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COURSE CONTENT
ANALYSIS AND DESIGN OF COMPOSITE STRUCTURES

I Semester: AE
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I. COURSE OVERVIEW:

The course focuses on properties of constituent materials and composite laminates, and also provides insight
into different analysis approaches of composite materials. It imparts knowledge about different theories of
analysis of laminated beams and plates. The course is aimed to obtain knowledge also in different failure
theories and concepts of composite materials.

I1. COURSE OBJECTIVES:
The students will try to learn:
I.  The contribution of constituent materials to the mechanical properties of composite laminates.
II.  The various analysis approaches of composite plates and beams.
L. The different failure theories of composite materials.

[II. COURSE OUTCOMES:
After successful completion of the course, students will be able to:

CO1 Apply the knowledge of properties of constituent materials to analyse the composite
materials

CO 2 Develop stress-strain relations of isotropic, orthotropic, and anisotropic composite materials
to design the composite laminates

CO3 Apply the knowledge of classical lamination theory for analyzing various composite
materials

CO 4 Explain the mechanical behavior of layered composites compared to isotropic materials

CO 5 Develop relationships of mechanical loads applied to a laminate to analyze the strains and
stresses in each lamina

CO 6 Identify the failure of individual lamina in a laminate to analyze the failure criteria of
composite laminates



MODULE-I: PROPERTIES OF CONSTITUENT MATERIALS & COMPOSITE

LAMINATES (09)

Introduction to laminated composite plates- mechanical properties of constituent materials such as matrices
and filaments of different types. Netting analysis of composite materials, determination of properties of
laminates with fibers and matrices.

MODULE-II: MICROMECHANICS OF A UNIDIRECTIONAL COMPOSITE (09)

Volume and Weight Fractions in a Composite Specimen - Longitudinal Behaviour of Unidirectional
Composites - Load Sharing - Failure Mechanism and Strength - Factors Influencing Longitudinal Strength
and Stiffness - Transverse Stiffness- and Strength - Prediction of Elastic Properties Using Micromechanics
-Typical Unidirectional Fiber Composite Properties - Minimum and Critical Fiber Volume Fractions.

MODULE-III: METHODS OF ANALYSIS-I & METHODS OF ANALYSIS -II (09)
Mechanics of materials approach to determine Young’s modulus, shear modulus and Poisson’s ratio. Brief
mention of elasticity approach and macro mechanics of laminates.

Anisotropic elasticity, stress -strain relations in material coordinates - Transformation of geometric axes,
strength concepts, biaxial strength theories, maximum stress and maximum strain.

MODULE-IV: ANALYSIS OF LAMINATED BEAMS AND PLATES (09)

Classical plate theory, Classical lamination theory - Special cases of single layer, symmetric, anti-symmetric
& unsymmetric composites with cross ply, angle ply layup. Deflection analysis of laminated plates, Analysis
of laminated beams and plates.

MODULE-V: SHEAR DEFORMATION ANALYSIS & BUCKLING ANALYSIS (09)
Design consideration — Mechanical properties of composite materials - Analysis of composite beams — Thin-
walled composite beams — Bending and Buckling analysis of composite plates - Analysis of sandwich plates
- Inter-laminar stresses - Delamination models - Preliminary design of composite structures for acrospace
applications - Composite tailoring and design issues — Future scope for composites research.
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