MECH 6350
Advanced Solid Mechanics

Spring 2014
Instructor: Prof. Xin-Lin Gao
Office: 3.208 ECSN Phone: (972)883-4550
E-mail: Xin-Lin.Gao@utdallas.edu http: http://me.utdallas.edu/people/
Classroom: ATC 2.101 Time: TR 2:30-3:45 pm

Prerequisites: MECH 6306 (Continuum Mechanics) or equivalent

Textbook:
e Martin H. Sadd, Elasticity: Theory, Applications, and Numerics, 2nd edition,
Elsevier, 2009

Reference Books:

e S.P. Timoshenko and J. N. Goodier, Theory of Elasticity, 3rd edition, McGraw-Hill,
New York, 1970

e W.S. Slaughter, The Linearized Theory of Elasticity, Birkhduser, Boston, 2002

e R.W. Little, Elasticity, Prentice-Hall, Englewood Cliffs, New Jersey, 1973

e P.C. Chouand N. J. Pagano, Elasticity: Tensor, Dyadic, and Engineering
Approaches, D. Van Nostrand, Princeton, New Jersey, 1967

e A.P.Boresi and K. P. Chong, Elasticity in Engineering Mechanics, 2nd edition,
Wiley, New York, 2000

e R.W. Ogden, Non-Linear Elastic Deformations, Ellis Harwood, Chichester, England,
1984

Grading:
Homework 10%
Exams (2x45%) 90%

Office Hours: TR 4:00-5:00 pm

Course Objectives:

e To learn the concepts of stress, strain and energy and the stress and displacement
formulation methods

e To derive equilibrium, constitutive, kinematic and compatibility equations using
different approaches

e To study the generalized Hooke’s law for anisotropic solids

e To find approximate solutions of two- and three-dimensional engineering mechanics
problems by using suitable assumptions

e To understand the nature of the approximations and their effects on the accuracy of
the resulting elasticity solutions

e To apply the elasticity theory to analyze deformation problems common in
engineering design
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Course Outline*

Tensor Analysis: index notation, tensor algebra, tensor calculus (2 weeks)
(Chapter 1)

Kinematics: deformation, displacements, strain tensors, strain-displacement
relations, compatibility equations (1 week) (Chapter 2)

Kinetics: traction vector, stress tensors, principle stresses, equations of motion,
equilibrium (1 week) (Chapter 3)

Constitutive Equations: anisotropic/orthotropic/transversely isotropic/isotropic
materials, generalized Hooke’s law, linearized elasticity (1 week) (Chapters 4 & 11)

Basic Principles: stress and displacement formulations, superposition, St. Venant’s
principle, boundary conditions (1 week) (Chapter 5)

Variational Methods: strain energy, uniqueness, complementary energy, potential
energy, virtual work principle, minimum total potential/complementary energy
principle, approximate solutions (1.5 weeks) (Chapter 6)

Two-Dimensional (2-D) Theory: plane stress and plane strain, anti-plane shear,
Airy’s stress function, inverse method, complex variable method, displacement
solution (1 week) (Chapters 7 & 10)

2-D Problems: beam bending, plate with a hole, curved beams, pressurized cylinders,
wedges, Flamant problem, rotating disks (1.5 weeks) (Chapters 8 & 10)

Torsion: St. Venant torsion theory, Prandtl stress function, membrane analogy (1
week) (Chapter 9)

3-D Theory and Problems: Helmholtz theorem, Galerkin vector, elastic potentials,
Kevin solution, Boussinesq problem, thick-walled spheres (2 weeks) (Chapter 13)

Other Topics: dislocation problems, higher-order elasticity theories, thermoelasticity
(1 week) (Chapters 12 & 15)

Other Relevant Information:

Solving problem is essential in learning the course materials. Several sets of
homework problems will be assigned and graded.

The instructor is available for additional help with appointments.

The class notes are intended to be self-consistent, but more examples can be found in
the textbook and references suggested.

" The topics listed here are tentative and subject to change.



Student Conduct & Discipline

The University of Texas System and The University of Texas at Dallas (UTD) have rules
and regulations for the orderly and efficient conduct of their business. It is the
responsibility of each student and each student organization to be knowledgeable about
the rules and regulations which govern student conduct and activities. General
information on student conduct and discipline is contained in the UTD printed
publication, A to Z Guide, which is provided to all registered students each academic
year.

