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Assessing the Impact of Failure Case Studies on the Civil
Engineering and Engineering Mechanics Curriculum: Final Report

Abstract

This paper is the third and last in a series documenting work to assess the impact of the
introduction of failure case studies into engineering mechanics and civil engineering courses.
Results from surveys and focus groups of both students and faculty are presented, along with
recommendations for improving assessment instruments and processes. The students enjoyed
the case studies and believed that they contributed to learning the course material. The case
studies stimulated their interest. Most faculty who had participated in the one-day case study
workshop and who responded to the survey had made at least some use of the cases in their
courses. The respondents that had used case studies believed that the benefits justified the cost.

Introduction

Over the past three years research has evaluated the impact of including failure case
studies in specific civil engineering and engineering mechanics courses. The effect of the failure
case studies on student learning has been assessed through surveys as well as focus groups, led
by researchers from the College of Education and Human Services. The case studies were pilot
tested in two courses, Strength of Materials (sophomore, engineering mechanics) and

Construction Planning and Estimating (senior, civil engineering) over the course of several years.

Preliminary results have been previously reported elsewhere' >. The project results have also
been presented at international conferences in Mumbai, India3, and London, United Kingdom4.

A series of faculty workshops were also carried out under this project. The workshop
participants were primarily from U.S. civil engineering programs, but also included faculty in
architectural, construction, and other engineering programs, and faculty from Canada and
Ireland. The workshop materials included copies of case study technical papers along with a CD
of PowerPoint presentations on individual case studies. The workshops were held in Cleveland
(2006), Denver (2007), Pittsburgh (2008), and London (2008). Three workshops had also been
carried out under an earlier NSF project. Findings from the workshops have been previously
presented’.

The final products of this project include a book and a web site. The failure case studies
developed under this project and an earlier NSF-funded project have resulted in a book published
by the American Society for Civil Engineers (ASCE) Press, Beyond Failure: Forensic Case
Studies for Civil Engineers’. This book breaks down failure case studies into chapters arranged
by engineering courses and topics.

Full and abbreviated versions of the case studies featured in the book, as well as some
others, have also been assembled into a web site. This web site (http://matdl.org/failurecases/) is
part of the Materials Digital Library, which is in turn a portal of the National Science Digital
Library.
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Project Description

In a typical semester, two or three case studies are presented to the students, with class
lectures and supplemental reading. These provide opportunities for in-depth class discussion not
only about technical issues, but also about professional practice issues. Case study questions
were included on homework assignments and examinations. A detailed project plan has been
presented elsewhere'.

Project Results

In surveys and focus groups, students were asked specifically about the technical lessons
learned, as well as their personal responses to the case studies. Survey questions linked student
achievement to the a — k ABET outcomes. Case studies are particularly useful for addressing
the outcomes concerned with professional and ethical responsibility, global and societal context,
life-long learning, and contemporary issues. The latter two outcomes may be addressed by
discussing recent collapses, such as the Pittsburgh Convention Center or the Minneapolis 1-35W
Bridge.

Student survey responses from the spring 2007 and 2008 courses are presented in tables 1
and 2. Tables 1 and 2 suggest which outcomes may be considered to be strongly supported by
the failure case studies. The scale ranged from 1 — strongly disagree to 5 — strongly agree.

In 2007, the students in both classes rated ability to apply knowledge of mathematics,
science, and engineering; understanding of professional and ethical responsibility; and
knowledge of contemporary issues at 4 or higher on average. The sophomore students also
rated the broad education necessary to understand the impact of engineering solutions in a global
and social context above 4. The senior students rated ability to function on multi-disciplinary
teams; ability to identify, formulate, and solve engineering problems; recognition of the need for,
and an ability to engage in life-long learning; and ability to use the techniques, skills, and
modern engineering tools necessary for engineering practice at 4 or higher. All average results
were 3.33 or higher. This suggests that the failure case studies can be important for enhancing
learning of all ABET outcomes.

With the 2008 results, shown in Table 2, the averages in both classes for ability to apply
knowledge of mathematics, science, and engineering; understanding of professional and ethical
responsibility; and knowledge of contemporary issues were all 3.81 or higher. All averages were
3.50 or higher.

