Ship structural mechanics
1. Basic concepts of solid mechanics
1.1. Introduction
1.2. Stresses
1.3. Strains and deformations
1.4. The factors causing the stress-strain state of the body
1.5. Static and dynamic subjects
2. Basic equations and general schemes for elasticity tasks solving
2.1. The equations of equilibrium
2.2. The ratio between stresses and strains; compatibility equations
2.3. Determination of strains in a given deformation
2.4. The ratio between stress and strain; generalized law of elasticity
2.5. Basic equations and general sequences of elasticity tasks solutions
2.6. The direct task in displacements for an isotropic body; Lame equation
2.7. Direct task in terms of stresses; Beltrami- Mitchell equation
2.8. Inverse problem of elasticity
2.9. The simplest problems of elasticity theory
3. General properties of stress-strain states; potential energy of an ideal elastic
body
3.1. The properties of the stress state at the point; stress tensor
3.2. The properties of strained state at the point; strain tensor
3.3. The deformation of the volume and shape
3.4. The strain potential energy of a linear elastic body
3.5. Theories of strength
4. Brief information on the basic dependences of plasticity theory, creep and
nonlinear elasticity
4.1. Physically nonlinear problems of elasticity and plasticity theory; the general
provisions
4.2. The mechanical properties of elastic-plastic material under uni-axial stress state
4.3. The condition for the onset of yield strength and hardening of the material in the bulk
state of stress
4.4. The laws of the metal loading
4.5. The deformation theory of plasticity
4.6. The theory of metal yield
4.7. Creep of materials
4.8. Technical theory of creep
4.9. The main functions of the nonlinear theory of elasticity
5. Clear torsion of prismatic bars
5.1. Formulation of the problem and the general equations
5.2. Membrane analogy
5.3. Clear torsion bars simply connected
5.4. The torsion of multidimensional bars
6. Flat task of elasticity
6.1. The basic equations of the plane problem, the stress function
6.2. Solution of plane problems for a rectangular plate

6.3. Examples of solving problems in trigonometric series; the coefficient of the beam
belt reducing
6.4. Flat task of elasticity theory in polar coordinates
6.5. Examples of the plane problem solving in polar coordinates
6.6. Stress state of infinite and semi-infinite plates
7. The main stages of the deformable bodies calculation; a summary of the matrices
7.1. The main stages of investigating the state of deformable bodies
7.2. Examples of problems in structural mechanics the ship, requiring the use of
approximate numerical methods
7.3. Basic information about matrices and matrix operations
8. Methods for solving one-dimensional linear problems of structural mechanics
8.1. Matrix form of the basic equations describing the one-dimensional boundary value
problems of structural mechanics
8.2. The method of initial parameters
8.3. Numerical methods for solving the Cauchy problem
8.4. The generalized method of initial parameters
8.5. Accuracy and reliability of numerical computations in structural mechanics
9. The grid methods
9.1. Collocation method
9.2. Least square method
9.3. The grid method
10. Variational methods and general theorems of structural mechanics
10.1. Linear and nonlinear elastic deformable systems
10.2. The action of external forces and potential energy of elastic systems
10.3. Generalized strains and generalized forces
10.4. Some theorems of the theory of elasticity and structural mechanics
10.5. The principle of virtual strains
10.6. The Ritz method
10.7. The generalized method of Bubnov – Galerkin
10.8. The method of Bubnov – Galerkin
10.9. The method of the Kurdyumov - Kochanov
10.10. The method of Treffts
10.11. The principle of the possible states of stress
10.12. Lowering the dimension of the initial boundary value problem, the method of
Kantorovitch
11. The Finite Element Method
11.1. Idealization of the original structure
11.2. Stiffness matrix and the compliance of a finite element
11.3. Method of strains
11.4. Reduction of volume and surface forces, as well as initial strains to equivalent
nodal external forces
11.5. The transformation of stiffness matrix and the vector of the final element nodal
loads when you turn the coordinate axes
11.6. The simplest types of finite element
11.7. Beam element
11.8. On an overall system of equations by finite element method
11.9. Example of calculation of the core design by finite element method

