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mistakes of past failures, we need to determine what is
responsible for these engineering failures, and what needs to
change as far as the teaching and practice of engineering is
concerned. Past engineering failures “should be studied not
for their own sake, but for the sake of understanding how
better to succeed in future.” [5] One of the great challenges
facing the engineering profession is “engineering ethics”[6],
and although steps to ensure high quality work and more
careful design in engineering have been established here in th
United States and elsewhere, but in reality, not all engirggerin
projects are carried out in an ethical fashion. Among tha step
taken to promote safe design is the adoption of an Engigeer
Code of Ethics. [3] “Major engineering failures act as a
catalyst for change in standards of practice and therefore
create the opportunity for establishing better ethical practices
for the profession.”[7] The requirement for a professional
license to be legally qualified to seal and stamp specific
engineering projects has raised awareness of the need for
prudent and ethical engineering practice. Most engineers are
ethical and realize their profession’s responsibility to the
public. [6] However, many different factors can contribute t
the failure of any engineered product, but through thege®

of analyzing past failures and their causes, these factorecan b
more readily spotted and therefore avoided in practice. Of
paramount importance is the “identification of potential

Index Terms — Failure case studies, structural failures,deficiencies from past failure data.” [8].

Abstract - Structural failures occur from time to time, as
seen from the recent (January 2006) rash of roof collapses
in Germany, Poland, and Russia. However, many
engineering and engineering technology students are not
made aware of these failures in their analysis or design
courses. In the author’s structural analysis and design
courses, students are required to research specific
structural failures, and to report on these failures,
detailing the causes of failure - illustrated with pictures
and free-body diagrams, and any lessons learned. Articles
on several structural failures are posted regularly on the
course website to draw the students’ attention to these
failures and their consequences, as well as any lessons
learnt; discussions of these failures on the course website
discussion forum is also strongly encouraged. Our
hypothesis is that studying specific structural failures haa
positive impact on students’ learning experiences. To
verify this hypothesis, an end-of-term student survey was
conducted in two structural design courses where failure
case studies were used. Analysis of the survey results
indicates a positive impact of failure case studies on
students’ educational experiences and awareness of ethical
issues. The use of failure case studies in more engineering
technology courses is also recommended.

structural behavior, student learning, engineering ethics The mission C_Jf any engirjeering or engineering
technology program is to teach their students the curaaht b
INTRODUCTION of knowledge that will prepare them to successfully conteibu

to and eventually master their particular field. The inient
Structural failures, whether man-made or due to naturghat the training they receive and the knowledge they acquire
events, unfortunately, do occur from time to time in ourwill help keep them abreast of their chosen field, as well as
imperfect world, and sometimes with serious and dirdelp them avoid making potentially serious and fatal mistakes
consequences [1, 2, 3], but not many undergraduai@ their future practice. Part of this training and Wiexge
engineering and engineering technology students are mageuld include exposing engineering and engineering
aware of these failures in their structural design course&echnology students to the study of past structural failures
Consequently, they cannot benefit from many of the lessonithin existing design courses or as a stand-alone coouse,
that can be learned from these structural tragedies [4]. Thibis raises a couple of questions: will the use of faikase
raises the question as to whether or not familiarizing stadenstudies have any positive impact on student learning and
with the details of past structural failures has any beiagfi appreciation of ethical issues? Where in an already crowded
effect on their learning and educational experiences. curriculum should engineering and engineering technology

Engineering failures, whether significant or small, canprograms incorporate such additional material?

occur anywhere in the world, but if we are to keep these Two surveys conducted in 1989 and 1998 by the Council
failure occurrences to a minimum and avoid repeating then Forensic Engineering of the American Society of Civil

Engineers (ASCE) found that 63% of engineering colleges
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indicated that there was a dearth of in-depth studies of 1. To determine the efficacy of using the failure case

structural failures [9] in the literature and this preveritesm studies on students’ educational experiences in an
from including failure awareness in their curriculum. [he engineering technology program.

