ME EN 7540 ADVANCED FINITE ELEMENTS

15263, Spring 2012, Tues. & Thurs 03:40 PM-05:00 PM, WEBS8, 3 credit hours
Website: TBA

Instructor: Rebecca Brannon, 2134 MEB, email TBA, 801-581-6@24I: 801-662-8340)
Office hours: Mondays 3:00PM-5:00PM (or by appointment, or dimg-instructor is available)

Course description

Applications to problems from solid, heat transfand fluid mechanics, and advanced elements. Ceragidn of
nonlinear and time-dependent problems.

Course Overview

As a follow-up to a first course in the finite elemt method (FEM) where you were introduced to basic
principles and hands-on use of commercial FEM safiywthis course provides a deeper understanding of
commercial software by reviewing the underlyingatein greater depth and breadth. The goal is to
improve your ability to correctly and cautiouslypiypthe Finite Element Method in your research eare
Potential topics include error analysis, advancksinents, geometric and material nonlinearity, with
applications to continuum solids/fluid mechanicg dmeat transfer. Activities will include theoretica
analyses, computer programming, and a Term Prajgullying commercial (or research) FEM software of
your selection to solve a problem of particulaerest to you in your own research.

Prerequisites: Graduate status, ME EN 5510, 6510 or similar ohiictory course in FENh which you
learned how to run at least one commercial FEM code, vector calculus, linear algebra, exposure to
ordinary and partial differential equations and euical analysis, ability to program in Matlab, CH;+
Python, Fortran, or other scientific programminggaage.

Textbook (optional):

Erik G. Thompson (2004) Introduction to the Firltiement Method: Theory, Programming and
Applications. Wiley, 2004. (ISBN-10: 0471267538, ISBN-13: 978-047126753)
Supplemental reading:
1. Reddy, J.N. (2004) An Introduction to NonlineariférElement Analysis by J. N. Reddy, Oxford Univirs
Press, ISBN 019852529X.;
2. Zienkiewicz and R.L. Taylor (2005) The Finite Elam&lethod for Solid and Structural Mechanics, Sixth
Edition (Hardcover)
3. Simo, J.C., and Hughes, T.J.R. (1998) Computatibvedsticity, Springer.

Grading:
c= Computer programming Assignments: 20%
h= Other Homework (including commercial code exas)s 25%
m= Midterm Exam 25%
p= Term Project using commercial code(s): 30%
f= Final Exam (Friday, April 27, 2012, 3:30-5:30pm) 30%
TOTAL= 130% minus 15% from two lowest = 100%

Formula: SCORE = (26+25h+25m+30p+30f — 19.; — 19.,)/100, wherd; andL, are your lowest two
scores among the five categor@g$, m, p, andf (each of which are themselves on a 100 point scale)
Exception: academic misconduct will result in aozetore that does not countlar L, and might result
in a zero score for the entire course. The scoassigned a letter grade according to the follovidte.

0- 59| 60- 62| 63- 66| 67- 69| 70- 72| 73- 76| 77- 79| 80- 82| 83- 86| 87- 89| 90- 92| 93- 96| 97- 100|

E | D] D| D] G| C Ct| B-| B | Bt| A | A | At |
The instructor reserves the right to lower the sgequired for any letter grade. There is no curve.



Course Objectives: You are expected to...

» Demonstrate understanding of the governing equationsidered in this course, including associated
data (boundary/initial conditions, forcing functmmnaterial properties, etc.) and limits of
applicability. Demonstrate understanding of variauserical methods available to solve these
equations, with deep understanding of the FEM aggr@long with error analysis and other means of
solution verification Assessment: Homework and Exams.

e Use good computer programming practices to writgr yovn small codes for using FEM to solve
simple (e.g., one-dimensional) problems. Profesdiplocument the governing equations, the source
code, and investigations of solution quality (eby.comparing against analytical solutions,
convergence studies, user-input checks eds3essment: programming assignments.

