
PE201: ADVANCED SOLID MECHANICS 

CREDITS = 6 (L=4, T=2, P=0) 

 

 

Course Objective:  

The course is designed to give fundamental knowledge of mechanics of deformable solids 

including stress, strain, stress – strain relations, theories of failure and energy methods. 

Teaching and Assessment Scheme: 

Teaching Scheme Credits Assessment Scheme 

L T P C 
Theory Practical 

Total 

Marks 

ESE CE ESE CE  

150 4 2 0 6 70 30 30 20 

Course Contents: 

Unit 

No. 
Topics 

Teaching 

Hours 

1 Introduction: 

Strength of materials; Elastic and plastic behaviour; Average stress and strain; 

Tensile deformation of ductile metal; Ductile vs brittle behaviour; Concept of 

stress and types of stresses; Concept of strain and types of strain; Units of stress 

and other quantities. 

Analysis of Stress: 

Body force, surface force and stress vector; State of stress at a point; Normal and 

shear stress components; Rectangular stress components; Stress components on an 

arbitrary plane (Cauchy’s stress formula); Equality of cross shears; Principal 

stresses; Stress invariants; State of stress referred to principal axes; Mohr’s circles 

for three-dimensional state of stress; Octahedral stresses; State of pure shear; 

Decomposition into hydrostatic and pure shear (deviatoric) states; Plane state of 

stress; Differential equations of equilibrium; Equilibrium equations for plane stress 

state; Equations of equilibrium in cylindrical coordinates; Axisymmetric case and 

plane stress case. 

16 

2 Analysis of Strain:  

Deformations; Deformation in the neighbourhood of a point; Change in length of a 

linear element; Rectangular strain components; State of strain at a point; 

Interpretation of shear strain components; Change in direction of linear element; 

Cubical dilatation; Change in angle between two line elements; Principal axes of 

strain and principal strains; Plane state of strain; Plane strains in polar coordinates; 

Compatibility conditions (Saint Venant’s equations); Strain deviator and its 

invariants. 

11 

3 Stress–Strain relations for Linearly Elastic Solids: 

Generalized statement of Hooke’s law; Stress–Strain relations for isotropic 

materials; Modulus of rigidity; Bulk modulus; Young’s modulus and Poisson’s ratio; 

Relations between elastic constants; Displacement equations of equilibrium (Lame’s 

equations). 

08 



Unit 

No. 
Topics 

Teaching 

Hours 

4 Theories of Failure or Yield Criteria: 

Maximum principal stress theory; Maximum shear stress theory; Maximum elastic 

strain theory; Octahedral shear stress theory; Maximum elastic energy theory; 

Energy of distortion theory; Significance of the various theories of failure; Use of 

factor of safety in design. 

08 

5 Introduction to Ideally Plastic Solid: 

Ideally plastic solid; Deviatoric plane or π-plane; General nature of yield locus; 

Yield surface of Tresca and von Mises; Stress-strain relations for plastic flow; 

Prandtl-Reuss equations; Saint Venant – von Mises equations. 

Energy Methods: 

Hooke’s law and the principle of superposition; Corresponding force and 

displacement or work-absorbing component of displacement; Work done by forces 

and elastic strain energy stored; Reciprocal relation; Maxwell-Betti-Rayleigh 

reciprocal theorem; Generalized forces and displacements. 

13 

 TOTAL 56 
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Course Outcomes (COs):  

At the end of this course students will be able to ….. 

1. Learn about the elastic and plastic behavior of material and evaluate stress invariants, 

principal stresses and their directions.  

2. Determine strain invariants, principal strains and their directions.  

3. Develop constitutive relationships between stress and strain for linearly elastic solid. 

4. Analyze theories of failure and design components for safe operation. 

5. Examine the properties of ideally plastic solid and apply the concepts of energy methods 

in solving structural problems. 

 

 

 


