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EXECUTIVE SUMMARY
Objectives
There is increasing recognition, within the UK Health and Safety Executive (HSE) and professional
bodies, of the need to educate engineering undergraduates in aspects of risk relevant to their degree.
However, across degree courses in the UK, the extent and content of risk education varies, and there
is potential for it to not always be proportional to the level of risk that undergraduates could be
responsible for managing in their professional working life. To address this, the Health and Safety
Laboratory (HSL) in association with the University of Liverpool have set up a project to
incorporate risk education into the curriculum of an undergraduate engineering degree course. This
approach can then be promoted to other educational institutions on the basis of its successful
implementation. Integrating risk education into the curriculum has involved defining risk education
as a set of learning outcomes, and designing a tool to ascertain students’ awareness of risk issues
and key concepts. Teaching materials are being developed that use real accident case studies,
student interaction and team-building exercises to enhance students’ understanding of the concepts
of hazard and risk.

The overall aim of this project is to conduct preliminary work towards achieving the HSE’s aims as
stated above. The objectives of the project being to:
Develop a set of risk education learning outcomes that will fulfil the needs of HSE and other
relevant stakeholders, such as employers and the engineering institutions, and describe how
these can be integrated into an engineering undergraduate three and four-year curriculum,
Define a syllabus of risk education topics that will achieve the learning outcomes,
Develop suitable teaching materials that incorporate the risk topics,
Develop a questionnaire that can be used as a benchmark to ascertain the risk awareness of
new students and evaluate the success of the taught syllabus, and
Consider what further work will be required to enable this approach to be promoted to other
educational institutions on the basis of its successful implementation.

Progress
A questionnaire was devised to assess students’ knowledge and awareness of risk issues.
The questionnaire was based on key concepts of the learning outcomes developed in a
previous project. A cohort of new entrants completed this questionnaire at the start, and the
end of the 2004/05 academic year, prior to the introduction of the new materials on risk
concepts. There was a small overall improvement in these scores at the end of the year that
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was statistically significant. When these end-of-year scores were compared with students
overall end-of-year examination scores, there was found to be no relationship. This suggests
that the students were receiving little formal tuition in ‘risk education’ (as identified within
the learning outcomes). It also suggests that any improvement in scores between the risk
questionnaire at the start, and end of the year, was due to practice effects, and a general
learning effect.
The questionnaire was delivered to the 2005/06 students, who are taking the revised course
containing materials on risk concepts, via the on-line virtual interactive teaching and
learning system at the start of the academic year. The format of the questions was unaltered.
A larger number of candidates (211) took part due the enlarged class, which included civil
engineering students as well as mechanical, aerospace and integrated. The overall average
score was virtually unchanged compared to the 2004/05 results.
Risk topics have been successfully embedded in the year 1 modules, ‘Mechanics of Solids’
and ‘Design’ through formal lectures, a virtual laboratory (lab) exercise and keynote lectures
on professional practice. The lectures and lab are complementary with the lab promoting
experiential role-play learning.
There is already good anecdotal evidence from the project leader’s attendance at a selection
of the Ramsgate lab exercises that students are beginning to seriously consider risk issues.
Their answers to the essay question “why is engineering regarded as a safety critical
profession?” show that engineering students at The University of Liverpool understand to a
significant extent their professional responsibilities for the safety of the public as
recommended by Lord Cullen in his report on the Hatfield rail accident.
Various final year undergraduate projects have been set up. One is developing the use of the
machinery safety demonstrator unit as a lab exercise and two others involve learning lessons
from real-life accidents by conducting a forensic/accident analysis.
The profile of the project has been raised through liaison with the Engineering Interinstitutional Group (IIG), British Standards Institution (BSI), Institute of Mechanical
Engineers (IMechE) Safety and Reliability Group (SRG), Safety and Reliability Society
(SaRS) and the Engineering Education conference (EE2006). A seminar to be held in
London at IMechE HQ is being planned for 2007 through the IMechE SRG on ‘Risk
Education for Engineers’. A paper has been submitted for presentation at EE2006 to give an
overview of the risk education project.
A number of key textbooks and documents have been reviewed and purchased through a
special fund for the University of Liverpool library. This represents a research resource and
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source of background reading for students on essential risk topics throughout their whole
course at University.

Recommendations
Consider formal training for next (and subsequent years) Ramsgate lab demonstrators to
ensure continuity and competency. Fine-tune technical notes and support materials in light
of experience and feedback from lab demonstrators and students.
Fine-tune 1st semester lecture materials and develop 2nd semester material.
Build on final year lab demonstrator project in conjunction with electrical engineering
department.
Encourage more staff to introduce accident investigation/forensic type final year projects
involving learning lessons from real-life accidents.
Promote internally within the department through research forum to allow more staff to be
involved. It will have more impact if promoted as adhering to the University Construct,
Design, Implement, Operate (CDIO) standard.
Continue to promote externally through IMechE SRG seminar, SARS, IIG, CDIO and
EE2006.
Consider revising the laboratory safety talk at beginning of year one.
Organise keynote lectures and consider the development of a DVD package with overheads,
video clips and handouts.
Consider developing a booklet on risk issues to supplement the first year essential textbook
[9] to be printed with the text as an extra chapter or provided as a separate publication. This
would principally draw upon the content of keynote lectures.
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1. Introduction
The need to educate undergraduates in aspects of risk relevant to their discipline is recognised
by various professional institutions and degree accrediting bodies. Over a third of respondents
from the Health and Safety Commission’s (HSC) consultation exercise ‘Revitalising Health
and Safety’ [1] specifically mentioned the importance of covering health and safety issues in
further and higher education. In addition, 25% of respondents stated that standards of
‘designed-in-safety’ would be improved if there were more focus on health and safety during
design courses and if standards required for the European Community CE marking and other
‘kite’ certificate markings were clarified.

