Additional notes on Chapter 5-Part 1

The concept of constitutive equation, in general and linear elastic isotropic solids in particular.  Reduction of the general form of constitutive equation 
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 is reduced to 36, 21, 13, 9, 5 and 2 constants. What are the conditions that make the reduction possible?

The concept of anisotropy and isotropy should be understood. In order to verify if a specific tensor is symmetric or not, one needs to the constitutive tensor with respect to the plane of symmetry.

Problems 5-1 and 5-2: To show that a given tensorial (vectorial) quantity is isotropic

Solution method: The tensor should remain invariant under the rotation. In problem 5-1, if one does a complete reflection about all the three axes, then the rotation tensor becomes 
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Now you can show that only a null vector is a possible candidate as an isotropic vector.

If there is a plane of symmetry, then the constitutive tensor should be invariant under a reflection about that plane.

Problem 5-3: Show that for an anisotropic linear elastic material, the principal direction of stress and strain are not coincident.

Solution method:

Choose the principal values of strain tensor, i.e., 
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 Then you can show that while the strain components are in principal directions, there will be off-diagonal terms in stress.

Problems 5-4 to 5-6: Conversion of elastic constants (engineering, Lame)-Direct application of the table.

Problems 5-7-5-8: Given strain at a point to determine stress for a linear elastic isotropic material.

Use the equation, 
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Problems 5-9 to5-10: Given stress at a point, determine strain and volume changes

Use the equation
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Problem 5-11: Application of elastic relations to determine the maximum/minimum values of Poissons ratios. Use the fact that the elastic constants can be infinite.

Problems 5-12 and 5-13: Given some functional forms of motions to prove certain identities.

Use the basic mathematical principles and apply small strain limitations.

Problems 5-14 to 5-16: Given displacement fields, to find the strain and the stress fields. Also verifying compatibility and equilibrium equations.

Direct use of the concepts studied so far.

Problem 5-38-5-41: Problems that use mechanics of materials concept. Calculating forces, displacements from one dimensional force balance.

Problem 5-42: Applying a force on a circular shaft, and determining shear stress at a given angle.

Problem 5-43: A bar is subjected to axial stress. Suppose the lateral surface is constrained, determine the state of stress.

Use the boundary condition strain component 
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 on the surface. Now compute the stresses and strain; compute the effective Young’s modulus.

Problem 5-44: Given a state of stress, to find deviatoric stress and its invariant

Problems 5-45 and 5-46: Application of moment equilibrium

Problem 5-47: Given the state of loading verify if the boundary conditions are valid when the body forces are present.

Problems 5-48 to 5-53: Application of torques to circular shafts

Problem 5-54: Circular shaft under combined loadings

Problems 5-55 to 5-58: Non circular shafts- application of boundary conditions.

Problems 5-59 to 5-60: Shaft with triangular cross section.
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