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This event is open to all members. Registration is

required and seating is very limited. 2017 is promising to be a busy year for the Divi-
sion. We will be holding our first international course in the Middle East, focused on
asset management, and will be more involved with in the Certified Reliability Engi-
neer (CRE) exam and associated handbook.

I wish all members Happy Holidays and look forward to all that 2017 will offer!

Thank you
Marc Banghart
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Division Budget Update

ASQ-RD Treasurer’s Financial Audit Report— up through October 2016

James Breneman, 2016 ASQ-RD Treasurer (weibullman@gmail.com)

. The division continued to have a strong balance sheet (Statement of
Financial Position) with over $54,000 in its checking and ASQ In-
vestment Program accounts.

. Investments in ASQ's reserve fund program were over $92,000.
There is also a $3,500 advance for RAMS 2017 seed monies.

. Membership revenue for the ten months ended October 31, 2016
was $17,928.

. Investment Income for the ten months ended October 31, 2016 was
$4.651.

. Total division revenue from all sources for the ten months ended
October 31, 2016 was $49,883.

. Expenses for the ten months ended October 31 1 2016 were $54,338.

. The net deficit (net loss) for the ten months ended October 31,2016
was $4,455

Other Notes:

1. Income from “Education/Courses” turned out well at ASTR, while doing only
slightly better than breakeven at the Charlotte CRE Prep course.

2. Travel this year has been held in check for the last quarter.
3. Income from advertising continues to be the bright spot in Income this year.

4. All of the above leads to ASQRD Actual meeting budget (not accounting for the
earlier transfer of $10K).




ASQ-RD Income & Expenses through December 6, 2016
INCOME
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Final Budget for 2017

2017 Budget Worksheet

Account #|Account Name Classification G&A Member Value [ Annual Budget
REVENUE
4000 |MEMBER DUES G&A $22,000.00
4100 [RETAIL SALES MV $1,000.00| $1,000.00|
4200 [ADVERTISING MV $5,000.00| $5,000.00
4300 [REGISTRATIONS MV $9,000.00 $12,500.00
4320  |DINNER MEETINGS MV
4360 [EXHIBITS MV
4480 [RECERTIFICATION MV
4521 EDUCATION/COURSES MV $12,500.00 $12,500.00
4600 [CONTRIBUTNS/SPONSORSHPS MV
4871 INTEREST G&A $480.00
4898 RESERVE FUND DISTRIUBUTED G&A
4899 RESERVE FUND MARKET VALUE CHANGH G&A
[4920,4930] |ROYALTIES G&A
[4990,4995] [MISCELLANEOUS G&A $6,000.00|
TOTAL REVENUE $59,480.00
EXPENSES
5000 |TEMPORARY HELP MV
5100 |PRINTING G&A & MV $350.00 $350.00
5200 COST OF SALES MV
5280 |PROMOTIONAL GIVE AWAYS G&A & MV
5300 |COMMITTEE EXPENSE -SECTION ONLY G&A
5400 |POSTAGE G&A $1,000.00
5500 |CONTRACT & PROFESSIONAL G&A & MV $5,000.00| $5,000.00|
5504 |MANAGEMENT OR CUSTODIAL FEE G&A
5512 |CREDIT CARD/BANK SERVICE FEES G&A
5573 |ADVERTISING G&A & MV $1,000.00| $1,000.00|
5576 EXPOSITION SERVICES MV
5630 |EQUIPMENT DEPRECIATION G&A
5650 |EQUIPMENT PURCHASES<$500 G&A
5675 EQUIPMENT RENTALS MV $1,500.00| $1,500.00|
5704  |EXHIBIT BOOTH RENT MV
5800 |MEETINGS & MEALS G&A & MV $15,000.00 $15,000.00
5900 |TRAVEL G&A & MV $23,000.00 $24,000.00
6000 [SUPPLIES G&A & MV $150.00 $150.00
6100 |TELEPHONE G&A
6100 |WEBSITE HOSTING/INTERNET FEES G&A $600.00
6200 |JOINT VENTURES/PARTNER PAYMENT MV $3,500.00 $7,000.00
6310 |AWARDS AND MEDALS G&A $2,000.00|
6328 |SCHOLARSHIPS MV
6371 RETAIL ORDERS MV
6393 DONATION/SPONSORSHIP MV
6390 OTHER G&A $500.00
FUTURE EVENT RESERVE MV
TOTAL EXPENSES $0.00| $49,500.00| $58,100.00
SURPLUS (DEFICIT) $1,380.00
















2017 Accelerated Stress Testing and Reliability
(ASTR) Conference

Sponsored by IEEE Reliability Society and ASQ Reliability Division

Mark Your Calendars!