The Health and Safety Executive (HSE) is committed to ensuring that professionals working
in a safety-critical business receive adequate education in risk management as part of its
mandatory activities detailed in the HSC strategic plan 2001/2004 [1]. However, there is an
indication that across Higher Education (HE) engineering courses the content and extent of
risk education varies, and there is potential for it to not always be proportional to the level of
risk that undergraduates could be responsible for managing in their professional working life.
A literature review scoping risk education in HE indicates that the uptake of risk education in
the UK is in its infancy and has not yet been formally implemented in any comprehensive
manner across degree courses [2]. HE institutions generally do not interpret the accrediting
bodies’ guidelines for the content and extent of risk education uniformly [2]. The lack of
detailed prescription for risk education learning outcomes and course content is one of the
main barriers inhibiting universities from addressing risk education in a more comprehensive
way.

The need for formal implementation of risk education is addressed directly by HSE’s strategic
business aims. Action point 34 states, ‘The government and HSC will act to ensure that
safety-critical professionals such as architects and engineers receive adequate education in
risk management. This will be delivered through a program of direct approaches to relevant
higher and further education institutions and professional institutions’ [1].

Another strong driver is the recommendation, made by Lord Cullen in his report on the
Hatfield rail accident, that “education of engineers should deliver professionals who
understand their professional responsibilities for the safety of the public, including the need to
act on safety critical defects, and who can apply the principles of risk management.
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The EU strategy on health and safety also identifies education and training as key factors to
prevent accidents among young people when they first enter the workplace. An EU project to
mainstream occupational health and safety into education [4] was therefore started in 2002.
The philosophy of the project is that the sooner children and young people get acquainted
with the concepts of health and safety then the sooner they can develop risk awareness, and
the better they can develop their own framework of learning in their future education.

Drawing upon other relevant work in the field of risk education, a proposed set of risk
education topic areas was developed for undergraduate engineering students. These were
grounded in current professional requirements of the engineering institutions, legislation, and
best practice described in relevant HSE publications and current academic courses. These
topics were circulated to a number of key stakeholders in HSE, academia and the engineering
institutions to obtain their opinion. These opinions were incorporated into a final template of
topic areas [3]. From this, learning outcomes (aimed at programme level) that could be
embedded in an undergraduate engineering course were developed. A differentiation was
made in the learning outcomes between the awareness and understanding of risk concepts,
and the application of this knowledge. These learning outcomes balance the necessary
knowledge of risk concepts for graduate engineers on entering the professional arena with the
competing demands of other new topics on the curriculum. They also incorporate those areas
that were identified during the consultation as high priority, e.g. personal safety and the
importance of using appropriate design standards.

The desired learning outcomes in risk concepts are summarized as follows:
On successful completion of the programme, students should be able to demonstrate
knowledge and understanding of:
(i)

The concepts of hazard, safety and risk as part of everyday life,

(ii)

The engineer’s professional responsibilities for safety and managing risk (moral
and legal obligations, and financial and human factors relating to safety),

(iii)

The principles of hazard identification and risk assessment relevant to the
discipline,

(iv)

The methods of hazard identification and risk assessment (both qualitative and
quantitative) relevant to the discipline and how to apply them in familiar
situations,

(v)

The techniques for reducing and controlling risk and how to apply them in familiar
situations,
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(vi)

Potential exposure to hazards and risk in the workplace, and

(vii)

Underlying causes of accidents and failures (through case studies).

On successful completion of the programme, students should be able to demonstrate ability in
applying knowledge of the above topics as follows:
(i)

Can design simple engineering systems for safety accounting for uncertainties,

(ii)

Can perform a risk assessment using appropriate methods, avoiding some of the
common pitfalls, and implement, where necessary, effective risk reduction
measures,

(iii)

Can learn from documented failures and accidents the underlying hazard, safety
and risk issues and relate this knowledge to their future professional
responsibilities, and

(iv)

Can identify and control safety hazards to themselves and others in the course of
work activities.

More details on the development of the learning outcomes and the risk awareness
questionnaire are given in a previous report [3].

The objectives of this report are:
x To convey progress made since the last report [3],
x To present the results of the use of the risk awareness questionnaire, and
x To provide details of the teaching materials developed and their implementation in the
current 2005/06 academic year.

2. Current developments at the University of Liverpool
This project takes advantage of an ideal window of opportunity as it complements and
coincides with changes within the Department of Engineering at the University of Liverpool.
Over the next 5 years the department plans to develop a range of new taught programmes
relevant to 21st century engineering, building on the department’s multi-disciplinary strengths
and 5* RAE standing. This will require a radically redesigned curriculum for virtually all
programmes, producing a new kind of engineering graduate that has been branded locally as
“The Liverpool Engineer”. This graduate will find team-working completely natural, will
have a strong analytical basis for knowledge and understanding, be able to tackle problems
from a multi-disciplinary perspective and will have already taken control of his/her own
3

learning and professional development.

Such a graduate will be a professional and

immensely employable.

The initiative will lead the further development and holistic implementation of active and
interactive learning and teaching methods, across all years of taught programmes in the
Department of Engineering (more than 500 students in programmes leading to BEng, MEng,
BSc and MSc). These activities will engage engineering students to take full responsibility
for their learning, through problem and solution-oriented approaches. These developments
will be extended to influence more than 1000 students in the other engineering departments at
Liverpool and beyond, throughout the UK. A major investment by the University (>£4M) in
the building of a new active learning laboratory (ALL) will provide a suitable environment
and showcase for the above developments.

The Department of Engineering has also joined the collaborative CDIO initiative [5]. The
CDIO initiative is an innovative educational framework for producing the next generation of
engineers. It provides students with an education stressing engineering fundamentals set in
the context of Conceiving - Designing - Implementing - Operating real-world systems and
products. It was developed with input from academics, industry, engineers and students. It is
universally adaptable for all engineering schools. CDIO initiative collaborators throughout the
world have adopted CDIO as the framework of their curricular planning and learning
outcome-based assessment. The CDIO initiative is rich with student projects complemented
by internships in industry. It features active group learning experiences in both classrooms
and in modern learning workshop/laboratories, and rigorous assessment and evaluation
processes.

The aims of the ‘Liverpool Engineer’ project and the CDIO initiative are clearly
complementary to the aims of the risk education project and are seen to benefit each other in
the creation of a new learning environment at Liverpool. In this, students will experience
more closely what it is like to be a practising engineer akin to how medical and law students
receive direct professional experience in their undergraduate training.