e As anindividual or up to three-person team, prepmgroblem of interest in your graduate research,
and solve it by using commercial FEM software (@th instructor’'s approval, Univ. of Utah research
FEM software). This exercise should be conductelingiere being done for an actual business
customer. Therefore, it must begin with a projecppsal (including estimates of the number of hours
to be spent by each participant and a timelinerfilestones), followed by status report memos, alfin
report, and final presentation. The final reporsiinclude a table of contents, acknowledgements,
cited references, and other elements that are atiomal in technical project reports. The bodylof t
final report must include: an introduction statimyy this problem is of engineering interest,
discussion of the applicability of the governingiations, problem data, simulation results, error
analysis, discussions and conclusions regarding:ttent to which the problem was solved,
opportunities for follow-up work, and an appendiattachments containing input files and step-by-
step instructions that are detailed enough to atitiver individuals to duplicate your results.
Assessment: Project proposal, status memos, final r eport, and presentation.

Homework Policies
A homework assignment is a set of problems. A lemolof ordinary difficulty is worth 100 points. Bas
problems are worth less. Hard problems are worttem& homework problem will be given a grade of zerd if
is incoherent or if it fails to follow the followgformat:

Problem: What is given, and what is required?

Solution: word explanationsust accompany each equation and the final result shoeiboxed.

Discussion: Make intelligent and thoughtful comments aboutgheblem, perhaps pointing out the principles that

the problem illustrates. If applicable, the diséoissnust include verification and validation anadys

Unless otherwise announced, homework is due on& aféer it is assigned. Late homework is accepted a
a 10% penalty per day (if it is three days late gample, then the highest you can get is 70%).
Moreover, to accommodate the occasional missed Wwonke the following formula will be used to assign
a homework score at the end of the class:

homework grade (on scale from 0 to 160) {5973: - (Eﬁ_sh—hﬂ ;
whereh is your total amassed homework points &hid the total number of available homework points.

All assignments will be given through Blackboardtd (WebCT). All homework must be submitted elatirally to
WebCT as a PDF document. Scanners are availatiie i@ADE lab. If technical difficulties preveny from
uploading a document before the due date cutof,titmen call or send a text message to the instr(®01-662-8340)
explaining the problem. If this evidence of dukgeince is not provided within three hours of tipoading deadline,
no accommodations will be made. No more than taceemmodations will be made for uploading diffiestthat are
not experienced by the majority of the rest ofdlass.

Collaboration on concepts and procedures is expestd encouraged, but you must ultimately do thekwourself
and present the woik your own words. Academic misconduct may result in a failing gratiemissal from the
program or the University, revocation of the stuttedegree or certificate, or other sanctions. tBeeStudent
Handbook for further details.

Can you boost your grade by doing extra work? Yasnot at the end of the semester as a last-mattegmpt to fix a
low average. Bonus points will be given if you slgopent theegular assignments with extra analyses or simulations
far beyond what was required in the assignment.diigedate for bonus points is the same as the abecfat the
assignment itself (no last-minute bonus pointsaaeglable).



Important dates (these are unofficial for your conv

enience — for official dates see

http://registrar.utah.edu/academic-calendars/spring 2012.php)
Last day to drop (delete) classes ..........om.e.... Wednesday, January 18
- DRAFT term project proposal Thursday, January 19
Last day to elect CR/NC/audit .............ccceeeeennnee Monday, January 23
Completed project proposal .............ccuuu..... Thursday, February 2
Project status report memo ..........ccccceeeeeeenn. Thursday, February 16
2 MIDTERM EXAM ....oiiiiiiiiii e Tuesday, February 28
Project status report memo ..........cccccceeeeeenn. Thursday, March 1
Last day to withdraw............ccooiiiuiiieccacc e, Friday, March 2
-2 Project status report memo....................... Thursday, March 8
Mon-Sat, March 12
2> Project DRAFT report.....cccoccevevieeeeiiienenne Thursday, April 5
= Project FINAL report ........ocoveevineeenns ... Thursday, April 19
Last day to reverse CR/NC option ............. ... Friday, April 20
Classes eNd.........cccovviiiiiiiiiiee e Wednesday, April 25
Final @Xam ... e Friday, April 27, 201238:5:30pm

Grades available to students..................