survey also found that only 9% of the schools taught aseou 2. To determine the impact of the liability issues arising

that included failure awareness. Some effort has been made from past engineering failures on students’ interest in
recently to encourage college professors to incorporate real- pursuing a career in structural design.

world examples of ethical and engineering design problamsi 3. To determine the impact of these failure case studies
existing courses. One initiative by the National Science on the students’ motivation to do better quality work

Foundation (NSF) involved several faculty members from in college, and in their future professional life.

institutions around the nation that were grouped withraber
of undergraduate students at Texas A&M. The goal of the
initiative was “to develop engineering ethics resource material SURVEY INSTRUMENT

that could be easily introduced at all levels of the enginger o survey instrument developed for this study, and stiown

curriculum and in all engineering disciplines.” [10] In the A ; : ; : -
) ppendix, consists of nine questions that was adtaneid
response to the ASCE survey, Rachel Martin [9] developefg civil engineering technology (CET) students enrollethi

case studies on four major engineering failures in hopes th uctural steel and timber design courses (n = 30) at
professors would use these case studies as teaching aidsR'iS’chester Institute of Technology (RIT). This is

explain how ethical responsibilities played a role in thes% : 0 ; g
) . ; pproximately 75% of the senior class in the CET progaam
failures. Rabins and Harris [11] have also developed af set RIT. In the following sections, we present the analysithef

engineeri_ng ethics cases th"’.‘t are useq as. self—contain%dem responses for each of the questions in the survey.
modules in a stand-alone “Ethics and Engineering” course at

Texas A & M. They report positive student response irr thei

course evaluations. Rouse [4] developed a set of failure case ANALYSIS OF SURVEY RESULTS

studies that could be used in the classroom “not only to

establish important links between the classroom and tH@uestion #1: On a Scale of 1 to 5 (5 = most interested),

working environment, but also to help students realize thhow interested are you in a career in structural

importance of professionalism and ethics in their field ofdesign/engineering (please circle one)?

interest.” In this question, the students were asked about theirefutur
The second author regularly integrates structural failuréareer interests to get a sense of how many of them were

case studies in his structural analysis and design cours@dfeady leaning towards a career in structural engineering and

Students are required to conduct an internet research ondg@sign, and the impact of the failure case studies on these

specific structural failure and write a minimum 5-page gradegtudents. Of the students surveyed, 77% were modemately

report detailing the cause of collapse - illustrated with-freemore interested in pursuing a career in structural dewigite

body diagrams and sketches, the lessons learned, and a8t were just slightly or not at all interested in a carger i

ethical or technical issues and concepts involved. In additiogfructural design. These results are presented graphically in

articles on structural failures are posted regularly on theseourthe pie chart in Figure 1.

website to encourage discussions of these failures onlohe an

in the face-to-face class sessions. To ensure that studer

actually study these failure cases, questions on these failu Extremely  Not Interested Slightly

case studies are featured in the tests and/or final exam. W Interested 3% Igtoi;ested
believe, as do others, that “integrating failure case studies ar 2% 0

ethical concerns into already existing engineering course

provides the perfect solution,” [9] but the authors are not Moderately

aware of any student surveys that have been done to show t Interested Interested
effectiveness of this approach in an undergraduate enijigeer 30% 20%
technology curriculum. Therefore, to assess the impact g
these failure case studies on the educational experiences,

end-of-term survey was carried out in the structural steel an
timber design courses in the winter quarter of the 200%-200 FIGURE 1

academic year. The structural steel design course is a required  sTyPENTS’ INTEREST IN STRUCTURAL CAREERS
4-credit course while timber design is an elective 4-credit
course in the Baccalaureate degree program in civil
engineering technology (CET) at Rochester Institute of
Technology (RIT). The overall goals of this study are a
follows:

uestion #2: Have you studied to a reasonable depth or
read about any significant structural failure?