The University of Liverpool is hosting the next Engineering Education Conference in 2006 on
‘Innovation, Good Practice and Research in Engineering Education’ [6]. A special session is
being organised under the title ‘The Professional Engineer’ to show examples of getting
students to play professional engineering roles. This session will be headed by a keynote
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lecture given by Patrik Doucet of the University of Sherbrooke, Quebec, Canada entitled ‘The
Formation of the Professional Engineer’. A paper entitled ‘Educating Engineer’s in Risk
Concepts’ has been submitted for presentation at this conference by the authors of this report.

2.1 Two-Week-Creation and Icebreaker CDIO Exercises
In the academic year 2005/06 the Department of Engineering is running its first CDIO
exercises for year 1, the first week ‘Icebreaker’ and the ‘Two-Week-Creation’ (TWC). The
‘Icebreaker’ will run over 3 days in week 1 of the 1st semester and the TWC will run during
the last week of the first semester and first week of the second semester.

The ‘Icebreaker’ is a cardboard bridge building exercise to get students to:
 Fabricate and test cardboard model truss members in tension and compression
 Analyse the forces in a model truss bridge
 Determine the factor of safety of the model bridge
 Fabricate and test load a completed model truss bridge (in some cases to collapse)

Students work in their tutor groups and are given briefing lectures and written instructions on
each of the three days.

The TWC activity will involve all year 1 students (296 formally registered) in conceiving,
designing, implementing (i.e. building) and operating a rocket (Mechanical, Design and
Integrated engineering students), a radio-controlled aeroplane (Aerospace and Materials
engineering students) and a bridge (Civil engineering students). The TWC exercise is seen as
a major component of the “Liverpool Engineer” CDIO programmes over the next 2 years and
beyond. These design exercises complement this project in so far as the risk concepts learnt
can be applied in practice.

3. Undergraduate Risk Awareness Questionnaire
The purpose of the questionnaire was to ascertain students’ level of understanding of the risk
education learning outcomes prior to receiving formal tuition at undergraduate level.
Therefore, the questions were designed to assess understanding of concepts as opposed to
knowledge of facts relating to a taught course. The key concepts for each learning outcome
were first agreed by the project team [3]. A total of fifty multiple-choice questions were
developed to provide some indication of students’ knowledge and understanding of the key
concepts of the learning outcomes in the following risk topic areas:
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1. Concepts of hazard, safety and risk as part of everyday life (12 questions),
2. Engineer’s professional responsibilities (12 questions),
3. Principles of hazard identification and risk assessment (8 questions),
4. Techniques for reducing and controlling risk (6 questions),
5. Potential exposure to hazards and risk in the workplace (6 questions), and
6. Underlying causes of accidents and failures (6 questions).

Due to the time constraints there was no formal testing of the validity of the questionnaire,
though there was a limited piloting, resulting in non-substantial changes. The face validity of
the questionnaire was judged to be appropriate according to the experience and knowledge of
the project team.

A multiple-choice style of question format was adopted to reduce the subjective element of
marking a large number of open-ended answers, and to better facilitate comparisons between
levels of understanding across the various risk topic areas. Each question had a possible five
answers from which the student had to mark one choice that was in their opinion the best or
correct answer. A few questions had a number of potentially valid answers, though the
‘correct’ answers were based on the preferred set of responses defined by the project team.

3.1 2004-05 Questionnaire
The questionnaire was given to new entrants at the start and end of the 2004/05 academic
year. In both cases it was taken under comparable examination type conditions. In order to
make comparisons with the students’ end of year average results across all assessed subjects
and due to absences at the re-test, the sample for analysis reduced to 78 from the original 121
who participated at the start of the year.

The overall results are summarised in Table 1, giving maximum, minimum and average scores
for the complete questionnaire taken at the start and end of the year. It shows a small decrease in
maximum scores, and an increase in minimum and average scores.
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Table 1: Average scores for the questionnaires
Score (%) Start of year 04-05 End of year 04-05 Score change (%)
Maximum

90

88

-2.2

Minimum

24

24

0

59.8

63.4

+6.0

Average

The increase in average score could be attributed to practice effects, e.g. familiarity with the
questions in the retake. However, there were some interesting trends in the different sections of
the questionnaire that justify further examination.

The distribution of scores for each question is given in Figure 1. It is interesting to note that no
question was correctly or incorrectly answered by all students in the sample.

Start of year

End of year

100.0
90.0

Question score(%)

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
0

2

4

6

8

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Question No.

Figure 1: Distribution of scores by question

The distribution of scores in the ranges 0-20%, 21-30%, 31-40% and so on, is given in Figure 2.
This shows the number of candidates in each score range, the majority (53/78) being in the 5170% range.

Questionnaire data were entered into an SPSS (Statistical Package for the Social Sciences)
database for analysis. The students’ start of year, and end of year scores, were able to be
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matched. Formal tests of significance (Paired Sample T-Test) were conducted to assess the
degree of change in the students’ scores between the start of year questionnaire, and the end of
year questionnaire.

50
37

No. of Candidates

40
29

30

Start of year
End of year

19

20

16
12
8

10
1

0 0

3

11

8
3

5
2 2

0 0

0
0-20%

21-30% 31-40% 41-50% 51-60% 61-70% 71-80% 81-90% 91-100%
Questionnaire score

Figure 2: Distribution of scores according to percentile group

The difference in the scores was found to be significant (T-Test p<0.01). This indicates
confidence at the 99% level that the overall improvement in scores is not due to chance. Or
put another way, there is a 1% chance that the pattern of difference between the two groups of
scores is random. This measure of statistical significance does not indicate the reason why the
improvement in scores has occurred. It is reasonable to assume that practice effects have
contributed to the improvement, as well as a general learning effect (the students had
undertaken a year of academic study in between completing the two questionnaires. The
effect size (e.g. the difference between the two groups of scores) is small, especially when
compared to the range of the scores. There is around a three percent increase in the mean
average for the end of year scores. It will be interesting to compare these results, with the next
cohort of students, who will have received the course incorporating risk education.
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Start of year(sorted)

End of year

Im provem ent(m arks/100)

100

Candidate score(%)

80

60

40

28
20

0

0
-20

2

4 6

-2
-2
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76
-8 78
-12

Candidate(Sorted)

Figure 3: Differences in questionnaire scores by candidate

A number of students (16) out of the sample of 78 improved their performance by 10 or more;
one candidate improved by 26 and 33 candidates did not improve their performance, as seen
from Figure 3. It is possible that the conditions under which the re-test were conducted could
have influenced performance. Issues such as fatigue could have had a detrimental effect,
especially as the re-test was conducted during the end of year exams. The issue of motivation
also needs to be considered as potentially influencing performance. Students were aware that
the re-test had no bearing on their end of year assessments, and so might have been less
committed to answering the questionnaire as effectively as when they first did at the start of
the 2004/05 academic year.

