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Fig. 6. Simply supported beam under uniform distrib-
uted load
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Table 1. Simply supported beam subjected to distributed load (Fig. 6): buckling moments (M) and relative

errors (A )
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Table 2. Effect of number of divisions (FDM) and power series terms (PSM) on linear critical moments (M_) of
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Fig. 8. Variation of lateral buckling moment of beam

under gradient moment, versus gradient factor B
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Fig. 7. Simply supported beam under moment gradient:

geometry and material properties, doubly symmetric

and singly symmetric sections

) 5 St 5516 @ G 53 (ML) Sl (3le8” S s
2o 4 A US55 wud oo Jate o 93 55 ez o il (B
(M) il otad S gl 5 sloyboged 5 cul oad o,
OWB] gy Slive 2 023 (Byme (634 o ol bawgi oad dpwlone

B @ bogaome (slinl (g, 5 V] e bawgs 00l &l)) g gi0e



VY B8 oo AYAY Jlo o) o)lad @ 093 (S el (y0s guodino 4y

implementation, Elsevier, 1987.

[4] Z.P. Bazant, L. Cedolin L, Stability of structures
Elastic, inelastic fracture and damage theories, Dover
Publications, 1991.

[5] L. Zhang, G.S. Tong, Flexural-torsional buckling of thin-
walled beam members based on shell buckling theory,
Thin-Walled Structures, 42 (2004) 1665-1687.

[6] A. Sapkas, L.P. Kollar, Lateral-torsional buckling of
composite beams, International Journal of Solids and
Structures, 39(11) (2002) 2939-2963.

[7] F. Mohri, A. Brouki, J.C. Roth, Theoretical and numerical
stability analyses of unrestrained, mono-symmetric thin-
walled beams, Journal of Constructional Steel Research,
59 (2003) 63-90.

[8] L. Jun, L. Wanyou, S. Rongying, H. Hongxing, Coupled
bending and torsional vibration of non-symmetrical
axially loaded thin-walled Bernoulli-Euler beam,
Mechanics Research Communications, 31 (2004) 697—
711.

[91 A. Andrade, D. Camotim, P. Providencia, On the
evaluation of elastic critical moments in doubly and
singly symmetric I-section cantilevers, Journal of
Constructional Steel Research, 67 (2007) 894-908.

[I0]R.E. Erkmen, M. Mohareb, Buckling analysis of
thin-walled open members- A complementary energy
variational principle, Thin-Walled Structures, 46 (2008)
602-617.

[11] R.E. Erkmen, M. Mohareb, Buckling analysis of thin-
walled open members- A finite element formulation,
Thin-Walled Structures, 46 (2008) 618—636.

[12] A.Y.T. Leung, Exact dynamic stiffness for axial-torsional
buckling of structural frames, Thin-Walled Structures,
46 (2008) 1-10.

[13] C.W. Kurniawan, M. Mahendran, Elastic lateral buckling
of simply supported LiteSteel beams subject to transverse
loading, Thin-Walled Structures, 47 (2009) 109-119.

[14] M.M. Attard, M.Y. Kim, Lateral buckling of beams
with shear deformations— A hyperelastic formulation,
International Journal of Solids and Structures, 47 (2010)
2825-2840.

[15] L. Wu, M. Mohareb M, Buckling of shear deformable
thin-walled members—I. Variational principle and
analytical solutions, Thin-Walled Structures, 49 (2011)
197-207.

[16] L. Wu, Mohareb M, Buckling formulation for shear
deformable thin-walled members—II Finite element
formulation, Thin-Walled Structures, 49 (2011) 208-222.

[17] F. Borbon, A. Mirasso, D. Ambrosini, Beam element
for coupled torsional-flexural vibration of doubly

\Al

Ul 5l il Shzo b lade sl )0 ol edldiul dgaome gles

ol odlaiwl (g hgy Cono 5 bl S0 )b g sl Hoyed p s>
20,8 o il dlds oyl

S 325 4ot =0
dgiome BB gy ell 2 (38 e S iRoR ol 5
e placl (b piom (kS cla)l aulxe jolate 4 (53550
13,5 1) ols5d & yars b i yuogd oS3
SVl e (JS iy (6551 (Sl Jool jloslisal b dazl >
wdd Jlosl (2B (slayly 5l (8L ) g adgl s IS (8 jlas )L
4 yede GYalee W3S st (L £yl A e Jawslyad &Yolee
P oSl G0 oy 5l (S dlewg 4 (Jg At dtly ;K0S
S s g ok gl Sl ) olas olSitnd 53U i guie b
g gaw (oo S5 yudl ey 5 guite Gl b Jowslynd dolee
GBWBl gy p oSk @y bwy dlols dsles (bl 55 el Cowd 4
OBl b e g polie o gy (elisl g 38 > (35 50 394500
Jo lp Glge ) oad (Bpme gy )5 Al (Sl sl
syl cod fate jugd SIU jhe by ) iz glgl )l
@ opn Sl om A L eoliel )50 (il 038 L g 5 pete
ol (§y9p8 yj 3)lg0 S5 cods Il goae sla Jlo
S oyl ely ok dbre @l ohe g Bl
Sl oy ;S0 g dgaome glds (gade by 5l ealatwl b Slymo
2,1 3935 o &l Lo g (g3ae
Sl Glw e S gl (Sl @Bl )L plie Y
Candy %V 3l g8 slad 5o b les o |y (6)guiin lael
Jsb 5o 4k V¥ 4 e Juao o 53 guds aS ()50 1 3]
D9l 5>
O labad ola (lEIL (A) (s gl e iz T
b oo pEalS Yor /D 5 4 e pr & dlox YO )
2 oad Wl se prs (Sl Sy gy b awalie > Y
S3S OMax dluss 4y 5l (635 ye dgdome SMB ) (sl
sl ol 9 3 (iomym (Sl keSSl )b awle gl
a0 Oluwles e o inl38l & pxis