“Mitigating Risk Through Accelerated Life Testing”
September 27 - 29, 2017

Hilton Garden Inn Downtown, Austin, Texas

The 2017 Accelerated Stress Testing and Reliability (ASTR) Conference is focused on highlighting cutting-edge methods to
deliver maximum cost-benefits from accelerated reliability testing. ASTR 2017 is relevant to product development, test
and manufacturers involved in the aerospace, automotive, consumer electronics, defense, medical, telecommunications
and other cutting edge industries where reliability is a key driver of operational and business success. ASTR 2017 will
present detailed case studies, best practices, lessons learned, and clear insight on how to best apply and integrate accel-
erated testing tools and methods.

Abstracts are invited now with a 150 words summary

The 2017 focus will include (but not limited to):
The science of test acceleration: integration of design modeling, analysis and accelerated testing
New Accelerated Test Standards in progress
Effects of corrosion and high energy radiation on reliability
Highly Accelerated Life Testing (HALT) and Highly Accelerated Stress Screening (HASS)

Complete submission details will be available soon.
OR send proposed papers to jimrel2@aol.com

Become part of this active, growing conference sponsored by both the ASQ-Reliability Division and

the IEEE- Reliability Society. The hotel has special rates for this conference.

There are many reasons to attend this conference! Make this your fall destination.

Pre-ASTR course: Accelerated Life Test (ALT) —-details

Day :Tuesday, September 26, 8:00am-5:00 pm
Objective

The successful student will understand how to use accelerated test principles that can improve hard-
ware reliability for systems. Practical design techniques are encouraged with useful examples and
case histories that supplement the theory. Design engineers and their managers who are responsible
for design and development of long-lived systems. ALT can be a costly and time consuming activity,
it is best to get it right the first time.
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ASQ Reliability Division

Call for Instructors

The Division is looking to expand its cadre of Reliability and Maintainability instructors! If you are interested
in teaching and reside in the USA or Europe please send your resume and course abstract to our education chair,
Trevor Craney at trevor.craney(@shell.com. Instructors may be required to provide a short sample course via
WebEx.

@] Reliability
A‘scl; Division
ASQ RD Best Reliability Paper Award

Quality Engineering is a technical journal of ASQ published by Taylor & Francis. It is directed to profession-
als in all engineering and management fields interested in quality improvement and reliability.

Continuing with the ASQ Reliability Division’s mission to publish more technical papers on reliability, we
have an ongoing call for papers to submit reliability or reliability related articles to Quality Engineering. All
papers having at least one author as a member of the ASQ Reliability Division will be considered for our an-
nual best paper award, which carries a $1000 cash award and a plaque presentation at our annual banquet.
Submissions should be made through http://mc.manuscriptcentral.com/Igen.

Congratulations to Michael Hamada! His paper entitled “Bayesian Analysis of Step-Stress Accelerated Life
Tests and Its Use in Planning”, published on the July issue of 2015, has won the 2015-2016 ASQ RD Best Re-
liability Paper Award.

For additional information, please contact the ASQ RD Best Paper Award chair, Dr. Rong Pan at
rong.pan@asu.edu.
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Webinars for your future

Field leaders in reliability offer continuing education to further your global awareness.

English webinars:

1. Physics of Failure, Accelerated Testing and Reliability- | 1-

Spanish webinars:

yoal Vo

Reliability
Hbisia

ASQ The Gle

Now available in English, Spanish,

and Chinese translations.