With reference to Figure 4, Questionnaire sections 1 (Concepts of hazard, safety and risk as part
of everyday life), 3 (Principles of hazard identification and risk assessment), and 6 (Underlying
causes of accidents and failures), scored the lowest averages of all the sections in the
questionnaire. These sections were designed to evaluate the students’ understanding of the
fundamental concepts and principles of risk. It is reassuring to find that the sections on an
engineer’s professional responsibilities (Section 2) and potential exposure to hazards and risk in
the workplace (Section 5) achieved the highest average scores. Though, it should not necessarily
be assumed that all sections of the questionnaire were equally challenging to the students.
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Figure 4: Differences in scores according to section of questionnaire

The questionnaire results will provide a useful benchmark against which to gauge anticipated
improvements in students’ knowledge of risk concepts once the risk education learning content
has been incorporated into the engineering undergraduate curriculum for admission in the
2005/06 academic year. The questionnaire can be made available for use by other academic
intuitions under controlled conditions.

Each question was analysed to show the distribution of scores by groups of students ranked
according to their total score for the questionnaire. The analysis generated five groups in this
case. The ideal distribution, given in Figure 5, shows a decreasing trend in which group 1
represents students who obtained the highest overall score and group 5 represents students who
obtained the lowest overall score for the questionnaire.

1

2

3

4

Figure 5: Ideal score distribution
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5

Individual questions should have a similar distribution to the ideal given in Figure 5, i.e. highest
scoring students should be scoring well in the individual questions. If the distribution is
significantly distorted for an individual question, and does not reflect the ideal distribution (e.g.
shows a reversal of the increasing trend), then this could indicate that the logic of a particular
question might have been perceived as inconsistent by the students. The following question was
the only one within the questionnaire, where the pattern of responses did not follow the pattern of
the ideal distribution.

Question 8: Someone using an electric circular saw will have the highest risk of suffering injury
if they?
A. Use it once a week
B. Use it every day
C. Use it twice a week
D. Use it all day every day
E. Use it once a month

A possible explanation for the pattern of responses to this question is that the more academically
inclined students will take more time to think about the question, and start to consider the
complexity of the issue, e.g. increasing competence through more exposure to the activity could
be considered beneficial to reducing risk, and that for this instance, the increase in risk might not
be directly related to the increase in exposure.

The highest and lowest scoring questions for each section of the questionnaire are presented in
Table 2.

11

Table 2: Highest and lowest scores for each section of the questionnaire
Section

Start of year
Min score
Max score
(%)
(%)

Average
(%)

End of year
Min score
Max score
(%)
(%)

Average
(%)

1 (12Q)

30.8 (Q2)

94.9 (Q9)

65.5

33.3 (Q2)

91 (Q5)

66.3

2 (12Q)

5.1(Q21)

94.9 (Q14)

60.7

5.1 (Q21)

91 (Q14)

63.2

3 (8Q)

20.5 (Q25)

84.6 (Q26)

50.3

23.1 (Q30)

85.9 (Q26)

55.4

4 (6Q)

34.6 (Q35)

71.8 (Q36)

59.4

41 (Q35)

80.8 (Q36)

64.5

5 (6Q)

48.7 (Q41)

85.9 (Q40)

77.1

59 (Q41)

92.3 (Q40)

82.5

6 (6Q)

21.8 (Q49)

55.1 (Q50)

46.8

25.6 (Q49)

59 (Q46/50)

48.1

The following question was answered correctly by the greatest number of students out of all the
questions in the whole questionnaire.

While the majority of students have answered this

question correctly, it is possible at this stage that they are not able to fully articulate the reasons
for their choice, i.e. that neglect of safety precautions and increasing exposure are important
factors for the increase in risk.
Question 9: Which one of the following situations has the highest risk of an accident?
A. An experienced technician who uses a reliable computer operated metal
cutting machine a few times most days
B. A student who uses a reliable computer operated metal cutting machine
rarely with supervision
C. An experienced technician who uses an old manual operated metal cutting
machine all day every day
D. A trainee technician who uses an old manual operated metal cutting
machine occasionally
E. An inexperienced technician who uses an old manually operated metal
cutting machine most of every day and often forgets to use the safety
glasses
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The following question was answered incorrectly by the greatest number of students out of the
entire questionnaire. Most students (about 50%) selected negligence and some (about 30%) took
‘all of the above’ as their correct answer
Question 21: A practicing engineer who fails to exercise all reasonable care to prevent avoidable
danger to health and safety can lose their professional engineering status on the grounds of
A. Incompetence
B. Negligence
C. Misconduct
D. Fraud
E. All of the above
A comparison of the end of year questionnaire results, and the end of year exam results
average was conducted. So as not to disclose the actual end of year exam results, only the
questionnaire results are presented in Figure 6, which are sorted by the end of year average.
The initial hypothesis was that students scoring highly in the end of year questionnaire were
also expected to score highly in their overall end of year assessment/exams.

A formal test of significance (Spearman Rank Correlation Coefficient) was conducted to
assess whether there was a correlation between the end of year questionnaire and the end of
year exam results average. The difference in these scores was not found to be significant at
any of the recognised levels of significance, and so the null hypothesis (i.e. that there would
be no correlation between these two sets of results) was supported.
100.0
90.0

Average Score

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
0 2 4 6 8 1012141618202224262830323436384042444648505254565860626466687072747678

Candidate(sorted according to their end of year exam results )

Figure 6: End of year questionnaire scores (normalised) according to ranking of end of year
exam average
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These results seem to suggest that the end of year questionnaire and the end of year exams
average are measuring different attributes. In retrospect, this is perhaps to be expected, as the
questionnaire is intended to assess awareness of a topic that students have not yet encountered
in a formal sense, so it is not surprising that the results for the risk questionnaire are
independent of academic performance on subjects that the students have been introduced to.
This lack of relationship between these two sets of results also suggests that there was little
convergence of the learning content for risk education (as specified in the template for risk
education learning outcomes), with the content of the actual course that the 78 students took
over the 2004/05 academic year. This also points to the possibility that the improvements in
scores for the risk questionnaire between the start and end of the year, are due to practice
effects and a general learning effect, rather than any of the course content that the students
received informing their knowledge of risk education.