&l
[1] S.P. Timoshenko, J.M Gere, Theory of elastic stability.
2nd ed. New York: McGraw-Hill, 1961.
[2] V.Z. Vlasov, Thin-walled elastic beams, Moscow, 1959.
French translation, Piéces longues en voiles minces,
Eyrolles, Paris, 1962.

[3] W.F. Chen, EMM. Lui, Structural stability, theory and



[26] S.A. Al-Khaabi, G. Aksu, Free vibration analysis of
mindlin plates with parabolically varying thickness,
Computers and Structures, 34(3) (1990) 395-399.

[27] J.P. Singh, S.S. Dey, Variationa of finite difference
approach to buckling of plates of variable stiffness.
Computers and Structures 1990; 36(1): 39-45.

[28] B. Suryoatmono, D. Ho, The moment—gradient factor in
lateral-torsional buckling on wide flange steel sections,
Journal of Constructional Steel Research, 58 (2002)
1247-1264.

[29] J.T. Mottram, Lateral-torsional buckling of thin-walled
composite I- beams by the finite difference method,
Composites Engineering, 2(2) (1992) 91-104.

[30] B. Asgarian, M. Soltani, F. Mohri, Lateral-torsional
buckling of tapered thin-walled beams with arbitrary
cross-sections, Thin-Walled Structures, 62 (2013) 96—
108.

[31] F. Mohri, N. Damil, M. Potier-Ferry, Linear and non-
linear stability analyses of thin-walled beams with mono
symmetric | sections, Thin-Walled Structures, 48 (2010)
299-315.

[32] M. Soltani, B. Asgarian, F. Mohri, Elastic instability
and free vibration analyses of tapered thin-walled beams

by power series method, Journal of constructional steel
research, 96 (2014) 106-126.

[33] M. Soltani, B. Asgarian, F. Mohri, Finite element method
for stability and free vibration analyses of non-prismatic
thin-walled beams, Thin-Walled Structures, 82 (2014)
245-261.

[34] MATLAB Version7.6, MathWorks Inc, USA, 2008.

[35] ANSYS, Version 5.4, Swanson Analysis System, Inc,
2007.

unsymmetrical thin walled beams axially loaded,
Computers and Structures, 89 (2011) 1406-1416.

[18]7J. Kus, Lateral-torsional buckling steel beams with
simultaneously tapered flanges and web, Steel and
Composite Structures, 19(4) (2015) 897-916.

[19] P. Ruta, J. Szybinski, Lateral stability of bending non-
prismatic thin-walled beams using orthogonal series,
Procedia Engineering, 11 (2015) 694-701.

[20] F. Mohri, S.A. Meftah, N. Damil, A large torsion beam
finite element model for tapered thin-walled open cross-

sections beams, Engineering Structures, 99 (2015) 132-
148.

[21] F. Mohri, N. Damil, M. Potier-Ferry, Large torsion finite
element model for thin-walled beams, Computers and
Structures, 86 (2008) 671-683.

[22] MJ. Iromenger, Finite difference buckling analysis of
non-uniform columns, Computers and Structures, 12(5)
(1980) 741-748.

[23] T. Asakura, T. Ishizuka, T. Miyajima, M. Toyoda,
Finite-difference time-domain analysis of the vibration
characteristics of a beam-plate structure using a
dimension-reduced model, Applied Acoustics, 292
(2015) 76-82.

[24] B. Indraratna, N.N. Trung, C. Rujikiatkamjorn, S. Soltan,
Coupled discrete element—finite difference method for
analyzing the load-deformation behavior of a single

stone column in soft soil, Computers and Geotechnics,
63 (2015) 267-278.

[25]K.S. Virdi, Finite difference method for nonlinear
analysis of structures, Journal of Constructional Steel
Research, 62 (2006) 1210-1218.

Please cite this article using:

M. Soltani, B. Asgarian, Determination of Lateral-Torsional Buckling Load of Simply Supported Prismatic Thin-
Walled Beams with Mono-Symmetric Cross-Sections Using the Finite Difference Method, Amirkabir J. Civil Eng.,

50(1) (2018) 61-72.
DOI: 10.22060/cecj.2017.11194.4986

1068 ookl yj ylis jl Alie ol @ gl )l (gly

A4l