The students were also asked to rate the relative contributions of the textbook, lectures,
homework, projects (if any), exams, and the case studies to their interest and understanding of
the course material. These results are shown in tables 3 and 4. In 2007, case studies were ranked
at 4.33 (highest) and 3.88 (second highest) for interest by the sophomores and the seniors
respectively, and at 4.0 for understanding (tied for third highest, highest). These show strong
reinforcement of the specific course technical material. The 2008 results, shown in table 4,
ranked case studies at 4.04 for sophomores and 4.50 for seniors for contribution to interest.
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These were the highest values. 2008 contributions to understanding were 3.73 for sophomores
and 4.50 for seniors. The summary statistics indicate that students benefited most from case
studies in the following ways:

1. Making the course more interesting.

2. Helping students broaden their understanding of the impact of engineering solutions in

global and social contexts.
3. Making students aware of their professional and ethical responsibility.
4. Increasing students’ ability to apply knowledge of engineering to real life situations.

Table 1: Student Survey Responses related to ABET Outcomes (Spring 2007)

Course Strength of Materials Construction Planning
ESC 211 and Estimating CVE 403

The case studies contributed to: Ave | SD | High | Low | Ave | SD | High | Low

my ability to apply knowledge of | 4.33 | 0.71 5 3| 4.00| 0.53 5 3
mathematics, science, and
engineering;

my ability to design and conduct 3.67| 0.71 5 3|1 375 | 046 4 3
experiments, as well as to analyze
and interpret data

my ability to design a system, 3.78 | 0.67 5 31 3.75| 0.89 5 3
component, or process to meet
desired needs, using the principles
of equilibrium;

my ability to function on multi- 3.33 | 0.50 4 3|1 400 0.76 5 3
disciplinary teams

my ability to identify, formulate, 3.78 | 0.83 5 3| 425 046 5 4
and solve engineering problems;

my understanding of professional | 4.33 | 1.12 5 21 475 046 5 4
and ethical responsibility

my ability to communicate my 3.56 | 0.88 5 2| 3.88| 0.35 4 3
problem solutions effectively;

the broad education necessary to 422 | 0.67 5 3|1 375 0.71 5 3
understand the impact of
engineering solutions in a global
and social context

my recognition of the need for, 3.67| 0.71 5 3|1 425 1.04 5 2
and an ability to engage in life-
long learning

my knowledge of contemporary 4.00 | 0.71 5 3| 4.00| 0.76 5 3
issues

my ability to use the techniques, 3.67 | 0.50 4 3|1 425 0.71 5 3
skills, and modern engineering
tools necessary for engineering
practice
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Table 2: Student Survey Responses related to ABET Outcomes (Spring 2008)

Course

Strength of Materials
ESC 211

Construction Planning
and Estimating CVE 403

The case studies contributed to:

Ave

SD

High

Low

Ave

SD

High

Low

my ability to apply knowledge of
mathematics, science, and
engineering;

3.89

0.89

5

2

3.81

0.54

5

3

my ability to design and conduct
experiments, as well as to analyze
and interpret data

3.56

0.75

3.81

0.40

my ability to design a system,
component, or process to meet
desired needs, using the principles
of equilibrium;

3.80

0.87

3.94

0.77

my ability to function on multi-
disciplinary teams

3.54

0.98

3.50

0.82

my ability to identify, formulate,
and solve engineering problems;

4.19

0.57

3.88

0.72

my understanding of professional
and ethical responsibility

4.52

0.70

4.88

0.34

my ability to communicate my
problem solutions effectively;

3.85

0.91

4.00

0.73

the broad education necessary to
understand the impact of
engineering solutions in a global
and social context

4.08

0.74

4.38

0.62

my recognition of the need for,
and an ability to engage in life-
long learning

4.16

0.69

4.63

0.50

my knowledge of contemporary
issues

4.15

0.78

4.00

0.73

my ability to use the techniques,
skills, and modern engineering
tools necessary for engineering
practice

4.00

0.89

4.00

0.63
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Table 3: Student Survey Responses on Relative Contributions to Interest and
Understanding of the Course Material (Spring 2007)

How well did each of these elements contribute to your INTEREST in the course

material?
Course Strength of Materials Construction Planning and

ESC 211 Estimating CVE 403

Ave | SD | High | Low | Ave | SD | High | Low
Textbook 2.890 | 1.17 5 1| 3.14| 0.90 4 2
Lectures 3.67 | 0.71 5 3| 400 0.53 5 3
Homework 3.56 | 1.01 5 2| 338 ] 092 4 2
Projects 2.88 | 0.99 4 1| 343] 1.13 5 2
Exams 3.44 | 0.88 5 2| 3.75| 0.71 4 2
Cases 4.33 | 0.50 5 4| 3.88| 0.99 5 2
How well did each of these elements contribute to your UNDERSTANDING of the
course material?
Textbook 378 | 1.20 5 1| 3.14| 0.69 4 2
Lectures 4.00 | 1.00 5 2| 3.50] 093 5 2
Homework 4.11| 1.05 5 21 375 0.89 5 2
Projects 2.56 | 1.01 4 1| 329] 0.95 4 2
Exams 4.22 | 0.67 5 3] 3.88] 0.99 5 2
Cases 4.00 | 1.00 5 2| 400 | 093 5 2