The results of the 2004/05 questionnaire and overview of the project were presented at the
SIAS2005 conference and poster session [7]. This generated interest in the project and a
useful exchange of ideas from international institutions that the project team is following up.
A paper has also been submitted to the international journal of mechanical engineering
education.

3.2 2005-06 Questionnaire
Some minor changes were made to a few questions in the questionnaire before it was given to
the current 2005/06 year 1 students, namely: the preferred answer was changed in one
question and two questions were made multiple-preferred answer such that students will gain
a point by choosing either one of the possible answers.

The results of the 2004/05

questionnaire have been modified to reflect these changes so that a direct comparison can be
made between the two groups. This time the questionnaire was delivered via the University’s
on-line virtual interactive teaching and learning (VITAL) system, to which the students have
access. The format of the questionnaire was unaltered but the students were allowed to stop
and start the questionnaire on-line. The questions were presented one at a time and they were
unable to back-track and change an answer or view the correct answer. They were given a
total of two hours (on-line) to complete the questionnaire. Most students completed within an
hour. The questionnaire was made active for around one week to allow students who may
have registered late to participate. The Year 1 group encompasses Mechanical and Civil
engineering students for the first time since the amalgamation of two departments,
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Engineering and Civil, from August 2005.

Consequently, almost three times as many

students as last year participated in the questionnaire.

To motivate students to complete the questionnaire within the one-week period, a prize of a
free course textbook (bookshop price £39.99) was offered to the two highest scores. Both
winners achieved the same score (84%), a civil engineering student and a mechanical
engineering student. The initial results of the questionnaire are given in Table 3.

In addition to the 50 multiple-choice questions, an essay type question was set at the end. The
students were asked to convey why engineering is regarded as a safety critical profession.
Most of the 77 students who responded to this question gave very good answers – see
appendix A. Most recognised that faulty products put the public at risk of injury or death and
that as engineers they therefore had a responsibility to ensure safety was properly considered
during design. Many recognised that engineering decisions have a wide impact on everyone.
But only a few mentioned their responsibility for their own safety and that of their colleagues.
The most succinct reply was probably: “People count on engineers to deliver”.

The intention is to give the same group of students the questionnaire towards the end of their
first year as a formal assessment immediately following the keynote lectures in design. The
mode of delivery will be same as at the start of the year, on-line via VITAL.

The overall results of the questionnaire given at the start of year are summarised in Table 3.
Table 3: Risk questionnaire results comparison
Score (%)

2004/05 (78 candidates)

2005/06 (211 candidates)

Score change (%)

Maximum
Minimum
Average

90
24
59.85

84
24
59.77

-6.7
0
-0.13

The decrease in maximum score can be attributed to an outlier. The average scores are
essentially the same. The distribution of score for each question is given in Figure 7. A
comparison between the 2004/5 and 2005/6 scores in each section is given in figure 8.
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Figure 8: Comparison of questionnaire scores

A T-test was conducted to compare last year’s scores with this year’s scores at the beginning
of the academic year. This gave a very high correlation of the scores (0.98), at a 95%
confidence level. Thus it is 95% certain that there is no significant difference between the
groups’ scores. This gives a strong basis for proceeding with using the class test to evaluate
the success of the new course in achieving the desired learning outcomes relating to risk
concepts.
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Candidates' Percentage (%)
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Figure 9: Distribution of scores

The distribution of scores in the ranges 0-20%, 21-30%, 31-40% and so on, is given in Figure
9. This shows the percentage of candidates in each score range, the majority (about 65%)
being in the 51-70% range. The 05/06 scores show a better normal distribution, the most
likely reason for this being the larger group of students who took part.

4. Risk Education Syllabus
The engineering taught programmes at the University of Liverpool are aimed at developing to
Honours degree level the knowledge, skills and understanding of their graduates to meet the
needs of industry. The mechanical engineering taught programme (which is typical of the
engineering taught programmes at Liverpool) aims to provide graduates with a sound
understanding of engineering principles and the ability to undertake teamwork and
communicate ideas. Graduates should also understand the engineer’s role within industry in
the UK and Europe. The 4-year MEng programme provides a greater depth of understanding
through specialist options and opportunities to develop innovation and leadership skills
through group design work and an enhanced project.

The MEng programmes in mechanical engineering are designed to meet the full MEng
requirements defined by UK Standard for Professional Engineering Competence (UK-SPEC)
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2004 [10]. The programme aims, which go beyond those of the 3-year BEng programmes
given in the previous paragraph, are:
x To develop the students’ academic knowledge in certain engineering topics to an
advanced level beyond that of the final-year BEng level,
x To develop further knowledge and understanding of aspects of management of the
technical function, and
x To develop further knowledge and understanding of European matters relevant to
engineers, or to develop language skills.

The aim in embedding risk education into the engineering programmes described above is to
enable engineering students to graduate with
(i)

An understanding, as professional engineers in carrying out their own activities, of
their responsibility for the safety of others, and

(ii)

An understanding of safety and risk issues relevant to their own specific discipline.

The following topics were proposed as an outline template for a risk education syllabus in an
undergraduate engineering programme.
(i)

Basic introduction
Aims and objectives (including expected student input and assessment).
Definitions and terminology. Engineering as a ‘safety-critical’ profession. Hazard
and risk as part of everyday life.

Fundamental concepts of safety, hazard,

likelihood, probability and risk. Examples. Case studies. Bibliography (including
web sites).
(ii)

Management of personal risk
How to control risks associated with the main hazards that a student is likely to
come across during lab/project work and later in the workplace. Use of personal
protective equipment and emergency procedures. Examples.