TECNICAS DE FIABILIDAD APLICADAS EN EL

Thermodynamic Degradation Science, January 12, 2017
Alec Feinberg

Metacognition in Professional Life: Exploring Fluency
and Disfluency for Solving Complex Problems, Febru-

ANALISIS DE COSTE DE CICLO DE VIDA (ACCV) DE
UNA ACTIVO INDUSTRIAL. REVISION DE MODELOS
BASICOS, January 24, 2017 4:00-5:00PM

Carlos Parra

Sobre la Determinacion del Tamafio de Muestra Op-

o

ary 9, 2017. Audrey Murphy
3. Quality: A Loggie’s Perspective, March 9, 2017, Lloyd
Muller
4. Reliability Calculation for Dormant k-out-of-n Systems
with Periodic Maintenance, April 13, 2017, James Li
* English series webinars always run at the same time
on the same day;2" Thursday of the month at noon EDT
(Unless otherwise Instructed).

ASO- Reliability Division Webinar Series

Reliability division offers free Webinars in English, Spanish,
and Chinese featuring leading international practitioners,
academicians, and consultants. Enhance your reliability
knowledge. For more information, click here: http://asqrd.org/

timo, February 28, 2017., 5PM, Jorge Romeu

Webinar Outreach

Executive Producer &
Speaker Manager
David Auda
davidauda@yahoo.com

webinars/

The ASQ Reliability Division Webinar Series remains popu-

lar. Since the Webinar and Short Course programs were first

offered in November 2010, the Reliability Division has pro-

vided 164 webinars providing nearly 14,678 hours of profes-

sional development to its members at no cost. The most recent

topics included webinars on:

*  ASQ RD Webinar Series - Software FMEA

*  ASQ RD Webinar Series - Weibull Analysis II

*  ASQ RD Webinar Series -My data is not complete
enough for a Weibull plot, what can I do now?

In addition, to date we have provided Recertification Units

RU’s to 7488 individuals.

Chinese Host

Frank Sun
franksun99@yahoo.com
Wendai Wang
wendaiw(@gemail.com
English Host

David Auda
davidauda@yahoo.com

Kiruthika Sundarrajan
kiru31@yahoo.com

Susan Czyrny
smczyrny(@gmail.com

Spanish Host
Norma Antunano
normaantu@aol.com

Data Analyst
Mobin Sadegh
mobin.sadegh@gmail.com

Video Editor
Ward Baun
wardbaun@gmail.com

Webinar Support
Elaheh Rabiei
elirab@umd.edu

Frank Sun
franksun99@yahoo.com
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For previously recorded webinars on topics relevant to reliability engineers delivered by subject
matter experts. Visit : http://www.asqrd.org/past-webinars
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Other Information

LINKS Upcoming Events
ASQ-RD new website Click on Reliability Calendar for a current calendar:
http://www.asgrd.org/ http:/ww.asqrd.org/
For up to the minute news and reminders of what’s going _ _
on in the Reliability Division world. 1. RAMS: url: www.rams.org (page 8)
Tech Briefs 2. Accelerated Stress Testing & Reliability
http://www.linkedin.com/groups?about=&gid=3994573 (ASTR) url: www.ieee-astr.org (page 9)

ASQ Reliability Division (1500+ members on LinkedIn) | 3. World Conference on Quality & Improve-
http://www.linkedin.com/groups?about=&gid=1875217 ment, Charlotte, NC, May 1-3, 2017

https://asqg.org/wcgi/index.aspx

ASQ Learning Institute™ Training

The ASQ Learning Institute™ provides you with career enhancing training to help you make an impact in your profes-
sional path and your organization. Take advantage of member pricing, and register for one of these upcoming courses.
To register, click here or call 800-248-1946 and provide promo code MFGEM.

Onsite Training

Customize ASQ learning to meet your organization's unique needs and eliminate travel expenses with on-site training.
Courses

Certified Quality Engineer Certification Preparation

Failure Modes and Effects Analysis -- Design

Failure Modes and Effects Analysis -- Process

Lean Six Sigma Black Belt Training

Lean Six Sigma Green Belt Training

International Courses

See ASQ courses offered outside of the United States and Canada.

