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1. Validation Case 47

1.1. Model Description

Basic validation and verification of the laminate's analysis models implemented in a FEA software must consider the assessment of 
the membrane and bending stiffness characteristics and the membrane and bending strength analysis [1]. The present document 
addresses the first of these issues (i.e. the membrane and bending stiffness characteristics) to assess the behavior of the classical 
lamination theory (CLT) implemented in RamSeries. To this aim, the benchmark problems provided in [1] are reproduced. The 
stiffness matrix characteristics obtained with RamSeries are compared againsts the results reported in [1].

The examples presented here comprise laminates that exhibit no coupling in the stiffness matrix with both, isotropic and orthotropic 
plies. A number of tests with stacking sequences leading to different forms of coupling are also presented.

In all cases, a single 4-noded quadrilateral element is used for shell discretization. An schematic representation of the shell geometry 
under analysis is presented in Fig.1. 

Fig.1. Dimensions of the laminated shell under analysis. The shell is discretized using a single quadrilateral element.

Laminate definition and material properties are summarized for each test case in the following tables.
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Table 1. Material properties and laminate's definition for case 1. It corresponds to a simple laminate consisting in four plies of 
isotropic material with all plies oriented at zero degrees with respect to the laminate's axes.
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Table 2. Material properties and laminate's definition for case 2. It corresponds to a simple laminate consisting in four plies of 
orthotropic material with all plies oriented at zero degrees with respect to the laminate's axes.
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Table 3. Material properties and laminate's definition for case 3. It corresponds to a symmetric balanced laminate with plies of 
orthotropic material.
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Table 4. Material properties and laminate's definition for case 4. It corresponds to a cross-ply laminate with plies of orthrtropic 
material. It results in a laminate with membrane/bending coupling.
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Table 5. Material properties and laminate's definition for case 5. It corresponds to an unsymmetric unbalanced laminate with plies of 
orthrtropic material. It results in a fully populated membrane/bending coupling matrix.
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Table 6. Material properties and laminate's definition for case 6. It corresponds to an unsymmetric laminate with plies of orthrtropic 
material, exhibiting membrane-bending coupling behavior.

1.2. Results
For the sake of validation, the terms of the membrane, bending and coupling modulus matrix obtained with RamSeries for each 
laminate are compared with the corresponding values reported in the NAFEMS document [1].
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1.3. Validation Summary

RamSeries Solver version 14.0.2
CompassFEM version 14.0.2
Validation date 2018-10-23
Benchmark status Successful
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