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FE Analysis on Lateral Torsional Buckling of
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Abstract - A finite element analysis is performed for lateral-torsional buckling (LTB) behavior of externally pre-stressed (PS)
mono-symmetric steel beam under compression and end moments. A generalized finite element analysis for LTB behavior is
presented by applying the total potential energy of a simple/cantilever PS steel beam including the pre-stressed effect acting on
the external tension member. LTB characteristics of simple and cantilever PS mono-symmetric beams are investigated by
varying the number of deviators, initial pre-stress, mono-symmetry cross-section types, and number of PS tendons. FE solutions
on LTB of mono-symmetric thin-walled steel beams are compared with the exact solutions in the literature.
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(c) Deformed PS simple beam under P and M
Fig. 1. Simple PS beam with two deviators
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Fig. 2. PS cantilever beam with deviators
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Type of E G A A. L L J 1y by e e P
cross-section [(GPa)| (GPa) | (mm?) |(mm?)| (mm®) (mm®*) (mm*) (mm®) (mm”®) (mm) | (mm) | (mm)
Bi-symm. 11,700 1.989x10% | 6.750x107| 7.750x10° | 1.371x10°| 0.0 | 220.0 | 0.0 | 0.0

section
M‘;‘e’;’tlsoyn“;m 206 |79.231| 16,200 | 1,257 |2.832x10%| 1.013x10° | 3.135x10°|1.932x10'2[8.795x10%| 263.75 | 8.682 | 71.13
Mono-symm. 11,700 1.837x10%|9.002x107| 7.700x10° 1.219x10'%| 6.685x10° | 256.54 | 74.26 | 28.76
section II
Table 3. LTB loads H,, (Mono-symmetric section I) (Unit: kN)
Single tendon Double tendon
Speci FEM by this study Exact sol.?? FEM by this study Exact sol.l*
pecimen
Simple Cantilever Simple Cantilever Simple Cantilever Simple Cantilever
beam beam beam beam beam beam beam beam
H-DEV0 1,059.9 1,108.2 1,059.9 1,108.2 1,139.2 1,192.4 1,139.2 1,192.4
H-DEV1 2,896 3,008 2,896 3,008 2,896 3,030.2 2,896 3,030.2
H-DEV2 5,122.4 5,251 5,122.4 5,251 5,145.4 5,270.4 5,145.4 5,270.4
H-DEV5 15,502 15,615 15,501 15,615 15,502 15,639 15,501 15,638
Table 4. LTB loads H,, (Mono-symmetric section II) (Unit: kN)
Single tendon Double tendon
Spec FEM by this study Exact sol.* FEM by this study Exact sol.*
pecimen
Simple Cantilever Simple Cantilever Simple Cantilever Simple Cantilever
beam beam beam beam beam beam beam beam
H-DEV0 494.36 552.75 494.36 552.75 536.33 590.5 536.33 590.5
H-DEV1 1,004.7 1,076.3 1,004.7 1,076.3 1,004.7 1,090.5 1,004.7 1,090.5
H-DEV2 1,646.9 1,712.3 1,646.9 1,712.3 1,664.4 1,725.4 1,664.4 1,725.4
H-DEVS5 4,895 4,943.8 4,894.8 4,943.6 4,895 4,957.4 4,894.8 4,957.3
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Table 5. LTB loads P, (Mono-symmetric section I) (Unit: kN)
H,=200 kN H,=400 kN
Specimen Single tendon Double tendon Single tendon Double tendon
This study | Exact sol.*® | This study | Exactsol.”| This study | Exactsol.” | This study | Exact sol.*
P-SB-DEV0 1,293.1 1,293.1 1,442.7 1,442.5 1,043.6 1,043.6 1,194.1 1,193.6
P-SB-DEV1 1,404.5 1,404.2 1,547.6 1,547.4 1,362.3 1,362.3 1,506.7 1,506.4
P-SB-DEV2 1,417.9 1,417.5 1,559.2 1,559 1,399.1 1,399.1 1,540.7 1,540.4
P-SB-DEVS5 1,426.4 1,426.1 1,566.7 1,566.5 1,421.4 1,421.4 1,561.95 1,561.9
P-CB-DEV0 320.25 320.25 356.91 356.9 272.32 272.32 310.73 310.65
P-CB-DEV1 348.02 347.99 383.25 383.21 337.1 337.1 372.45 372.37
P-CB-DEV2 353.21 353.19 388.33 388.31 348.47 348.47 383.66 383.6
P-CB-DEV5S 356.33 356.31 39141 391.39 355.15 355.15 390.25 390.23
Table 6. LTB loads P, (Mono-symmetric section II) (Unit: kN)
Single tendon Double tendon
Specimen
H,=200kN H,=400 kN H,=200kN H,=400 kN

P-SB-DEVO0 812.34 275.38 953.99 407.61
P-SB-DEV1 1,063.7 986.77 1,200.7 1,136.5
P-SB-DEV2 1,091.6 1,072.6 1,224.2 1,211.5
P-SB-DEVS5 1,107.9 1,116.2 1,239.3 1,253.3
P-CB-DEV0 256.77 153.92 295.28 199.62
P-CB-DEV1 297.39 283.03 332.42 318.47
P-CB-DEV2 304.07 298.98 338.88 334.05
P-CB-DEVS 307.86 307.35 342.64 342.36
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Table 7. LTB loads M., (Mono-symmetric section I) (Unit: kN-m)
H,=200 kN H,=400 kN
Specimen Single tendon Double tendon Single tendon Double tendon
This study | Exact sol.*® | This study | Exactsol.”| This study | Exactsol.” | This study | Exact sol.*
P-SB-DEV0 654.14 654.14 697.85 697.82 631.83 631.83 679.71 679.62
P-SB-DEV1 708.09 708.09 754.77 754.74 710.66 710.66 759.92 759.85
P-SB-DEV2 713.86 713.86 760.79 760.75 718.5 718.5 767.93 767.85
P-SB-DEVS 717.26 717.26 764.19 764.16 722.98 722.98 772.32 772.31
P-CB-DEV0 300.09 300.09 320.63 320.61 287.21 287.21 310.47 310.44
P-CB-DEV1 319.65 319.65 339.08 339.06 319.76 319.75 340.62 340.59
P-CB-DEV2 323.11 323.07 342.47 342.44 324.99 324.96 345.72 345.69
P-CB-DEVS 328.09 328.07 344.45 344.43 327.94 327.92 348.65 348.62
Table 8. LTB loads M., (Mono-symmetric section II) (Unit: kN-m)
Single tendon Double tendon
Specimen
H,=200kN H,=400 kN H,=200kN H,=400 kN
P-SB-DEVO0 475.69 480.05 501.78 509.88
P-SB-DEV1 481.03 492.91 516.9 532.55
P-SB-DEV2 481.52 493.35 518.64 534.92
P-SB-DEVS5 481.78 494.46 519.84 536.56
P-CB-DEV0 181.86 183.84 195.61 199.69
P-CB-DEV1 186.58 192.58 200.73 208.94
P-CB-DEV2 187.37 193.91 201.34 210.14
P-CB-DEVS 187.92 194.9 201.95 211.22
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