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Static Analysis of Continuous Fiber-Reinforced Laminated Beams
Based on Hybrid-Mixed Formulation
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Abstract : In this study, an accurate 2-noded hybrid-mixed element for continuous fiber-reinforced laminated beams

is newly proposed. The present element including the effect of shear deformation is based on Hellinger-Reissner

variational principle, and introduces additional consistent nodeless degrees for displacement field interpolation in

order to enhance the numerical performance. The micromechanical and lamination theory are employed in the

finite element description to consider the effects of the laminate stacking sequences, material orthotropy, and fiber

volume fraction, etc. The element stiffness matrix can be explicitly derived through the stationary condition and

static condensation using Mathematica program. Several numerical examples confirm the accuracy of the present

hybrid-mixed element and also show in detail the effects of the continuous fiber volume fraction, stacking

sequences and boundary condition on the bending behavior of laminated beams.
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Fig. 1 A fiber-reinforced laminated beam model
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Table 1 Comparison of transverse deflections of
laminated composite beams with various

boundary and load conditions

) Maximum deflection
Laminated beam
Exact HMC2 Present
Central 1 1 1 1
Hinged: | point load Ecl+ 15 67401+ 15 Eclezsl
Hinged | Uniform | 5 1 3 1 4 1
load |3812 T g% 3ea 2T g 3ea 2T g%
Central 1 1 1 1 1
Fixed- | point load | 1021 T 4% 4% et yS
Fixed | Uniform | 1 n 1 1 1 " 1
joad [38427 8% g [384 2T g™
Central 1 1 1
+ —c + —c+
Fixed- |point load | 3 aTa 1T 3975
Free | Uniform | 1 1 1 1 1 1
load §CQ+ESQ §02+552 §02+552
FAuA A AN (L/H) < 108 BS &
FAAD ASun Mad Agagel aust 27
UEYaL o) o2 RE AAx] AdHye I
71 & ¥Fs FIL Aee & F Utk 283, A
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Fig. 2 Transverse deflection versus L/H of simply-
supported (SS) and clampled-clamped (CC)
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Fig. 3 The effect of material orthotropy and shear

deformation on transverse deflections of

simply-supported laminated beams
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Fig. 4 The effect of lamination angle on maximum
deflections of two-layer antisymmetric angle-
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Table 2 Material properties

Materials Orthotropic
Epy 220 GPa
Fiber Ly, 13.79 GPa
Gf12 30.11 GPa
Vpy 0.22

Matri E, 3.45 GPa

atrx G, 1.28 GPa
Uy, 0.35
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