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Finite Element Formulation Based on Enhanced First-order Shear
Deformation Theory for Thermo-mechanical Analysis of
Laminated Composite Structures

Jun-Sik Kim*, Dae-Hyeon Na**, Jang-Woo Han**"

ABSTRACT: This paper proposes a new finite element formulation based on enhanced first-order shear deformation
theory including the transverse normal strain effect via the mixed formulation (EFSDTM-TN) for the effective
thermo-mechanical analysis of laminated composite structures. The main objective of the EFSDTM-TN is to provide
an accurate and efficient solution in describing the thermo-mechanical behavior of laminated composite structures by
systematically establishing the relationship between two independent fields (displacement and transverse stress fields)
via the mixed formulation. Another key feature is to consider the thermal strain effect without additional unknown
variables by introducing a refined transverse displacement field. In the finite element formulation, an eight-node
isoparametric plate element is newly developed to implement the advantage of the EFSDTM-TN. Numerical solutions
for the thermo-mechanical behavior of laminated composite structures are compared with those available in the open
literature to demonstrate the numerical performance of the proposed finite element model.
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Fig. 1. Geometry and coordinate of laminated composite plate
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Table 1. Deflection of analytical and finite element method

Loading case P,#0 T,#0
Analytical Solution 2.19845 0.010965
2 by 2 element 1.83353 0.010213
Finite 4 by 4 element 2.18186 0.010910
Element 8 by 8 element 2.19750 0.010962
Solution 16 by 16 element 2.19839 | 0.010965
32 by 32 element 2.19845 0.010965
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Fig. 3. [Single layer]: Transverse shear stresses (T, # 0)
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