(iii)

Risk modelling and quantification
Hazard identification and preliminary hazard analysis. Treatment of uncertainties.
Qualitative and quantitative risk assessment. Limitations and potential pitfalls of
risk assessment.

Failure modes and effects analysis.

Fault and event trees.

Human error. Assessing the consequences of a specified hazard. Acceptability
and tolerability of risk. Cost benefit analysis. Examples. Case studies.
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(iv)

Professional responsibilities including legal requirements
Legal framework. The Health and Safety at Work Act etc 1974. UK regulations
and European directives.

Legislation enforcement.

Prescriptive versus goal

setting philosophy. Professional engineering codes of conduct. Examples. Case
studies.
(v)

Management of risk
Safety culture and climate. Safety management systems. Examples.

(vi)

Safety in the design process
Human and organisational factors including basic ergonomics and human error.
Inherently safe design.

Attitude to safer design.

Use of best practice and

standards. Examples.
(vii)

Risk reduction and control
Prevention. Mitigation and control strategies. Examples.

Two modules were targeted as being suitable for embedding some of the above topics in the
first year of the engineering degree programme at Liverpool, namely Mechanics of Solids
(MECH102) and Design (ENGG100). The focus to date has been on embedding the key
concepts and issues about risk in the first year of the programme. Further details of the
developments in the Mechanics of Solids and Design modules are given below.

In addition, a number of final year projects have been set up at Liverpool to develop the use
of real-world accident data to reconstruct the events leading to the accident and determine the
causal factors. One is looking at the effects of flight into a severe wind shear caused by
micro-burst and another following a failure of the rudder actuator. Both are based on realworld accidents. It is planned to make more use of these types of forensic investigation
projects in the future. A further final project is exploring the use of the machinery safety
demonstrator unit in a laboratory exercise or lecture demonstration. Its role in a laboratory
exercise will be to give students hands-on experience of safeguarding machinery and
foreseeable ways for misuse. Such a unit is currently deployed for the training of HSE
inspectors. The University of Sherbrooke in Quebec, Canada have developed a similar unit
and accompanying safety training modules for undergraduates and Quebec inspectors.
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4.1 Year 1 Mechanics of Solids
4.1.1 Lectures
The essence of ‘Mechanics of Solids’ is about structural integrity and avoiding failures. This
is an ideal module to embed some of the key risk concepts and issues. While retaining the
core engineering science topics, it was possible to link several of the key risk concepts to
stress analysis through case studies of engineering disasters. The case studies are used to
show what can happen when engineers get it wrong, make mistakes or even worse ignore the
warning signs that something is wrong. Two BBC Disaster Series films, the Challenger
Space Shuttle and Piper Alpha, are being used in the lectures as showcase examples of how
wrong decisions can lead to disaster. This gets students thinking outside the confines of the
theory to real issues that could affect them in their future professional life. Shortly after
giving the first lecture and showing the Challenger film, an article appeared in the Daily
Telegraph reporting the issues surrounding the aerospace engineer who raised safety fears on
the A380 Airbus. The direct link between this and the Challenger film was made in the
second lecture as a follow-up to emphasise the point that as professional engineers they could
face similar issues in their work. Safety issues are embedded in the lecture material and
integrated with the theory rather than added on as a separate topic. New PowerPoint slides
have been produced to enhance the presentation and enable the material to be reviewed on
VITAL. Summary sheets have been produced for each lecture to highlight the main points.
These are given in Appendix B. A selection of slides from the lectures is presented in
Appendix C.

4.1.2 Laboratory
A new laboratory (lab) exercise has been designed based on the Port Ramsgate accident
investigation. The development of this drew upon a similar exercise run by The University of
Sheffield. The aim of this lab is to learn about the accident investigation process and to
appreciate what important lessons can be learned from engineering failures, that accidents
generally have no single cause. The lab will serve to emphasise that human error has a large
part to play in the underlying cause of accidents. In this lab, students take on the role of the
accident investigation team gathering evidence and data eventually to be used in the criminal
prosecution of those parties responsible for the accident. A re-construction of the scene has
been created with the 1/100th scale model (on loan from HSL) that was used in the actual
court prosecution and a file of data comprising photographs, witness statements and other
technical documents mainly taken from the accident investigation report [8]. The lab is in
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two parts, (1) the technical investigation in the 1st semester and (2) the case for criminal
prosecution to be delivered in year 2 or 3. The lab exercise is taken by all year 1 students in
the 1st semester. The lab is carried out in small tutor groups of around 6 to 10 students.

The technical investigation is divided into 5 stages and will be tackled by a different group of
students each week. Each group draws on findings from the previous group as would be done
in real life investigations. The lecture material is also timed to synchronise with the particular
stage in the investigation. The last two lectures in the 1st semester cover points from the
whole investigation so that every student will get some exposure to every stage.
The stages are:
1. Recording the incident
2. Design considerations
3. Risk management
4. Materials assessment
5. Stress analysis

A worksheet has been prepared for each stage to guide the students through the tasks and lead
them to record the important information.

Extracts from the worksheets are given in

Appendix D. All the information students require is contained within a folder. Extracts of this
material are given in Appendix E. Students can also refer to the scale model and search for
clues. The worksheet also serves as their technical note, on which they will be assessed, to be
completed during the lab session (3 hours) and handed to the demonstrator at the end of the
session before they leave.

Initial indications are that students are engaged and working together as a team. Some groups
need a bit more encouragement to interact as a team than others. This is where the role of the
demonstrator is important to the success of the lab. Staff are being informed of these
developments in meetings whenever possible. Early indications are that the new lab (referred
to as the ‘virtual lab’ compared with a traditional experimental lab) is generating considerable
interest and is accepted as an important element of the student’s active learning experience.

When students arrive they are first given a tongue-in-cheek icebreaker to get them thinking
and talking to one another. If the group appears to be rather quiet then the lab demonstrator
uses the icebreaker questions to generate discussion. The lab proper then commences with a
short introductory talk either from a member of staff or a competent research student (the
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demonstrator). Thereafter the students will follow the instructions of the demonstrator who is
there all the way through to facilitate but not to do the lab with the students. Students are
encouraged to search for clues on the model as shown in figure 10 and follow them up using
the file of information, use white boards and mind-maps for discussion but fill in the
worksheets, which represent the majority of the marks, on their own as shown in figure 11.

