.5b5012700 837.77 767.05 767.73 1.09 1.09
t480.5b5013300 801.94 688.82 688.93 1.17 1.17
RREKi 1.10 1.10
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