CRE Exam Information and Facts

Current CRE statistics: The ASQ certification exam dates
The total number of CREs as of the March 2015 exam was 5,961. Local ASQ Sec- (by type of certification) is at :
tions and international organizations host exams all over the world. You will be http://prdweb.asq.org/certification/

asked to designate a preferred examination site on your application. If you are not a
member of ASQ, please find the Section that is closest to your location. If you live
in a country other than the United States, Canada or Mexico, international certifica-
tion affiliates administer certification exams. Find an international certification ex-
am location. ASQ will make every effort to accommodate your request. ASQ offers
some translated certification exams.

control/dates

12



“Pencils Down! - -

—

—e

The delivery method for ASQ Certification exams Is changing from paper and pencil, to Computer Based
Testing. Candidates will take ASQ Cedification exams at a Prometric testing facility where the test will be
delivered via computer in a Prometric proctared, secure emironment

CRE eéxam goe$ Compuéter Baseél!

Frequently Asked Questions for CBT CRE

What kind of calculator can I bring?

Calculator Policy: With the introduction of palmtop computers and the increasing sophistication of scientific cal-
culators, ASQ has become increasingly aware of the need to limit the types of calculators permitted for use during
the examinations. Any silent, hand-held, battery-operated calculator WITHOUT an alphabetic keyboard will be
permitted; however all programmable memory MUST be cleared before they enter the exam room. Calcula-
tors such as the Texas Instruments T1-83, T1-89 or similar are ABSOLUTELY NOT allowed because they
contain alphabetic keyboards. The examination is written so that a simple calculator will be sufficient to perform
all calculations. Calculators that are approved for use during ASQ exams are: 1)Casio fx 115; 2) HP 33 s; 3) HP
35s; 4) TI 30X; 5) TI 36X. However, you may bring your own approved calculator. Examinees are allowed to have
a backup calculator if necessary.

No beepers, radios/CD players/iPods/MP3 players, or headphones, Kindles, Nooks, Smart Watches, etc. are
allowed. If brought into exam room they MUST be turned off and stored away. NO CELL PHONES
ARE ALLOWED IN THE EXAM ROOM.

Is the exam open-book?
The CRE is open book, with the following rules:

All reference materials (i.e. including all forms of notes) must be bound and remain bound during the exam. Bound
refers to material permanently bound by stitching or glue and materials fastened securely in its cover by fasteners,
which penetrate all papers (i.e. ring binders, spiral binders, plastic snap binders, brads, or screw posts). Manually
or hand stapled documents that are not securely fastened in their covers are not allowed. The size of workspace ar-
ea at Prometric test centers is limited. The approximate desk dimensions are 48" in length and 24" in width.

Before you enter the exam room, the Test Center Administrator (TCA) will inspect all references. "Post-Its" will be
permitted as book tabs only (must be attached prior to entering the test center). Items strictly prohibited in the ex-
am area: hand stapled materials, blank writing tablets or tablets containing blank pages, unbound tablets, unbound
notes, slide charts and/or wheel charts (hand-held cardboard or plastic calculating devices with rotating or sliding
pieces).

Absolutely no collections of questions and answers or weekly refresher-course quizzes are permitted. Reference
sources that contain such copy are not allowed unless the questions are removed or obscured.

Are there any tips to help me prepare for test day?
Yes, please visit the following webpage for tips to help you prepare for your appointment at a Prometric test center.

https://www.prometric.com/en-us/for-test-takers/prepare-for-test-day/pages/overview.aspx

13
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Regional Councilors

ASQ Region Regional Councilor ASQ Region Regional Councilor
1 Mohammad Pourgol-Mohammad 11A Ramesh Gulati
mpourgol@gmail.com ramesh.gulati@hotmail.com
Boston, MA Chattanooga, TN
1 Hari Cheedella 11A Sinan Meric
hari.pc@stanadyne.com sinan.meric@gmail.com
Windsor (Hartford), CT Murfreesboro (Nashville), TN
2 E
OPEN 11B David Auda
(Upstate New York and Northern .
. david.auda@volvo.com
Pennsylvania)
Greensboro, NC
3 OPEN 11B JD Sol
olomon
(New York/New Jersey metro area and ]
Raleigh, NC
northern New Jersey) d.sol CHOM
4 (Canada) James Li jd.solomon@ -com
james.li@rail.bombardier.com 12 Dan Burrows
Kingston, ON & Regional Councilor dan@asqrd.org
5 Craig Hillman Coordinator Tinley Park (Chicago), IL
chillman@dfrsolutions.com 13 John Paschkewitz
Washington, DC jipengr@gmail.com
6A Colleen Ackermann St. Louis, MO
cackermannaz@yahoo.com
Crescent Valley (North Central Nevada), NV 14A Norma Antunano
6A Dock Brown normaantu@aol.com
dockbrownseattle @yahoo.com Austin, TX
Seattle, W_A 14A Sidhartha Pingali
6B Syed Hussain pingalisidhartha@gmail.com
bhassanpk@.yahoo.com Houston, TX
San Francisco, CA 148 OPEN
c (Northern Texas, Oklahoma, Arkansas)
/ ) OP N 15A Tim Adams
(southern California, southern Nevada, .
Ari tim.adams@nasa.gov
rizona) Melbourne (Kennedy Space Center), FL
8 Gary Josebeck - .
iosebeck@ | ( ) 15A David Jennings
aryjosebec mail.com (persona
& ,yj € . P david.jennings@orpaconsulting.com
gary.josebeck@owenscorning.com (work) Atlanta. GA
Granville (Columbus), OH !
15B OPEN
(Alabama, Missippi, eastern Louisiana)
9 Ha Dao
ha.dao@emerson.com
Dayton, OH
10 James McLeish