**Tentative** timetable

eemeeeeee.. TUESdaY, May 15

(very likely to change based on student interests and ability)

Date Topic Reading**
1/10 Introduction and Review of basic FEM termirgyo 1-23, notes
1/12 Collocation and least squares 4-6, notes
1/17 Galerkin’s method and Ritz Method notes
1/19 Finite element formulations (review) 10-18te®
1/24*  Calculus of variations 23-35, notes
1/26 shape functions and stiffness matrix 35-4fes0
1/31 numerical methods (quadrature and Newton ss)lve notes

2/2 boundary conditions 40-42 and notes
217 Programming the FEM for 1-D problems 44-50e80t
2/9 linearized continuum mechanics and linear ieigst 221-260, notes
2/14 Review of second-order linear ODEs 53-81, note
2/16 Two dimensional shape function and gradient -883notes
2/21 Programming 2-D problems 83-91, notes
2/23 review and catch-up

2/28 MIDTERM EXAM

3/1 Time integration 191-201

3/6 stability analysis notes

3/8 verification (error analysis) notes

3/13  YAHOO

3/15 DITTO

3/20 nonlinear continuum mechanics and nonlinesstieity notes

3/22 mixed methods (including MPM) for general ddgosive laws notes

3/27 specialized shape functions notes

3/29* the advection-diffusion equation notes

4/3 programming the advection-diffusion equation teso

4/5 spectral analysis notes

4/10 global and local compatibility notes

4/12 contact algorithms notes

4/17 PROJECT PRESENTATIONS

4/19 PROJECT PRESENTATIONS

4/24 review and catch-up

4/27 FINAL

* Midcourse student survey

** new reading assignments TBA



The followingCOE guidelinesare available at the COE websitétp://www.coe.utah.edu/current-undergrad/policégmeals.php

COLLEGE OF ENGINEERING GUIDELINES

http:f Swwwcoeutah.edu

Spring Semester 2012

Appeals Procedures

See the Code of Student Rights ana Regponsibilities, located in the Class

Scbedule or on the [.‘.?..'T.' 1Fed .ri!_-llr?ir srare detaris

Appeals of Grades and other Academic Actions
If a smdenr believes thar an academic acrion is arhireary
or capricious he/she should discuss the actdon with the
involved faculty member and atrempt to resolve, 1f
ungble m resolve, the student may appeal the acrion in
accordance with the following procedure:

l.  Appeal to Department Chair (in writdng] within 40
business days; chair musr norify srudent of a decision
within 13 days. If faculty member or student
disagrees with decisian, then,

I

Appeal 1o Academic Appeals Commitree (see

http: /S coesrab edu fearrenc-undergrad fappesl ohp

for members of committee). See II Section IJ, Code
of Smdent Rights and Responsibilides for derails an

Academic Appeals Commirtee hearings.

Americans with Disabilities Act
(ADA)

The University of Urah seeks to provide equal access 1o
ifs programs, Services, and acrivides for peaple with
disabiliies. If you need accommeodadons in a class,
reasonable prior notdce needs t be given m the
instructor and to the Center for Disability Services, 162
Olpin Union, 381-3020 (V/TDD} to make arrangements
for accommodations, All written information in a course
can he made available in alternatve formar with prioe
nodfication o the Center for Disahility Services,

Withdrawal Procedures

Ner fhe Claer Schedule or ;e'eé:l fir prore details =% Please note the
difference berween the terms “rll:up" and “withdraw”, l}r{‘lp
imp“::i that the student will not be held financially r::eapr.msiH:
znd 2 W will nor be liseed on che transeripe. W ithdraw means
that 2 "W will appear on the student’s transcript and tuition will

he cbargt:[]. =
Drop Period — No Penalty

Smdents may DROF any class withour penalty or
permission during the FIRST TEN calendar days of the
rerm (Wednesday, January 18, 2012).

Withdrawal from Full Term Length Classes

Students may WITHDBRAW from classes without
prm’easnr’s permission unrl Friday, March 2, 212, From
January 19-23 a *W* wiill appear on the ranscript bur NO
mton will he charg&d. Berween [anuary 24 and March 2,
a "W will appear on the rranseript AND mition will be
charged. Refer to Class Schedule, Tuiion and Fees for
ruton informadon.