In this question, we solicited information on the vasiou
engineering failures studied by the students, and from the
responses to this question which is depicted in Figunge2,
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found that all the students had studied at least on@esgig Question #4: Did the structural designer(s) face any legal
failure to some reasonable depth; the most common stalicturor professional repercussions as a result of the failure?
failures studied include, the Hyatt Regency Walkway collaps&/here you surprised by these consequences?

in Kansas City, MO in 1981 - studied by 39% of thedshis, This question pertains to the consequences faced by the
the Citi-Corp tower crisis - studied by 25%, and the Tiz@o engineers involved in the failure case studies. 67% of the
Narrows Bridge collapse — studied by 16%. Other strattur students surveyed indicated that the engineers involvdtein t
failures studied by the students include the World Tradengineering failures they studied faced legal repercussions ,
Center collapse and the Hartford Civic Center Arena collapsevhile 33% of the of the students indicated that the engineers
80% of the students did the failure case studies as paré of tinvolved in their failure case studies did not face any legal
requirements for a course they were enrolled in, while 20%epercussions. Many of these design engineers were stripped
studied these failures for their personal interests. of their professional licenses and subjected to lawsuits and
fines. The survey showed that these students have become
more aware of the serious repercussions for professional
negligence or incompetence in engineering designs through

Other these failure case studies.
20% Hyatt Regency

39%
Tacoma Question #5: How do the consequences or liability that
Naf“’"{%ﬁj‘dge structural designers/engineers are faced with affect you in
regards to any aspirations of becoming a structural
Ciﬁcggj)/oTower designer/engineer?
This question pertains to the effect of the consequences faced
by the design engineers of the failed projects on the students
FIGURE 2 interest in further pursuing a career in structural engineering
FAILURE CASE STUDIES BY STUDENTS The results, shown in Figure 4, indicates that 57% of the
students felt that the failure case studies had a positiget eff
Question #3: What was the cause of the failure? on their aspirations of becoming a structural engineer and
In this question' we asked the students to indicate whatr§ac deSigner, while 30% of felt that the failure case studies
contributed to the structural failures in the cases theyestudi impacted them negatively, and as a result would not pursue a
The students’ responses to this question, as dep|ctedure|:|g career in structural engineering; 13% indicated that the éailur
3, shows “human factors” as the most common cause &@se studies had no impact on their career interest.
structural failures and was cited by 62% of the students
surveyed. This is in agreement with the observation b
Schlager [12] that “it has become evident that huma Indifferent
behavior, ethically and accidentally, is not just a factor thg 13%
affects improved safety and economic growth, but that i
entirely controls such developments.” 9% of those surveye
indicated “extreme environmental conditions” as the cause ( Negatively, % Positively
the failures, 6% indicated “material defect’, and 23% 57%
indicated a combination of all of the above factors as the cau
of failures in their case studies.

FIGURE 4
EFFECT OF CHOOSING A CAREER INVOLVING STRUCTURAL
DESIGN
All of the
Above

23%

Question #6:Does the reviewing of past structural failures

Emreme make you more inclined to do good quality work in the
Conditions Human Error classroom regarding homework?
. 62% We used this question to gauge the impact of failure case
MDaéfe'ft' studies on the students’ motivation to be more conscigntio
6% their school work, assignments and projects. The regson
depicted, in Figure 5, shows that 90% of the studedisated
that they were more inclined to produce better quality course
FIGURE 3 . ; ; ;
CAUSE OF STRUCTURAL FAILURES work because of reviewing these fa|lyre case stud|es., while
10% percent felt the failure case studies will have no impact
on the quality of their course work.
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o practical lessons to be learned from failures that might not
10% otherwise be taught in the classroom.” The students’
responses to this question points to the effectiveness of
integrating failure case studies in existing courses and thei
positive impact on the students’ educational experiences.

Yes
90%

No
3%

FIGURE 5
DOES REVIEWING FAILURE CASE STUDIES AFFECT THE EFRD
STUDENTS PUT INTO THEIR HOMEWORK?

Question #7:Does the reviewing of past structural failures ;35/
make you more inclined to produce good quality work and

abide by a code of ethics when engaged in full-time work
later on in life? Has your study of structural failures FIGURE 7

enhanced your understanding of the code of ethics for SHOULD FAILURE CASE STUDIES BE USED MOR
engineers? OFTEN IN ENGINEERING CLASSES?