jmcleish@dfrsolutions.com
Rochester Hills (Detroit), Ml

14
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Regional Councilors

ASQ Region Regional Councilor ASQ Region Regional Councilor
Argentina Leandro Daniel Torres Honduras Carlos Beza
infotorresconsulting@gmail.com carlosheza@hotmail.com
China i i
o Mingbin C.her.1 Italy Alessio Griffoni
mingbin.a.chen@invista.com alessio.griffoni@gmail.com
Greece
Spy;rzos Vrac'l:nas Jordan Rabia R. Muammar
svra52@gmail.com r.muammar@outlook.com
Saudi Arabia Riyadh Al-Harbi, rharbi@gmail.com
Lo 4
Washington Malne
. | ASQ Canada
oniandg North Dakota | Minnesota 7 V
* ‘ermonit
Oregon Idaho l 2 : 'l o echmpshlre
Ma sachuseﬁs
6 Wyoming South Dakota { \ New York "Rhode Island
Michiga Connecticut
Nebraska ; ] _ -
Nevada l 3 Ohio Pennyvqmq New Jersey
Minois IOV Delaware
Utah ‘4West ! Maryland
California Colorado Kt o Virginia Virginiag !
Missouri 1-__1
Arizona ' Tiryigiaca North Carolina
Oklah South
7 New Mexico ahoma | Arkansas Caroling
Alabama
Georgia
M|55|55|pp|1 5

Louisiana
) Florida
25
International
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The Regional Councilor effort continues to provide outreach at the local level and was an important part of the
ASQ Reliability Division receiving a Silver Award from the ASQ Performance Awards & Recognition Committee
in 2015. For 2016 year to date, Regional Councilors have been involved in 22 engagements.

Keep up the great work!

As we prepare for 2017, we will be reaching out to the ASQ Sections in each region, other professional
societies, educational institutions, and even local or regional conferences to get involved.

We will be concentrating in some of the basic topics of Reliability Planning, Design for Reliability, FMEA,
and Reliability Testing in 2017. We will roll out these topics beginning in January with 45 min talks aimed
at monthly ASQ section meetings and other Society meetings.

In addition, we will use our webinar content on www.asqgrd.org for a webinar topic that would be of inter-
est to our audiences

We are recruiting for additional Regional Councilors and would welcome anyone in any location but we are specif-
ically recruiting for locations where we do not have a Regional Councilor:

- International Locations

- Region 2 upstate New York and northern Pennsylvania

- Region 3 New York/New Jersey metro area and northern New Jersey

- Region 7 southern California, southern Nevada, Arizona

- Region 14B northern Texas, Oklahoma, Arkansas

- Region 15B eastern Louisiana, Mississippi, Alabama

ASORD 2017 Sponsored Courses

Dates Location Courses Instructor(s)
Pre-RAMS, . .
January 22,2017 Orlando. FL CRE Prep Review Jim Breneman
Effective Communication
‘;a”;gry A3 CPDOISt'?AMS’ of Reliability and Riskto | J.D. Solomon
7,2017 rlando, FL Decision Makers
Pre-WCQl, 2-day Reliability

