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ABSTRACT

In recent years, the use of Cold-formed steel (CFS) as load bearing structural
members in residential and commercial buildings has become widespread.
There are a few researches about fire performance of CFS columns. In
particular, CFS columns with a built-up section, which are more common in
construction, have been less studied. Also, the existing standards for the
design of cold-formed steel structures do not provide sufficient design criteria
for designing against fire. In this research project, a numerical study will be
conducted to investigate the buckling behavior of CFS columns with built-up
cross sections, in fire conditions. Numerical analysis method using ABAQUS
finite element software has been used to evaluate the models. After numerical
modeling and validation using the results of previous experiments, parametric
studies have been performed to investigate the effect of various parameters
such as cross-sectional thickness, type of steel, etc. on the buckling behavior
of CFS columns at elevated temperatures. The load bearing capacity of CFS
columns is extracted from load-displacement curve obtained from numerical
analysis. Also, using the direct strength method (DSM), the axial resistance of
the CFS columns is computed and compared with the results of numerical
analysis. Failure modes of CFS columns have also been obtained and
discussed. The results showed that the DSM method estimates the ultimate
load capacity of the columns very close to the values obtained from the
numerical analysis method. Also, the use of high-strength steel has increased
the load-bearing capacity of the columns at different temperatures, although
the amount of increase is not very significant.
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Displacement (mm) Displacement (mm)
() ()
LC3-140(<) LC3-90 digos (&) ¢3S0 yunii— )b (0 B )
(KN) o 9 (599 ) duw 3l oolasw! b ool dpwlone digos s b polie :f Jguo
Specimen Test FEA DSM DSM/Test DSM/FEA
[YA] (present study) | (present study)
LC3-90 39.77 40.54 46.33 1.16 1.14
LC3-140 50.76 50.52 55.50 1.09 1.10
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Specimen Py (kN) Pere(KN)  Pery(KN)  Perg(kN)  Ppgpy(KN)  Prga(kN)  Ppsy/Prea
A-G250-t0.95-T20 123.55 39.12 42.01 96.37 31.15 30.96 1.01
A-G250-t0.95-T100 111.93 39.12 4141 97.38 31.01 30.07 1.03
A-G250-t0.95-T200 101.68 36.22 38.64 89.48 28.78 27.69 1.04
A-G250-t0.95-T350 63.01 24.63 26.46 60.49 19.62 18.34 1.07
A-G250-t0.95-T500 40.40 19.20 20.60 47.27 15.23 13.46 1.13
A-G250-t0.95-T650 20.26 13.79 14.59 34.04 10.22 8.40 1.22
A-G250-t0.95-T800 7.29 3.80 1.46 3.35 2.11 2.57 0.82
A-G250-t1.55-T20 184.88 66.49 184.88 279.17 58.31 51.35 1.14
A-G250-t1.55-T100 175.75 62.39 173.99 261.86 54.71 48.26 1.13
A-G250-t1.55-T200 172.91 53.80 145.25 219.60 47.18 42.01 1.12
A-G250-t1.55-T300 118.36 46.67 129.01 195.30 40.93 35.12 1.17
A-G250-t1.55-T400 91.28 42.07 115.92 175.25 36.81 30.00 1.23
A-G250-t1.55-T500 59.78 26.78 73.53 111.19 23.48 19.50 1.20
A-G250-t1.55-T600 38.61 20.54 56.38 84.95 17.58 13.84 1.27
A-G250-t1.55-T700 23.56 8.27 22.62 34.16 7.25 6.45 1.12
A-G250-t1.95-T20 214.37 77.75 338.70 422.30 68.19 60.06 1.14
A-G250-t1.95-T100 211.83 74.29 324.10 404.60 65.15 57.82 1.13
A-G250-t1.95-T200 203.67 71.10 309.57 384.93 62.35 55.39 1.13
A-G250-t1.95-T300 155.64 64.04 277.04 347.08 56.16 47.68 1.18
A-G250-t1.95-T400 117.05 50.54 217.71 272.72 44.32 37.10 1.19
A-G250-t1.95-T500 75.92 37.96 163.23 203.46 32.87 26.23 1.25