Table 4: Student Survey Responses on Relative Contributions to Interest and
Understanding of the Course Material (Spring 2008)

How well did each of these elements contribute to your INTEREST in the course

material?
Course Strength of Materials Construction Planning and
ESC 211 Estimating CVE 403
Ave | SD | High | Low | Ave |SD | High | Low
Textbook 3.00 | 1.13 5 1] 3.00] 1.00 4 1
Lectures 3.92| 0.84 5 3] 438 ] 0.96 5 2
Homework 3.69 | 0.88 5 1| 3.50| 0.63 5 3
Projects 3.26 | 0.92 5 1] 3.15] 0.90 4 1
Exams 3.42 | 1.06 5 2| 3.56| 0.73 5 3
Cases 4.04 | 0.87 5 2| 450 0.63 5 3

How well did each of these elements contribute to your UNDERSTANDING of the

course material?

Textbook 3.54 | 1.07 5 1| 318 1.17 5 1
Lectures 4.08 | 0.74 5 3] 450 ] 0.89 5 2
Homework 4.00 | 0.85 5 2| 413 ] 0.81 5 2
Projects 3.09 | 0.95 5 1| 3.18| 1.54 5 1
Exams 3.54| 1.14 5 2| 3.88] 0.72 5 3
Cases 3.73 | 0.87 5 2] 450 | 0.63 5 3
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The focus groups identified additional benefits to the use of case studies. The sophomore
students observed that the cases helped build engineering identity, and provided historical
understanding. The cases made the technical information relevant and linked theory to practice.
Also, the students remembered a lot about the case studies, including names, dates, and technical
details about the failures. Further details are reported elsewhere’.

New Textbook

The new book with approximately 40 case studies is arranged into chapters by course
topics. A chapter listing is shown in table 5. The book is discussed more thoroughly elsewhere’.
Because this book is closely paralleled by the project web site, the web site is discussed in more
detail.

Table 5: List of Chapters

Chapter | Title

1 Why Case Studies?

Statics and Dynamics

Mechanics of Materials

Structural Analysis

Reinforced Concrete Structures

Steel Structures

Soil Mechanics, Geotechnical Engineering, and Foundations

Fluid Mechanics and Hydraulics

Construction Materials

= |0 |0 (I[N || |W|D

0 Management, Ethics, and Professional Issues

Project Web Site

The project web site was prepared along with the book. The home page is shown in
figure 1. Some of the web site’s sections are shown in figure 2. The web site includes a master
bibliography, a discussion of the faculty case study workshops, a chronological listing of case
studies, a list of course pages, and information for faculty.
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Project Web Page Sections:

&
Introduction

Case Studies Bibliography
&

Workshops
@

Master List of Failure Cases [chronological order)

Building Failures
Bridge Fdilures

Dam Failures

Other Fdilure Cases

@
Courses

Information for Faculty

Done

‘4 Start @ CcL1 2005 d... E calaator O projectDesc... | O ProjectRefe... | D Delatte's Vit... G summary 20... | B Supplement... B rbox-Ma... & @7 24rM

Figure 2: Sections of the web site

The listing of case studies is shown in figure 3, in chronological order. This list is also
subdivided into building, bridge, dam, and other case studies.
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Case Studies

Cases Organized by Subject Area:

Building Failures 4

Bridge Failures

Dam Failures

Other Failure Cases

Cases in chronological order:

Dee Bridge, 1847

Johnstown Flood, 1889

Quebec Bridge, 1907

Austin (Pennsylvanial Dam, 1911

Transcona and Fargo Grain Elevators, 1913 and 1955

| ) - } . v

Done

Figure 3: List of case studies in chronological order

) Mozilla Firefox

Fle Edit Vew Hgtory Bookmarks Took Help
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Mechanics of Materials

See Chapter 3 of the book Beyond Failure: Forensic Case Studies for Civil Engineers, Delatte, Norbert J., ASCE Press 2009.