We used this question to measure the impact of failure ca . ) . .
studies on the students’ future professional practice. | uestion #9:Please include any other pertinent comments
@gardmg the use of structural failure case studies and

response to this question, all the students indicated thgt2~. ¢ tudent | .
reviewing failure case studies motivated them to more carefi eirimpact on student learning .
e used this question to solicit additional comments fiioen

and conscientious in their future professional practice. A . . . .
shown in Figure 6, 90% of the students believed thatitkeof Students regarding the use of f_a|Iure case stu_dles. A tyajori
failure case studies have enhanced their understanding of tﬂfethe s;ugentsf felli that tge gallurr(]a case.studle.s rr;]akes themd
Engineers' Code of Ethics, 79% felt it did not help themy 80 8 T S8 T e ristakes o futur
understand the code of ethics, while 3% felt it had naaghp Th Ip indicated th tp't Y th for th I-' Id
on their understanding of the code of ethics. €y also indicate at 1t prepares them for the rea-worid,
and motivates them to be more cautious in their engineering

designs. They also felt that failure case studies highliglets

, seriousness of the engineering field, and reinforces the
No Indifferent Engineers’ Code of Ethics. One student suggested replaging
% existing course currently required for graduation in ¢hel
engineering technology curriculum with a stand-alone course
consisting of civil and structural engineering failure case
studies, and another summed it up this way: “sometimes what
not to do is the best example.”

Yes
90%

DISCUSSIONS
FIGURE 6 The results of the survey suggests that reviewing ofréailu
DOES REVIEWING FAILURE CASE STUDIES ENHANCE case studies should be incorporated more frequently in
STUDENTS’ UNDERSTANDING OF ETHICS? engineering technology courses to enhance the students’

understanding of ethics and engineering behavior.  Failure
Question #8: Should more civil engineering technology case studies, as used in the structural analysis and design
classes include review of civil engineering system failure courses taught by the one of the authors, have provited t
case studies? (Please indicate the reason(s) for your Students the opportunity to see how seemingly insignifican
answers) factors can at times be the root cause of engineering failures.
This question was used to gauge the students’ perception The survey also revealed that the more familiar the students
the effectiveness of using failure case studies in existingere with past engineering failures, the more they felt
courses. The results, depicted in Figure 7, show that&7% confident that they would not repeat the same mistakes.
the students believed it was a good idea to review failure case This survey also revealed that studying past engineering
studies because they bring real life situations into théailures will not deter students interested in structural
classroom, and they reinforce the need for strict qualitgngineering from continuing on that path, inspite of the
controls on all engineering designs, while also enhanciag titonsequences and liability faced by structural engineers in
student's awareness of ethical issues and understanding tBese failure case studies. Fifty percent of the students felt
structural behavior. One student commented that “there are
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these consequences did not reduce their interest in pgirguin [5]  Petroski, H., “The Success of Failur&gchnology & Culture, Vol. 42,
career in structural design and engineering. pp 321-328, April 2001

As a result of these failure case studies, most of thi@] Wulf, Wm. “Great Achievements and Grand Challenyes
students realized the need to pay more careful attentior to th ~ Fall/Winter 2000. 2 Feb. 2006 _
details involved in their homework assignments and design ~MW:/www.asce.org/community/environtalinae_gafys.c
projects, and the need to check their work thoroughlif.ofA  [7] Roddis, W.M.K. Structural Failures and Engineertitgics.Journal of
the students surveyed were convinced that reviewing these Sructural Engineering. Vol. 119 (No.5) pp 1539-1555. May 1993.
failure case studies would benefit them in their future career8] Hadipriono, F.C. Analysis of Events in Recent Sl Failures.
motivating them to be more careful and prudent in theiréutu Journal of Structural Engineering. Vol. 111, (no. 7) pp 1468-1481. July
design projects. A great majority of the students feltfai 1985.
case studies was necessary and beneficial to their learning, deld Martin, Rachel. “Failure Case Studies in Civil Emggring Education.”

some thought it should be used in other civil engingerin ~ 1999. 2 Feb. 2006.
technology courses as well http://www.eng.uab.edu/cee/reu_nsf99/rachelwork.htm

[10] “Numerical Problems Associated with Ethics CasedXee in Required
Undergraduate Engineering Courses”. Aug. 1995.12 Fe06.
CONCLUSIONS http://ethics.tamu.edu/Nsfcases.