The University of Texas at Dallas administers student discipline within the procedures of
recognized and established due process. Procedures are defined and described in the
Rules and Regulations, Series 50000, Board of Regents, The University of Texas System,
and in Tit le V, Rules on Student Services and Activities of the university’s Handbook of
Operating Procedures. Copies of these rules and regulations are available to students in
the Office of the Dean of Students, where staff members are available to assist students in
interpreting the rules and regulations (SU 1.602, 972/883-6391) and online at
http://www.utdallas.edu/judicialaffairs/UTDJudicial Affairs -HOPV.html

A student at the university neither loses the rights nor escapes the responsibilities of
citizenship. He or she is expected to obey federal, state, and local laws as well as the
Regents’ Rules, university regulations, and administrative rules. Students are subject to
discipline for violating the standards of conduct whether such conduct takes place on or
off campus, or whether civil or criminal penalties are also imposed for such conduct.

Academic Integrity

The faculty expects from its students a high level of responsibility and academic honesty.
Because the value of an academic degree depends upon the absolute integrity of the work
done by the student for that degree, it is imperative that a student demonstrate a high
standard of individual honor in his or her scholastic work.

Scholastic Dishonesty, any student who commits an act of scholastic dishonesty is
subject to discipline. Scholastic dishonesty includes but is not limited to cheating,
plagiarism, collusion, the submission for credit of any work or materials that are
attributable in whole or in part to another person, taking an examination for another
person, any act designed to give unfair advantage to a student or the attempt to commit
such acts.

Plagiarism, especially from the web, from portions of papers for other classes, and from
any other source is unacceptable and will be dealt with under the university’s policy on
plagiarism (see general catalog for details). This course will use the resources of
turnitin.com, which searches the web for possible plagiarism and is over 90% effective.

Cheating on exams will not be tolerated. Cheating will be reported and handled in
accordance with the UTD regulations/rules. Some or all examinations will be closed




book; “looking at another student's examination or using external aids (for example,
books, notes, calculators, conversation with others, or electronic devices)” during these
examinations is an act of scholastic dishonesty, unless specifically allowed in advance by
the instructor.

Unless specifically allowed in advance by the instructor, all assignments and homework
in this class are expected to be completed based on individual effort. Copying the work
of others, including homework; is a violation of the UTD rule for academic honesty.

Copyright Notice

The copyright law of the United States (Title 17, United States Code) governs the making
of photocopies or other reproductions of copyrighted materials, including music and
software. Copying, displaying, reproducing, or distributing copyrighted works may
infringe the copyright owner’s rights and such infringement is subject to appropriate
disciplinary action as well as criminal penalties provided by federal law. Usage of such
material is only appropriate when that usage constitutes “fair use” under the Copyright
Act. As a UT Dallas student, you are required to follow the institution’s copyright policy
(Policy Memorandum 84-1.3-46). For more information about the fair use exemption, see
http://www.utsystem.edu/ogc/intellectualproperty/copypol2.htm

The handouts used in this course are copyrighted. By “handouts,” it means all materials
generated for this class, which include but at not limited to syllabi, notes, homework
assignments, quizzes, exams, in-class materials, review sheets, additional problem sets,
and all solutions to these assignments. Because these materials are copyrighted, you do
not have the right to copy the handouts unless permission is expressly granted.

E-mail Use

The University of Texas at Dallas recognizes the value and efficiency of communication
between faculty/staff and students through electronic mail. At the same time, e-mail
raises some issues concerning security and the identity of each individual in an e-mail
exchange. The university encourages that all official student e-mail correspondence will
be sent only to a student’s UTD e-mail address and that faculty and staff will consider e-
mail from students official only if it originates from a UTD student account. This allows
the university to maintain a high degree of confidence in the identity of all individual
corresponding and the security of the transmitted information. UTD furnishes each
student with a free e-mail account that is to be used in all communication with university
personnel. The Department of Information Resources at UTD provides a method for
students to have their UTD e-mails forwarded to other accounts.