A-G250-t1.95-T600 42.79 24.33 103.99 129.67 20.50 15.79 1.30
A-G250-t1.95-T700 27.10 13.27 56.37 70.47 11.53 9.27 1.24
A-G450-t1.5-T20 327.42 67.48 170.26 265.21 59.18 58.47 1.01
A-G450-t1.5-T100 321.02 59.72 157.30 240.76 52.38 52.14 1.00
A-G450-t1.5-T200 325.65 54.34 140.03 218.18 47.66 48.14 0.99
A-G450-t1.5-T300 310.10 49.80 130.24 201.57 43.68 44.33 0.99
A-G450-t1.5-T400 227.75 40.02 102.49 161.70 35.10 35.24 1.00
A-G450-t1.5-T500 117.71 30.85 80.05 123.60 27.05 25.45 1.06
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A-G450-t1.5-T600 35.97 20.21 51.79 80.56 17.07 13.03 1.31
A-G450-t1.5-T700 20.12 15.25 39.03 60.75 11.58 8.94 1.30
A-G450-t1.9-T20 397.28 82.89 341.66 437.00 72.70 7111 1.02
A-G450-t1.9-T100 402.37 79.05 325.92 418.47 69.33 68.43 1.01
A-G450-t1.9-T200 393.88 69.92 287.53 366.31 61.32 61.47 1.00
A-G450-t1.9-T300 373.57 60.06 246.56 313.80 52.67 53.49 0.98
A-G450-t1.9-T400 279.75 48.18 198.63 251.78 42.25 42.55 0.99
A-G450-t1.9-T500 152.12 31.54 127.78 164.28 27.66 27.08 1.02
A-G450-t1.9-T600 43.55 21.58 87.54 111.49 18.71 14.90 1.26
A-G450-t1.9-T700 26.41 10.03 40.40 51.50 8.79 7.51 1.17
A-G550-t0.95-T20 237.44 40.09 42.74 99.72 31.85 33.53 0.95
A-G550-t0.95-T100 231.74 40.09 44.03 99.65 32.16 33.53 0.96
A-G550-10.95-T200 228.65 34.65 36.58 86.89 27.44 28.99 1.00
A-G550-t0.95-T350 208.23 27.68 29.15 68.72 21.90 23.16 0.95
A-G550-t0.95-T500 111.83 15.82 16.78 39.14 12.55 13.26 0.95
A-G550-t0.95-T650 19.47 13.01 13.82 31.93 9.70 7.97 1.22
A-G550-10.95-T800 10.45 5.67 6.06 13.89 4.42 3.76 1.18
B-G250-t1.55-T20 230.12 66.23 101.25 181.79 58.08 51.86 1.12
B-G250-t1.55-T100 218.75 66.23 94.06 170.63 58.08 48.76 1.19
B-G250-t1.55-T200 215.22 52.22 79.63 142.05 45.80 42.32 1.08
B-G250-t1.55-T300 147.32 46.41 69.24 126.70 40.70 35.65 1.14
B-G250-t1.55-T400 113.61 41.82 62.49 113.61 36.68 30.83 1.19
B-G250-t1.55-T500 7441 26.58 40.18 72.17 23.31 19.77 1.18
B-G250-t1.55-T600 48.06 20.38 30.28 54.79 17.88 14.15 1.26
B-G250-t1.55-T700 29.32 8.20 12.32 21.99 7.19 6.51 1.10
B-G250-t1.95-T20 266.82 77.72 184.10 280.16 68.16 60.68 1.12
B-G250-t1.95-T100 263.66 74.25 174.02 266.30 65.11 58.41 111
B-G250-t1.95-T200 253.50 71.04 167.31 253.50 62.30 55.97 1.11
B-G250-t1.95-T300 193.73 63.96 149.17 228.60 56.09 48.70 1.15
B-G250-t1.95-T400 145.69 50.43 118.01 179.20 44.23 37.51 1.18
B-G250-t1.95-T500 94.50 37.85 87.88 134.18 33.19 26.54 1.25
B-G250-t1.95-T600 53.26 24.24 55.93 85.76 21.23 16.56 1.28
B-G250-t1.95-T700 33.73 13.23 30.36 46.55 11.60 9.37 1.24
B-G450-t1.5-T20 407.53 65.00 93.73 171.16 56.82 56.57 1.00
B-G450-t1.5-T100 399.56 59.41 83.91 155.83 51.60 52.23 0.99
B-G450-t1.5-T200 405.33 54.03 77.01 141.87 47.06 48.16 0.98
B-G450-t1.5-T300 385.98 49.50 69.48 127.37 42.91 44.26 0.97
B-G450-t1.5-T400 283.47 39.75 56.69 104.88 34.63 35.26 0.98
B-G450-t1.5-T500 146.52 30.61 42.49 79.12 26.44 25.54 1.04
B-G450-t1.5-T600 4477 20.03 28.20 51.93 17.38 13.89 1.25
B-G450-t1.5-T700 25.04 15.12 21.28 39.06 12.52 9.32 1.34
B-G450-t1.9-T20 494.48 82.87 187.90 286.80 72.67 71.46 1.02
B-G450-t1.9-T100 500.83 79.01 175.29 275.45 69.29 68.74 1.01
B-G450-t1.9-T200 490.26 69.84 156.88 240.22 61.25 61.63 0.99
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B-G450-1.9-T300 464.98 59.95 134.84 204.59 52.57 53.57 0.98
B-G450-1.9-T400 348.21 48.05 107.94 163.66 42.14 42.61 0.99
B-G450-1.9-T500 189.34 31.42 70.05 107.92 2755 27.21 1.01
B-G450-1.9-T600 54.21 21.48 47.16 73.18 18.84 15.12 1.25
B-G450-t1.9-T700 32.87 9.97 21.69 33.86 8.75 7.70 1.14
MEAN 1.11

SD 0.11
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