The authors have used structural failure case studies [hll Rabins, M.J. and Harris, C. E., “Teaching ethicEngineers,”
structural analysis and design courses at Rochester lesiftut Frontiersin Education Conference. pp. 73-78. 1992.
Technology for at least two years, but the effectiveness qf2] Schiager, Neil. “When Technology Fails: Significaigichnological
using these case studies had not been established. The authorsDisasters, Accidents, and Failures of the Twent@htury.”Detroit:
conducted surveys of students in two structural desigrsesu Gale Research Inc., 1994.
and the survey results indicate that the use of failure case
studies enhances the students’ understanding of ethics and APPENDIX
structural behavior, and exposes the students to pastkesst
of other engineers, thus helping them avoid making simil
mistakes in their future professional practice. Dear CET Student:

The use of failure case studies in the classroom could _ _ _ ,
ultimately contribute to a future where engineering failured"e &€ conducting a survey on the impact of stratfailure case studies on

. . . ngineering technology students. In this regarehge# answer the following

and unethical behavior by engineers - though not Complete&]estions as honestly as possible. Your participati appreciated.
eradicated - can be reduced to a minimum. The authors
recommend that structural failure case studies be incorporatétl ©On a Scale of 1 to 5 (5 = most interested), hoerested are you in a
into existing analysis and design courses or as a stand-alo  Gaeer in structural design/engineering (pleassecane)?

Survey Instrument
ar

course to enhance the students’ educational experiences and 1 2 3 4 5
enable them benefit from the many lessons learned from past
engineering failures. 2) Have you studied to a reasonable depth or read apgusignificant

structural failure?

Yes No
ACKNOWLEDGMENT

. . . If so, what structural failure?
The authors would like to acknowledge the financial suppor

from the Scholarship Incentive Grant (SIG) of the Collefe Was this a class assignment? Yes
Applied Science and Technology (CAST) at Rochester No
Institute of Technology. Our thanks to CAST Dean, Wiley

. . . . 3) What was the cause of the failure? (Check all apaty)
McKinzie for initiating and supporting this grant pregr. Q  Human factors (ethical , design error, accidents)

Q Material defect
O Extreme environmental conditions

REFERENCES Q Al of the above
[1] Levy, M. and Salvadori, M., “Why Buildings Fall Doy’ W. W. Norton 4) Did the structural designer(s) face any legal ofgssional
and Company, New York, New York. repercussions as a result of the failure? Wheuvesyoprised by these
. ) consequences?
[2] Lancaster, John. “Engineering Catastrophes.” Battaf CRC Press
LLC, 2005. 5) How do the consequences or liability that strudtdesigners/engineers
[3] Pfaheicher, S. K. A., “Learning from Failure: Taigm and Ethics in are faced with affect you in rg:gards to any asjpinstof becoming a
Engineering EducationEEE Technology and Society Magazine, structural designer/engineer?
Summer 2002

Positively Negatively
[4] Rouse, C. G., “Breaking the Circle: Educating Uggaduates Through
failure Case studies,” o ) o
http://www.eng.uab.edu/cee/reu_nsf99/REU02/Cyrfihial/ pdf, 2002 6) Does the reviewing of past structural failures mptre more inclined to
- do good quality work in the classroom regarding baork?
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Yes

No

7) Does the reviewing of past structural failures mgie more inclined to
produce good quality work and abide by a code lnitetwhen engaged

in full-time work later on in life?

Yes

No

Has your study of structural failures enhanced ymderstanding of the

code of ethics for engineers?

Yes

No

8) Should more civil engineering technology classetuife review of civil
engineering system failure case studies?

Yes

No

Please indicate the reason(s) for your answer:

9) Please include any other pertinent comments regguttie use of
structural failure case studies and their impacstodent learning.
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