April 29-30,2017 Jim Breneman

Charlotte, NC Engineering Seminar

Austin, Texas Accelerated Life

September 26, 2017 ,
ARSI Pre- ASTR2017 | Testing

Jim McLinn

To find out more about any of these courses and to register
for one or more, go to url:

http://www.asqrd.org/2017-courses/
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START HERE

ASQ RD members and subscribers:- o R
: C, : : : memper of ASQ? | -
Please contact us via www.asqrd.org :
: : : No Yes
. _ |
""""""""""""""""" - Didyou [ o Areyoua - |
subscribe to member of the
ASQRD.org for - . Reliability
5207 - Division? -
......................... YESNOYes NO
Y Y Y Y
Loginto www.asgfd.org Do you need Log int@ www.asgrd.ofg Call ASQ customer care

‘benefits

a:nd" add--Bi\r‘isiaﬁ --far-$10--- -

© to member profile

benefits discounts?
No - Yes
: ) A : “’
- Purchase $20 ; foin ASQ a{: lect
Z Z ‘subscription to Z _q_g.?s _",Dr Ea.n. Se Z
........ asqrdorgRel|ab|||ty[)|u|5|on
: - : - during checkout

Reliability
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Our Mission

Log into www.aé.grd. org
© to access member
benefits

The mission of the Reliability Division is:
* Provide a global forum for networking among practitioners of
reliability engineering, management and related topics,

* Facilitate growth and development of division members,

* Promote reliability engineering principles and serve as a technical
resource on reliability engineering for ASQ, standards agencies,

industry, government, academia and related disciplines.

* Sponsor, present and promote reliability, maintainability, and related

training materials for courses, symposia, and conferences.
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2016-2017 ASQ-RD Leadership Positions

Elected Positions

Chair
Marc Banghart
Marc@asqrd.org

Chair-elect
Mark Durivage
mdurivage@hotmail.com

Secretary
Dan Burrows (N. America)
dan(@asqgrd.org

Treasurer
Jim Breneman
weibullman@gmail.com

Past Chair
Trevor Craney
tacraney(@yahoo.com

Appointed Positions

Division Audit Chair
Mark Durivage
mdurivage@hotmail.com

Fellows Nominations
Charlie Plotkin
cplotkin@ford.com

Membership Chair
Tim Gaens
tim.gaens@gmail.com

Nominating Chair
Trevor Craney
tacraney(@yahoo.com

Marketing Chair
James Zhang
james9563012308@gmail.com

Appointed Positions (continued)

Education & Arrangements Chair
Trevor Craney
tacraney@yahoo.com

Regional Councilors Coordinator
Dan Burrows (N. America)
dan@asqrd.org

RAMS:

RAMS Board of Directors
Trevor Craney
tacraney(@yahoo.com

RAMS Best Paper Award
Chair

Mingxiao Jiang
Mingxiao.jiang@medtronic.com

ASTR:
ASTR General Chair
Charles Recchia
charles.recchia@ieee.org

ASTR Tech Comm Chair
Jim Breneman
weibullman@gmail.com

ASTR Treasurer
John Bowles
bowles@cse.sc.edu

QE Best Paper Award Chair
Rong Pan
rong.pan@asu.edu

CRE Liaison
Mark Durivage
mdurivage(@hotmail.com

Outreach

Newsletter Editors
Jim Breneman
weibullman@gmail.com

Mohammad Pourgol-Mohammad
mpourgol@gmail.com

Social Media Moderator
Tim Gaens
tim.gaens@gmail.com

ASQRD.ORG:

Project Manager
Teresa Krokowski
teresa.krokowski(@fedex.com

Webmaster Backup
Marc Banghart
Marc@asqrd.org

IT lead
Taotao Zhou
ttz@umd.edu

Marketing-Constant Contact
Angleat Shelikoff
adshelikoff@gmail.com

Subscription Manager
Supersad Amari
suprasad.amari@gmail.com




Thermodynamic Entropy-Based Damage; Novel Prospective for
Structural Life Estimation
By: Mohammad Pourgol-Mohammad

mpourgol@gmail.com

Structures experience materials damage and accumulate degradation over their lifetime. Failure will
eventually occur if the structural integrity is not adequately managed. Mechanistic-based methods
forming the basis for modeling and analysis of structural reliability most involve considerable uncer-
tainties and conservatisms. A significant gap exists between the available structural integrity technolo-
gies and the science of materials degradation dynamics used for modeling early failure prediction, for-
mal development of accelerated failure testing, and prediction of remaining useful life of critical struc-
tures. This paper presents a scientific basis for the description of the causes of damage within an irre-
versible thermodynamic framework and the effects of damage as observable variables that signify
degradation of structural integrity. This approach provides the opportunity to described reliability
and risk of structures in terms of fundamental science concepts. Center for Risk and Reliability at
University of Maryland is frontier in doing research in this direction [1]. Following is an introduction
to such idea and the prospective of the direction.