Withdrawal from Session [ & Session 11

See the web page for derails:

http:/ fwww.sa utah.edu /regist /calendar /datesDeadlines /
SEringz[Jll.hlm

Withdrawals after March 2nd will only be granted due to
compelling, nonacademic emergencies. A petition
and supporting documentation must be submitted to
the Dean's Office, 1602 Wamock Engineering
Building or University College (450 85B) if yvou are 2
pre-major. Petitions must be received before the last
day of classes (before finals week.).

Repeating Courses

When a College of Engineering class is taken more than
nnce, only the prade for the second arrempr is counred.
Grades of W, I, or V on the student’s record count as
having raken the class. Some departmems enforce these
g—dee]jnes for other courses as well (e.g,, calculus,
physics). See an advisor or departmental handbook.
Srudents should note that anyone who takes a required
class twice and does not have a satsfactory grade the
second fime may not be able m graduare.

Adding Classes

Please read carefully: All classes must be added wirhin
rwo weeks of the beginning of the semester (deadline:

anuary 23rdj, Lare adds will be allowed January 23rd —

3lth, requiring only the instructor’s signamre. Any

request to add a class afrer January 3lth will require
sipnatures from the instructor, department, and Dean,
and need ro be accompanied by a periton lerrer to the
Dean's office.

A 550 FEE WILL BE ASSESSED BY THE
REGISTRAR’S OFFICE FOR ADDING
CLASSES AFTER January 30th. **=




STUDENT SURVEY
This form will be handed out later in the semesthis copy is for you to take notes until then.
Ingructions. Circle the number corresponding to your response:
5=strongly agree 4=agree  3=neutrd=disagree  1=strongly disagree.
1. The pace at which the course is proceeding is pppte.

5 4 3 2 1 COMMENTS (stateoif fast or too slow):

2. The prerequisites for this course are reasonable.
5 4 3 2 1 COMMENTS:

3. I (student) know the prerequisite material wellggtoto focus on new material.
5 4 3 2 1 COMMENTS:

4. The instructor's use of class time is effectivhaiping me understand the material covered.
5 4 3 2 1 COMMENTS:

5. The textbook and/or lecture notes are useful fmnieg the material covered.
5 4 3 2 1 COMMENTS:

6. Homework problems are assigned in proper quangtiesare of proper difficulty.
5 4 3 2 1 COMMENTS:

7. The midterm exam was a fair representation of steovered and was graded fairly.
5 4 3 2 1 COMMENTS:

8. The instructor is respectful when pointing out ésar problems with student performance
5 4 3 2 1 COMMENTS:

9. | believe that my future employers will seek empley skilled in this subject.
5 4 3 2 1 COMMENTS:

10. I (student) am happy with thefort | have put into this course to date.
5 4 3 2 1 COMMENTS:

11. I (student) am happy with nperformance in this course to date.
5 4 3 2 1 COMMENTS:

If | could change one thing about this course (ahdpurse, if | could justify the change to the
taxpayers who subsidize this public institutionyduld be...

IS THIS SURVEY MISSING ANY IMPORTANT AREA FOR FEEDBCK?
Please include additional comments, concerns,ggestions on the back of this page.






ME EN 7540 (ADVANCED FINITE ELEMENTS)
Student information/affirmation sheet

Student’s Full Name (print legibly):
Name | prefer to go by:
UID:

Listed here are the FEM code(s) that | can alreadyto solve structural mechanics and/or thermal
sciences problems [if more than one, circle thetbaeyou are most comfortable using]:

Scientific programming language(s) that | can use:

| certify that...

[_]1 have been given the course information (syllapusjich includeshe instructor’:
name/contact info/office hours, prerequisite reguents, course objectivi
evaluation methods, grading policy, course dedonpimportant dates, ardntative
topics list. | further understand that the instoucretains the right to revise the
syllabus, with the proviso that students retairghtrto reasonable notice of changes.

[ _]1 understand the course objectives that are list¢lde syllabus.

[ ]I have satisfied the pre-requisites for taking tbaurse as they are listed in the
syllabus.

[]1 understand that my grade will be partially detiered by myability to communicat
technical information (such as soum@ade documentation and written explanatior
the governing equations).

Name Signature Date

OPTIONAL messageto theinstructor (such as what you hope will be covered, potential issues that you

anticipate might affect your performance, etc.).



