Multiple choice exam.
How can you learn best about stress and strain?
a) fly on Apollo 183,
b} talk to people whose pulse is two standard deviations faster than normal,

¢) go to graduate school,
d) take TAM 663,

Answer: ¢ & d. Go to graduate school at Cornell and relaxedly enjoy TAM 663,

T&AM 663, Fall 1998
Introduction to Solid Mechanics

(Introduction to Stress and Strain)

How do you measure the load on a material? How do you describe the deformation
of solids? How does the load affect the deformation? How do you describe the
differerence between materials? How does load in one place affect deformation in
another? How do you quantify the strength of a solid?

Andy Ruina, draft August 15, 1998

Note day, time and room change.

Tuesday, Thursday 1:25-3:00 PM, Thurston 201. Some meetings in a room TBA
Thursdays from 3:00-4:30. First meeting Thursday August 27 at 1:25 PM.

Recommended text: CONTINUUM MECHANICS for ENGINEERS by Mase & Mase, CRC Press, We will not cover the fluid mechanics
part of this book. We will cover elasticity topics not covered in this book, several books will be on reserve in the library that cover these
topics (more or less): Malvern, Fung, Schaum's Outline.

Homeworks, from the text and from handouts, will be assigned at most lectures and due about one week later. The homework will marked
for needed improvement. At the end of the semester a complete set of correctly done homework will be handed in. Thers will be a closed
book, closed note final exam with some problems closely modeled on the homework. Labs are described in a separate handout. Lab time will

be scheduled in lecture,

Approximate Syllabus
Lectures# Lecture Content
1-3. Introduction. Math Preliminaries (1st lecture of three). Vectors: components, base vectors. Einstein summe-
tion convention. Polar coerdinates. Tensors: Linear operators, dyadics, matrices. i, €555 -
Change of basis, Change of coordinates. Rotation. Diagonalization.
Gauss theorem. Divergence theorem. ¥ {(direct, cartesion and polar}, grad and divergence.

4&5 Introduction to stress. True stress (Cauchy stress) only(l). Surface forces, body forces, Cauchy tetrahedron. Linear and
Angular momentum balance: integral form, differential form, little cubes, Polar coord using V- g and with a little thombus,

6. Introduction to Deformation, keeping track of fibers. x, X, F. Polar Decomposition: R, U and V. Strain: E.
Examples: isotropic stretch, one dimensional stretch, simple shear, pure rotation.

7. Small Deformations. Approach : R & I+w & Um I+ Approach I ey = sym{uy;} and wij = antisym{uss}.
Examples: pure stretch, isotropic stretch, simple shear, pure shear, pure rotation. Bulk strain, engineering strain, Compatability
(necessary conditions only). Plane strain and compatability. Anti-plane strain. Average strain (using divergence theorem).

889 Principle of Virtual Work. Linear momentum balance + compatability +(oy; = 0j3) = PVW. PVW +(0y; = o5)=>
linear momentum balance. A convenient statement of divergence theorem, whether or not equilibrium is satisfied. s
Use of PYW to approximate equilibrium in numerical caleulations. PYW eqn with the actual stress and actual strain rate and the
energy (power, actually) balance equation.

10. Introduction to Constitutive laws, uniaxial only. Elsstic: linear, non-linear, path independence. Linesr visco-
elastic (especially simple models). Plastic (simple models). Rate dependent inelastic laws. General constitutive laws.
11. Introduction to LINEAR ELASTICITY. 3D constitutive laws (81 constants => 36 constants), Use strain-

displacement relations, or strain-compatability relations. Momentum Balance, Common types of boundary conditions and bound-
ary value problems. Sample solutions: uniform stress and strain.
12. Strain Energy. Definition. Path independence. Force field analogy and the existence of a potential. Strain energy density
and the total strain energy. 36 constants = 21 constants.
13. Linearity and superposition. The fact. Examples.
14. Symmetry and the elastic constants. Orthotropic, cubic, axi-symmetric, isotropic. Isotropic elastic constants (E, v,
G, M\ & «) and their meanings (simple experiments which isolate them).
15. Potential and Complementary Energy. Definition. Minimum principles. Uniqueness.
16. Reciprocal Theorem The fact. Examples,
17. Approximate solutions and numerical methods. Raleigh-Ritz. Finite Element.
18-19, gteigtion of exact 3-D theory to Strength of materials. Rod in tension. Round rod in torsion. Beam in pure
ending.
20. 2-D Theories. Plane strain, plane stress, anti-plane strain. Governing equations. Motivating concepts.
21-24. 2-D Elasticity Solutions Pressurized hole, squeezed cylinder, Sine-wave on a half-space. Stress concentration at a hole.
Stress function. Shear lag (approximate) models. Approximate numerical solutions.
25. Saint Venant Introduction to elastodynamics. Plane waves.
26827, Saint Venant Theory of Torsion.
28. Unscheduled.
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