Figure 10: Student examining the model and searching for clues

In year 2 or 3, students will review the evidence gathered from the technical investigation,
identify what violations have been committed and who was responsible under the legal
framework and decide whether or not there is sufficient evidence to prosecute those parties
responsible. They will then have to prepare a case for prosecution and expert witness
statements using all the data gathered from the technical investigation. Worksheets will again
be prepared for this part of the investigation. An important aim in this lab is to learn about
health and safety law.
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Figure 11: Group of students working together referring to file of information

4.2 Year 1 Design
A number of experts have been approached to give keynote lectures on the following topics:
Professional Responsibilities by Graham Dalzell a practicing mechanical engineer
working in the oil industry. He is a graduate mechanical engineer from Queens Belfast
having studied under one of Britain’s most respected engineers, Professor Sir Bernard
Crossland. He spent his first 9 years with Dunlop, joining their graduate engineer
training scheme. His first position was with United reclaim in Speke studying the
cryogenic fragmentation of scrap tyres. Thereafter, he joined their fire protection
division, Angus Fire, developing a range of fixed gaseous fire extinguishing systems.
In 1985, he joined BP, as a fire and safety engineer, working on the upgrade of the fire
protection of all of their UK platforms. This had just been completed when the Piper
Alpha disaster occurred. He gave evidence to the inquiry and helped to draft both the
goal setting legislation and guidance. In more recent years, he has broadened from
simply addressing fire protection to take a more holistic and pragmatic approach to
managing major accident hazards both in design and operation. He has applied this
philosophy to major offshore projects worldwide and has developed hazard
management systems in Trinidad, Indonesia and Egypt. In 2003, he set up his own
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consultancy (TBS)3 specialising in major accident hazards. He is a member of the
Hazards Forum set up by the four major engineering institutions Civil, Electrical,
Mechanical and Chemical Engineers. The Forum provides an interdisciplinary focus
for the study of disasters and the promulgation of lessons learned from them, and also
informs the public understanding of risk.
Human Error by Graham King who has over 30 years experience working as HM
Inspector of Health and Safety responsible for enforcement of health and safety
legislation and accident investigation across a wide range of manufacturing industries.
He has a particular interest in health and safety management systems and human
factors issues.
Use of Codes and Standards by Martin Keay who has fifteen years of practical
experience of writing CEN standards on packaging and food processing machines and
thirteen years experience of teaching people how to do machinery risk assessment
following the principles laid out in international standards on safety of machinery. He
was convener of the CEN working groups that have written:
~ EN 415-1: 1999; Safety of packaging machines - Part 1: Terminology and
classification for packaging machines and associated equipment
~ EN 415-3:1999, Safety of packaging machines; Part 3: Form, fill and seal
machines.
He is also the convener of the CEN working groups that are currently writing:
~ prEN415-7 Safety of packaging machines; Part 7 Group and secondary
packaging machines
~ prEN 415-8 Safety of packaging machines; Part 8 Strapping machines
~ prTR 1672-1 Food processing machinery - Basic concepts - Part 1: Safety
requirements
~ prEN 15180 Food processing machinery - Food depositors - Safety and
hygiene requirements
Inherent Safety by David W Edwards who has a BSc(Eng) and PhD at Imperial
College, London in Chemical Engineering. He worked in industry for 10 years as a
consultant in techno-economic analysis of chemical production processes and
computer applications for the oil and petrochemicals industries.

He joined the

Department of Chemical Engineering at Loughborough University in 1990 and left as
a Senior Lecturer in 2002; he retains a Visiting Fellowship in the Department. David
now consults in safety and loss prevention, specialising in inherently safer design. He
is a Fellow of the Institution of Chemical Engineers (IChemE) and is both a Chartered
Engineer and Scientist. He is a member of the Editorial Board (for inherent safety) of
the Transactions of the IChemE, Part B (Process Safety and Environmental
Protection). He has published 74 refereed papers covering his wide-ranging interests.
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These lectures have been packaged together and will be delivered to year 1 students taking
Design in the 2nd semester under the overall heading of professional practice. With the
agreement of the experts the keynote lectures will be recorded together with audience
interaction to enable them to be replayed in future years. This may then be used to produce a
video package that can be used by other universities.

4.3 Essential Text and Library Resources
The publishers of the essential text for students in the first year [9] has supplied the books
shrink-wrapped with the Engineering Council’s Engineers and Risk Issues Code of
professional practice. Moreover they have agreed to shrink-wrap a booklet of material from
the keynote lectures or even bind them into the books as extra chapters.

A number of key textbooks, reports and reference documents were reviewed as to their
suitability for support material for the new risk syllabus and the development of educational
material for lectures. The books and documents that were identified as being suitable were
generally classed as recommended or background reading for students. A case was made to
purchase a number of these books for the University of Liverpool library through a special
grant for promoting course development and new topics. A list of the references is given in
Appendix F. Multiple copies of key documents were ordered. HSL provided a number of
these documents. Students were made aware of this resource in the opening lecture and
encouraged to obtain a copy of the Engineering Council’s more comprehensive guidelines on
risk issues.

5. Liaison and promotional activities
The project team has continued to liase with Professor Richard Taylor chair of the interinstitutional group (IIG) on safety who is leading a project to develop a multi-media resource
for universities. The two projects continue to complement one another very well. Liaison also
continues with BSI who is developing educational materials. Members of the team are also
actively networking with other interested universities through a variety of fora, taking
advantages of opportunities to promote the project through conference papers, posters,
presentations and journal papers. Graham Schleyer is actively involved with the organisation
of the Engineering Education Conference in 2006 (EE2006) on ‘Innovation, Good Practice
and Research in Engineering Education’ [6]. A seminar on ‘Risk Education for Engineers’, to
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be held in London at IMechE HQ, is being planned for 2007 through the IMechE Safety and
Reliability Group.

Equally important is the promotion of the project amongst staff within the engineering
department of the university of Liverpool. This was kicked off with a presentation of the
relevance of the project by the HSE technical customer, Brian Fullam, to staff and PhD
students under the department’s research seminar program held on Wednesday afternoons.
The talking point created by the Ramsgate lab exercise has continued this process and staff
will also be invited to the keynote lectures in the next semester that usefully coincide the
department’s new research forum held on Friday afternoons. However the timing has not yet
been right to conduct a one-day staff seminar on the project.

