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Flexural Analysis of Laminated Composite T-Beams

Back, Sung Yong'*
'Professor, School of Civil and Urban Engineering, Inje University, Gimhae, 621-749, Korea

Abstract - A shear-flexible beam element is presented for the flexural analysis of laminated composite T-beams with arbitrary
lay-ups. Based on the first-order shear deformable beam theory, the derived element takes into account warping shear
deformation and all coupling coming from material anisotropy. Three different types of beam elements, namely, the two-noded,
three-noded, and four-noded beam elements with seven degree-of-freedom per node are developed to solve governing equations.
To demonstrate the versatility and accuracy of the beam element formulated, numerical results are performed for symmetric and
anti-symmetric angle-ply composite T-beams under the uniformly distributed and concentrated load. The effects of fiber angle
and shear deformation are investigated for different laminated stacking sequence. The quadratic and cubic elements are shown to
be applicable to the flexural analysis of composite T-beams.

Keywords - Shear-flexible beam element, Composite T-beams, Shear deformation, Fiber angle
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Fig. 1. Definition of coordinates in thin-walled section
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Table 1. Displacements (cm) at mid-span of a simply supported
beam under uniformly distributed load (L/h=20)

i Present

e | ABAQUS
[0]6 3.010 2.931 2.872
[15/ —15], 3.303 3.231 3.098
[30/ —30],, 4395 4352 3.857
[45/ —45], 6.310 6.227 5.263
[60/ —60], 7.960 7.860 7.006
[75/ =751, 8.653 8.529 8.173
[0/90],, 4.432 4354 4.265
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Table 2. Maximum displacement (cm) of a cantilever beam under uniformly distributed load (L/h=10 & L/h=20)

Stacking L/h=10 L/h=20
sequence ABAQUS 7. =0 Present €. =0 ABAQUS 0, =0 Prezent e, =
0], 0.1863 0.1781 0.1745 2.806 2.783 2.725
[15/ —15], 0.2030 0.1958 0.1878 3.092 3.075 2.947
[30/ —30], 0.2671 0.2610 0.2329 4.135 4.130 3.682
[45/ —45], 0.3814 0.3750 0.3170 5.952 5.958 5.035
[60/ —60],, 0.4828 0.4730 0.4216 7.532 7.526 6.708
[75/ —75],, 0.5274 0.5132 0.4917 8.195 8.168 7.827
[0/90], 0.2727 0.2630 0.2576 4.164 4.156 4.070
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Table 3. Convergence of beam elements for mid-span displacement (cm) of a simply supported beam (L/h=20)

=
oX
oo

Stacking : Present ; :
sequence ABAQUS Linear Quadratic Cubic
n=4 n==~§ n =16 n =232 n=1 n=2 n=1
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[30/ —30], 1.470 1.444 1.461 1.466 1.467 1.467 1.467 1.467
[45/ —45], 2.117 2.084 2.109 2.115 2.117 2.117 2.117 2.117
[60/ —60], 2.678 2.633 2.664 2.672 2.674 2.675 2.675 2.675
[75/ —75], 2912 2.858 2.892 2.900 2.902 2.903 2.903 2.904
[0/90],, 1.477 1.453 1.470 1.475 1.476 1.476 1.476 1.476
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Fig. 3. Variation of mid-span displacement of simply supported
beams (L/h=5 & L/h=10)
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