
Contents

1 Mechanics of Anisotropic Heterogeneous Shells: Fundamental
Relations for Different Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Initial Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2.1 Curvilinear Orthogonal Coordinate System . . . . . . . . . . . . 3
1.2.2 Shell Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.3 Basic Relations of 3D Elasticity Theory . . . . . . . . . . . . . . . . . . . 10
1.4 Basic Relations for Classical Shell Models . . . . . . . . . . . . . . . . . 14

1.4.1 Strains and Displacements of the Shell . . . . . . . . . . . . . . . 14
1.4.2 Equilibrium Equations . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.4.3 Elasticity Relationships . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.4.4 Boundary Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

1.5 Basic Relations for Refined Shell Models . . . . . . . . . . . . . . . . . . 23
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2 Discrete-Continuous Methods for Solution. . . . . . . . . . . . . . . . . . . . 27
2.1 Discrete-Orthogonalization Method . . . . . . . . . . . . . . . . . . . . . . 28
2.2 Spline-Collocation Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.2.1 Basic Information on Spline-Functions and Their
Application for Solving Boundary-Value Problems . . . . . . 34

2.2.2 B-Splines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.2.3 The Spline-Collocation Method . . . . . . . . . . . . . . . . . . . . 40
2.2.4 Reduction of Two-Dimensional Problems

to One-Dimensional Ones by Spline-Approximation . . . . . 44
2.3 Discrete Fourier Series Method . . . . . . . . . . . . . . . . . . . . . . . . . 47
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

xv

http://dx.doi.org/10.1007/978-981-10-0353-0_1
http://dx.doi.org/10.1007/978-981-10-0353-0_1
http://dx.doi.org/10.1007/978-981-10-0353-0_1
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec1
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec1
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec2
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec2
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec3
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec3
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec4
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec4
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec5
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec5
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec6
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec6
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec7
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec7
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec8
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec8
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec9
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec9
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec10
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec10
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec11
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Sec11
http://dx.doi.org/10.1007/978-981-10-0353-0_1#Bib1
http://dx.doi.org/10.1007/978-981-10-0353-0_2
http://dx.doi.org/10.1007/978-981-10-0353-0_2
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec1
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec1
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec2
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec2
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec3
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec3
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec3
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec4
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec4
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec5
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec5
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec6
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec6
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec6
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec7
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Sec7
http://dx.doi.org/10.1007/978-981-10-0353-0_2#Bib1


3 Some Solutions for Anisotropic Heterogeneous Shells
Based on Classical Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
3.1 Stress-Strain State of Shallow Shells . . . . . . . . . . . . . . . . . . . . . 53
3.2 Noncircular Cylindrical Shells . . . . . . . . . . . . . . . . . . . . . . . . . . 61

3.2.1 Governing Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.2.2 Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

3.3 Stress-Strain State of Shells of Revolution . . . . . . . . . . . . . . . . . 77
3.3.1 Governing Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
3.3.2 Stress State of a High-Pressure Balloon Made

of a Glass-Reinforced Plastic . . . . . . . . . . . . . . . . . . . . . 88
3.4 Free Vibrations of Rectangular Plates . . . . . . . . . . . . . . . . . . . . . 93

3.4.1 Governing Relations . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
3.4.2 Method of Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

3.5 Free Vibrations of Conical Shells. . . . . . . . . . . . . . . . . . . . . . . . 101
3.5.1 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
3.5.2 Method of Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
3.5.3 Analysis of the Numerical Results . . . . . . . . . . . . . . . . . . 106

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

xvi Contents

http://dx.doi.org/10.1007/978-981-10-0353-0_3
http://dx.doi.org/10.1007/978-981-10-0353-0_3
http://dx.doi.org/10.1007/978-981-10-0353-0_3
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec1
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec1
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec2
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec2
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec3
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec3
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec4
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec4
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec5
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec5
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec6
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec6
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec7
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec7
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec7
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec8
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec8
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec9
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec9
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec10
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec10
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec111
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec111
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec11
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec11
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec12
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec12
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec13
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Sec13
http://dx.doi.org/10.1007/978-981-10-0353-0_3#Bib1


http://www.springer.com/978-981-10-0352-3


	Contents