Mechanics of Materials, sometimes called Strength of Materials or Mechanics of Solids, builds directly on statics. 11 infroduces more powerful, but complex, tools
for solving engineering mechanics problems. The tools, combined with equilibrium (statics), may be used to solve statically indeterminate problems. -

Design and performance of connectionsis a topic that may be illustrated through a wide variety of failure case studies. Connections are vulnerable points that
often fail before other structural elements.

Fatigue failures are also well represented in case studies, particularly where stress concentrations are involved. These problems also occur at connections

Typical topics in a mechanics of materials course include:
Normal and shearing stresses and strains
Failure stresses, allowable stresses, and factors of safety
Design of connections for normal, bearing, and shear stress
Stress-strain relationships for materials, including the elastic-perfectly plastic (elastoplastic) model for yielding materials such as structural steel
Axial forces and deformations
Use of compatibility relations fo solve for reactions of statically indeterminate structures

Stress concentrations due to discontinuities such as filets and holes in members
http:/jmatdl.org/failurecases Bridge Cases/quebec_bridge.htm

8 trbox -Mar...

Figure 4: Sample course page, Mechanics of Materials:

A sample course page is shown in figure 4. This course page, for Mechanics of
Materials, links to cases from the Master Course List (figure 3), including the case of the 1907

6’152 1T abed



Quebec Bridge Collapse (figure 5). Many of the cases, such as Quebec Bridge, can be used in
many different courses and thus show up on several web pages.

¥ The Collapse of the Quebec Bridge - Mozilla Firefox

Fle Edit Vew Hgtory Bookmarks Took Help

@ - fay (o http://matd.org/failurecases Bridge Cases/quebec_bridge.htm v -] |G-
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®' The Collapse of the Quebec Bridge 3 | [ Pawleys Island Weather Forecastand .. | -

The Collapse of the Quebec Bridge, 1907
Introduction

The Quebec Bridge was twenty years in the making, from the founding of the Quebec Bridge Company in 1887 1o the bridge’s collapse In 1907. A cantllever
bridge was proposed as the most feasible design to bridge the harsh, icy waters of the St. Lawrence River. The bridge collapsed during construction on August
29, 1907, kiling eighty-six workers. Only eleven of the workers on the span were recovered dlive, and some bodies were never found. A second attempt to bridge
the St. Lawrence River was made. However, it also suffered a partial collapse when the middle span fell into the river. Thirteen waorkers were lost in the second

collapse. The bridge was finally completed in 1917, and stands today. A recent review of the history of the bridge and the two collapses was written by
Middleton (2001).

Conception, Design, and Consiruction

The $t. Lawrence River was the main channel of trade for Quebec during the summer. During the winter, it filed with ice, and trade was completely cut off until
the river iced over and travel was possible again across a dangerous ice bridge. The desire to bridge the $1. Lawrence River was fueled by Quebec’s need to be
competitive in trade. Montreal already had the Grand Trunk raitway system, which passes through it from the west connecting it fo Toronte. Quebec was left
even farther behind when IMontreal began construction in 1854 of the Victoria Bridge, which was completed in 1859, connecting it to western ports. This
development quickly established lMontreal as Canada’s leading eastern port. Although the need was great, the job of bridging the 31. Lawrence would prove
to be no easy task (pp. 7 -8, Middleton, 2001).

The St. Lawrence River was approximately 3.2 km (2 mi.) wide at ifs narrowest section. Ifs waters were about 58 m (190 ft) deep at its middle. The velocity of the
river reached 13 or 14 kph (8 or 9 mph) at times, and the tides ranged as high as 5 m (18 ft). During the winter, ice became stuck in the narrowing and piled up
as high as 15 m (50 ft.) (p. 3, Middleton, 2001}).

<

Done

— - - . - - . .
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Figure 5: Sample case study page: Quebec Bridge

The web site is not merely a web version of the book. The book has more detail about
many of the cases. There are also short cases on the web site which are not in the book. The two
are intended to complement each other.

Summary and Conclusions

The assessment instruments and processes developed during the project have yielded
useful results. The students enjoyed the case studies and believed that they contributed to
learning the course material. The case studies stimulated their interest.

Most faculty who had participated in the one-day case study workshop and who
responded to the survey had made at least some use of the cases in their courses. Although the
range of responses was wide, responses indicated:

It was not particularly difficult to include case studies in courses

The workshop materials were helpful

A significant time commitment was often needed to incorporate case studies
Usefulness to students was high

All fourteen respondents that had used case studies believed that the benefits justified the
cost. A number of them requested additional case study materials.
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