11.10. Element of the plate to solve the plane problem of elasticity theory
11.11. Accounting for geometric and physical nonlinearity of structures
11.12. Universal algorithm for the finite element method
11.13. Superelement method for the strength calculating
12. Methods for nonlinear problems solving
12.1. The method of successive approximations
12.2. The method of elastic solutions
12.3. Modified Newton-Raffson method
12.4. Step method of loading
13. Bending of straight beams
13.1. Beam as one of the main structural elements of the ship hull and the physical
model to calculate some complex ship structures
13.2. The main hypothesis and the dependences of the beams bending technical theory
13.3. The differential equation of beam bending and its integration
13.4. The method of initial parameters
13.5. The principle of superposition and reference tables of beams bending
13.6. Determination of shear stresses of beams bending
13.7. Bending of beams considering shear deformation
13.8. Multi-span continuous beam on independent elastic supports; theorem of five
moments of force
14. Frames consisting of straight bars
14.1. Frame as a structural block for ship hull; classification and assumptions
14.2. Flat simple frames
14.3. Flat complex frames
14.4. The spatial frames; the method of finite elements
14.5. General characteristics of the methods for beam systems calculating
15. Curved frames
15.1. Curved frame as a structural block for ship hull; the basic assumptions
15.2. Determination of strains of statically determinate curved frames with Castigliano's
theorem; disclosure of statically indeterminate frames by the concept of the minimal
work of force
15.3. Mechanical calculation of circular rings and structures of circular arcs with struts
15.4. Application of the finite element method in the calculation of curved frames
16. Bending of beams on elastic foundation, and related problems
16.1. Beam on elastic foundation as a model for the calculation of ship structures
16.2. The differential equation of bending of a beam on a continuous elastic foundation
and its integral (solution)
16.3. Determining the parameters of single-span bending of beams on elastic foundation
16.4. Calculation of elastic clamped and continuous beams lying on a continuous elastic
foundation
16.5. Bending of a semi-infinite beam on elastic foundation
16.6. Accounting for the shear effects in the determination of beams deflections on
elastic foundation
16.7. The calculation of not-prismatic beams on elastic foundation of variable stiffness
16.8. Bending of composite beams with elastic restraints

17. Bending of flat floors
17.1. Flat floor as a model of ship structures; the basic assumptions
17.2. Bending of floors with a small number of beams
17.3. Bending of floors with a cross-connection and a large number of beams of the main
directions
17.4. Analysis of floors with a cross-connection bending
17.5. Bending of floors with a few cross-connections and a large number of beams of the
main directions
17.6. Accounting for the effect of shear strain in the calculation of floors
17.7. Approximate methods of calculating of the plane floors
18. Restrained torsion of thin-walled rods
18.1. The main function of the theory of constrained torsion and bending of thin-walled of
open section
18.2. Sectoral characteristics of the section; the center of the bending and its
determination
18.3. Generalized forces in bending and torsion of thin-walled profiles
18.4. Integration of the equations of equilibrium; boundary conditions; an algorithm for
solving
19. Complex bending of rods
19.1. Basic concepts, dependences and equations of the theory of complex bending rods
19.2. Complex bending of prismatic bars; assessment of the impact of axial forces on the
parameters of the bending
19.3. Complex bending of the rod with the elastic spacers
19.4. Calculation of complex bending of multispan composite rods
19.5. Calculation of single-span not-prismatic rods complex bending
20. The stability of rods and rod systems
20.1. General concepts of the stability of elastic systems and research methods
20.2. Stability of single-span central - compressed rods
20.3. The influence of deviations from Hooke's law on the stability of rods
20.4. The stability of multispan rod based on equidistant elastic supports
20.5. Sustainability of marine flat floors
20.6. The concept of plane bending stability loss
21. Bending and stability of flat rectangular plates
21.1. The basic definitions, assumptions and dependencies
21.2. The theory of bending of thin rectangular plates; the system of differential
equations and boundary conditions
21.3. Types of plates in mechanical calculations
21.4. Bending rigid isotropic rectangular plates
21.5. Bending stiff orthotropic rectangular plates
21.6. Approximate methods for solving of tasks of stiff plates bending
21.7. Stability of rectangular plates
21.8. Stability of compressed plates supported by ribs
21.9. Approximate methods for solving problems of plates stability
21.10. Bending of plates with large deflection, part of plates, loses its stability, in the
perception of the compressive load
21.11. Complex bending of plates on a cylindrical surface; the definition of continued
stress and reduction factors
21.12. The general scheme of calculation of ship's thin-walled structures

22. Bending and stability of thin circular cylindrical shells
22.1. Basic concepts and assumptions
22.2. The components of the deformation of a circular cylindrical shell
22.3. Linear forces and moments
22.4. Depending on the stresses, efforts and strains
22.5. Differential equations of the theory of thin circular cylindrical shells
22.6. Types of stress states of shells; moment-free stress state
22.7. Bending of isotropic closed circular cylindrical shell loaded uniform hydrostatic
pressure
22.8. The stability of isotropic circular cylindrical shell loaded uniform pressure
22.9. Stability of circular cylindrical shell reinforced by annular and longitudinal ribs and
loaded by hydrostatic pressure
22.10. Practical calculation of the shells stability
23. The simplest problem in the theory of plasticity
23.1. The simplest problem of the deformation theory of plasticity
23.2. Elastoplastic bending of beams
24. Ultimate loads of bars and rods systems
24.1. Limit loads single-span beams
24.2. Limit load of multi-span beams and frames
24.3. Ultimate loads of floors
24.4. The influence of shear forces on the ultimate loads of beams

