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Original Research Paper In this paper, by defining a novel analytical derivation method for a composite beam, using the suitable
Received 15 August 2017 assumptions, the stiffness coefficients and torsional rigidity (shear modulus) for single-cell and multi-
Accepted 04 October 2017 cell thin walled layer wise composite sections of a beam are calculated. The results are presented in the

Available Online 18 November 2017 form of Maple and FORTRAN codes in order to calculate these parameters in a timely manner. These

parameters are used for the preliminary structural analysis of the beam. The nonlinear Euler Bernoulli
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Equivalent shear modulus beam assumptions are used to derive the stress-strain and strain-curvature relations. Next, by using the
Composite material potential energy and elastic curvature relation for elastic beams, the stiffness parameter is calculated.
Stiffness coefficients Then, the equivalent torsional rigidity is introduced for single and multi-cell thin walled layer wise

Single and multi-cell sections composite sections, using the stiffness parameter. To verify the validity of the computations, the results

are compared with the numerical results obtained from a finite element analysis. The results show that
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Fig. 6 Geometric dimensions and coordinate system in a rectangular
thin- walled cross- section
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Table 1 Geometrical information of rectangular thin- walled cross-
section
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Table 5 Geometrical information of thin-walled three-cell closed cross-
section
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Fig. 8 Modeling the wing sections in finite element software
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Table 6 Comparison of the GJ in present study & finite element results
for composite wing section create of graphite-epoxy materials
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Table 3 Comparison of the GJ in present study & finite element results
for rectangular thin- walled composite section of graphite-epoxy
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Table 4 Comparison of the GJ in present study & finite element results
for rectangular thin- walled composite section of glass-epoxy
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Fig. 7 Geometric dimensions in a composite thin-walled three-cell
closed cross-section
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Fig. 9 Variation of stiffness parameters vs. ply angle at the composite
wing, a) D11, D2, D1z, D33 and GJgq equivalent torsional rigidity, b)
Comparing D13, and equivalent torsional rigidity GJeq
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Table 7 Comparison of the GJ in present study & finite element results
for composite wing section create of glass-epoxy materials
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Table 8 Geometrical information and material property of composite
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