Damage:

In the engineering context, damage can be thought of as a manifestation of external forces in the
form of gradual alteration of matter or dissipation of energy. The forces may be mechanical, thermal,
electrical, chemical or their correlated combinations. For example, fatigue damage is defined according
to scale, from the nanoscale through the macroscale. At the nanoscale, the grain boundary, where at-
oms are more loosely packed, is a likely location for damage. Therefore, at this scale the states of ma-
terial damage are physically determined by the configuration of the atomic bonds. At the microscale
level, damage is the accumulation of the slip irreversibilities, resulting in strain localizing in a small
region within the materials, i.e., persistent slip bands and dislocation cells/bundles. At the mesoscale
level, damage is the growth and coalescence of microcracks that initiate a crack. At the macroscale
level, damage is the growth of macrocracks that results in final fracture of the structure.

Entropy:

Clearly, the definition of damage varies at different geometric scales as the observable field varia-
bles describing the damage change. Furthermore, defining an appropriate damage metric has additional
conceptual challenges when dealing with different degradation mechanisms. Thermodynamically,
however, all damage mechanisms share a common feature at a much deeper level, which is dissipation
of energy. Degradation processes are irreversible, meaning that they cause permanent (irreversible) al-
teration to the system and the surroundings. Dissipation is a fundamental measure of irreversibility and
1s common in natural phenomena, including chemical reactions, plastic deformations, frictions, and
releases of heat. Dissipation can be quantified by entropy generation. Therefore, dissipation (or equiva-
lently entropy generation) is regarded as an alternative representation of cumulative damage. Based on
this hypothesis, it follows that:

Damage = Dissipation



In a thermodynamics treatment of irreversible processes, dissipation is quantified by the entropy
generation through generalized thermodynamic forces X;, and thermodynamic fluxes J;,1=1, ..., n.
The index 1 refers to the number of different processes, pi, acting on the system. The product of a
pair of forces and fluxes d;S/dt = Xy Ji constitutes a measure of entropy generation (d;S/dt) where
summation over k is applied. It is shown that when the fluxes are small and the thermodynamic
forces vary slowly, the rate of entropy generation is linearly related to the flows. A major task in de-
veloping the proposed damage framework is to properly identify dissipative processes pi, the appro-
priate set of fluxes, and the conjugate driving forces. For example, damage in the corrosion-assisted
fatigue damage mechanism is produced by the synergy between two irreversible fluxes: the anodic
dissolution current density and the dynamic plastic deformation.

The benefit of employing thermodynamic forces and fluxes to characterize materials damage is
that the entropy generation is explicitly expressed in terms of physically measureable quantities
such as stress and electrochemical affinity of the oxidation-reduction electrode reaction of a metal
(Me © Me”" + ze) in the case of the corrosion-fatigue mechanism. Thermodynamics allows for
quantifying every dissipative process in the system that gives rise to the entropy generation, irre-
spective of the underlying degradation phenomena. It also provides a useful technique for studying
the synergistic effect from the interaction of two or more processes.

Structural Reliability and Health Assessment

Despite the significant advances in data driven prognostics approaches and Physics-of-Failure
(PoF) methods that underlie reliability prediction and structural integrity assessment, a significant
gap exists between engineering approaches and science to capture damage evolution suitable for
structural health assessment, early failure prediction, accelerated failure testing, and methodologies
for prediction of remaining useful life. Entropy approach includes all degrading mechanisms when
multiple competing and common cause failure mechanisms are involved, therefore, using it as a
damage parameter for diagnosis and prognostics is more favorable in comparison with the PoF mod-
els and data driven models which merely rely on the most predominant failure mechanisms and the
statistical analysis, respectively.
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