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Fig. 1. FML beam with variable doubly symmetric I-section under external distributed loads: Coordinate system, nota-
tion for displacement parameters, definition of load eccentricities, and web and flanges lay-up arrangement
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Fig. 2. Fixed-free laminated composite I-beam with varying cross-sections subjected to uniformly distributed load: geo-
metric properties, lay-up arrangement, and loading position
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Table 1. Mechanical properties of the materials [39]
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Table 2. Parameters affecting lateral buckling load
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@S (i jlel ) -F
58 s Al (gainJge 8 LB (o) g (i sltel Holate @
lo @l balol> Jizeg- il GileS )b polie ol anlllas
lony 3 5 dglie el Sgazes clp 153 05 rionen g iz
5B sbaYar Gam an gildas cuzr soanie slahs,
by el Ll o )ls Sz sl Sl53 o5 5l oolizl L LI
Szs8 s olal plo & Cubrs cons oSSl cle 4 S3L Jlas
LTRE V=) Y0 O8] 5 Came )l o)lson atng ledl ccel
shellvAy aiwgs Lol 31 alivcs dwsid @ az g5 b umghy (pl 4o
ol 1580 o5 sloal, 5l s S 0 GIFY JSCS s eas ool olis
Ol sllo 6,3 aaS 0400 0,8 cuie ol pl el sali ool

Gl a5 sl (L3 2 4z )0 dw g oluls ax 0 daw) goljl ax o

B pezm puS dm o eyl Sgdoe (owyp B cezm> S
gwwxdpsbmywbw&éww s O ygu0 A
[val 30 )5 oo iy oS Coal

nXxty

MVF = YY)

Lam
B9 » Cwlbral pguingd] slaas¥ slaws 71 (YY) akal, ,o
&S > s MVF= aib o J5 Culs Lom 9 r°9'~f"-f"’9ﬂ
8 e 4 MVF=\ 5 ol ails 0939 (05505 slaasY s
e ciileS codyl  She Jelse 5l SO el BLI e

el oo 00lo HLaS ¥ Jga 0 o] &l o5l 9 G 8,90

Metal Volume Fraction (MVF)

oYo



OYFA U OYY dxido NFe o JL‘“ N D)Lo.w HY 0,93 ‘).....g)ml ;i.yls‘o u»o.\...e(c d..;).a.w

S50 00 yiund )b o puiiho @lailo b Juado yu 90 (Ked o (ol LS )l 2 (G el Slaad 1Y Jguar
Table 3. Convergence study of the DQM-based results in terms of lateral buckling load for a simply supported tapered
homogenous I-beam under uniformly distributred load
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Fig. 5. Finite element modeling of thin-walled beam using ANSYS, (a) uniform beam, (b) tapered beam
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Table 4. The lateral buckling loads comparison between the present methodology and ANSYS code for distributed load
applied at the centroid when MVF=(.2
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Fig. 6. The first lateral buckling mode of FML I-beam subjected to uniformly distributed load, (a) uniform beam, (b)
tapered beam
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Fig. 7. Variation of the lateral buckling load versus lamina orientation of both flanges: effect of metal volume fraction, for
different tapering ratios, and for a transverse load applied at the top flange
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Fig. 8. Variation of the lateral buckling load versus lamina orientation of both flanges: effect of metal volume fraction, for
different tapering ratios, and for a transverse load applied at the centroid
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Fig. 9. Variation of the lateral buckling load versus lamina orientation of both flanges: effect of metal volume fraction, for
different tapering ratios, and for a transverse load applied at the bottom flange
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Table 5. The estimated lateral buckling load for non-uniform cross-section under uniformly distributed load versus lam-
ina orientation of both flanges
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Fig. 10. Variation of the lateral buckling load versus lamina orientation of the web: effect of metal volume fraction, for
different tapering ratios, and for a transverse load applied at the top flange
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Fig. 11. Variation of the lateral buckling load versus lamina orientation of the web: effect of metal volume fraction, for
different tapering ratios, and for a transverse load applied at the centroid
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Fig. 12. Variation of the lateral buckling load versus lamina orientation of the web: effect of metal volume fraction, for
different tapering ratios, and for a transverse load applied at the bottom flange
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Fig. 13. Variation of the lateral buckling load versus lamina orientation of the web and both flanges: effect of metal vol-
ume fraction, for different tapering ratios, and for a transverse load applied at the top flange
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Fig. 14. Variation of the lateral buckling load versus lamina orientation of the web and both flanges: effect of metal vol-
ume fraction, for different tapering ratios, and for a transverse load applied at the centroid
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Fig. 15. Variation of the lateral buckling load versus lamina orientation of the web and both flanges: effect of metal vol-
ume fraction, for different tapering ratios, and for a transverse load applied at the bottom flange
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Fig. 16. Variation of the lateral buckling load with respect to the metal volume fraction and web tapering for GLARE and
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Fig. 17. Variation of the lateral buckling load with respect to the metal volume fraction and web tapering for GLARE and

CARALL sections: transverse load applied at the centroid
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Fig. 18. Variation of the lateral buckling load with respect to the metal volume fraction and web tapering for GLARE and
CARALL sections: transverse load applied at the bottom flange
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