6. Conclusions
The questionnaire developed in the previous project [3] was completed by a cohort of
new entrants at the start, and the end of the 2004/05 academic year, prior to the
introduction of the new materials on risk concepts. There was a small overall
improvement in these scores at the end of the year that was statistically significant.
When these end-of-year scores were compared with students overall end-of-year
examination scores, there was found to be no relationship. This suggests that the
students were receiving little formal tuition in ‘risk education’ (as identified within the
learning outcomes). It also suggests that any improvement in scores between the risk
questionnaire at the start, and end of the year, was due to practice effects, and a
general learning effect.
The questionnaire was also delivered to the new 2005/06 students, who are taking the
revised course containing materials on risk concepts, via the on-line virtual interactive
teaching and learning system. The format of the questions was unaltered. A larger
number of candidates (211) took part due to the enlarged class, which included civil
engineering students as well as mechanical, aerospace and integrated. The overall
average score was virtually unchanged compared to the 2004/05 results.
Risk topics have been successfully embedded in the year 1 modules, ‘Mechanics of
Solids’ and ‘Design’ through formal lectures, a virtual laboratory exercise and keynote
lectures on professional practice. The lectures and lab are complementary with the lab
promoting experiential role-play learning.
There is already good anecdotal evidence from the project leader’s attendance at a
selection of the Ramsgate lab exercises that students are beginning to seriously
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consider risk issues. Their answers to the essay question “why is engineering regarded
as a safety critical profession?” show that engineering students at The University of
Liverpool understand to a significant extent their professional responsibilities for the
safety of the public as recommended by Lord Cullen in his report on the Hatfield rail
accident.
In the process of developing new materials and the involvement of other staff,
possibilities for further integrating risk topics into the first year of the course have
presented themselves. For example the safety talk given by the lab manager.
A final year undergraduate project has been set up to develop the use of the machinery
safety demonstrator unit as a lab exercise.
Two accident investigation/forensic type final year projects involving learning lessons
from real-life accidents are being undertaken this year.
The risk project philosophy of integrating risk concepts within the engineering
disciplines is complementary with the objectives of the CDIO initiative.
The profile of the project has been raised through liaison with the IIG, BSI, IMechE
SRG, SARS and EE2006. A seminar to be held in London at IMechE HQ is being
planned for 2007 through the IMechE Safety and Reliability Group on ‘Risk
Education for Engineers’. A paper has been submitted for presentation at EE2006.
Keynote lectures will be delivered by 4 experts in the field of professional
responsibility, standards, human factors and inherent safety. These lectures will be
developed into a video package for future promotion.
A number of key textbooks and documents have been reviewed and purchased through
a special fund for the University of Liverpool library. This represents a research
resource and source of background reading for students on essential risk topics
throughout their whole course at University.

7. Recommendations
Consider formal training for next (and subsequent years) Ramsgate lab demonstrators
to ensure continuity and competency. Fine-tune technical notes and support materials
in light of experience and feedback from lab demonstrators and students.
Fine-tune 1st semester lecture materials and develop 2nd semester material.
Build on final year lab demonstrator project in conjunction with electrical engineering
department.
Encourage more staff to introduce accident investigation/forensic type final year
projects involving learning lessons from real-life accidents.
27

Promote internally within the department through research forum to allow more staff
to be involved. It will have more impact if promoted as adhering to the CDIO
standard.
Continue to promote externally through IMechE SRG seminar, SARS, IIG, CDIO and
EE2006.
Consider revising the laboratory safety talk at beginning of year one.
Organise keynote lectures and consider the development of a DVD package with
overheads, video clips and handouts.
Consider developing a booklet on risk issues to supplement the first year essential
textbook [9] to be printed with the text as an extra chapter or provided as a separate
publication. This would principally draw upon the content of keynote lectures.
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Appendix A:
Why is Engineering Considered to be a Safety Critical Profession?
Student Answers at beginning of 2005
Because the projects that engineers often carry out are to be used by the public and the
product must be fit for their use safely. If not fatalities could a rise so it is critical that risks
are eliminated and safety ensured.
Peoples lives depend on products that we have been designed. Often if these products fail
then people can be seriously injured or worse. Safety has to be designed into every product
from the very beginning.
because the civil engineering concern to the public safety, and the risk of construction
procedure.
Most of the processes involved in engineering have a degree if risk, some processes can be
very dangerous, the potential for injury or loss of life is high. It is critical that a high standard
of safety is maintained in order to help counter this.
The profession's scope covers products and tasks in which the risk of failure may cause
injury or even death to human beings eg. operating nuclear power plant station, aircraft
construction.
In my opinion engineering is regarded as a safety critical profession because it one of the
professions in the world with more risks associated to. Whenever we think of engineering
work we can easily picture electricity, heights, hummers falling from building, huge forces
and worse of all uncertainty which is the worse of all dangers. As a result, a lot of safety
measures are necessary. Since engineers are exposed to all of that, they'll surely be ranked
among the top ranked at risk. That might have got engineering the slogan of a safety critical
profession
Engineering is regarded as a "safety critical" profession because people may be put at risk if
safety aspects of the design are neglected. Engineers should ensure that the design does
not cause unacceptable risk.
I think engineering is safety critical profession because engineers are responsible for their
design to be safe for all users because ultimately people could get injured die if there design
fails.
Engineers are the makers of this modern world, they make all the sophisticated things which
the rest of the world uses. However if any of these creations malfunctions, it involves a high
risk and loss to life and property, and that is why engineering is a safety critical profession.
Engineers need to be safety critical so that hazards can be avoided in the workplace. This
ensures that all employees and operators of the machines the engineers produce are safe to
use and no accidents can occur.
Ultimately as engineers we design and build products that the general public use in their
everyday lives. Should our product fail, normal innocent people may be injured. Therefore it
is our responsibility to do all that is practical to ensure public safety.
The Engineering profession is more hazardous than many others because it requires the
employees to use heavy machinery and that the public may be at harm if the job is not at the
standard set by institutions.
because engineers design and follow the implementation of the project that is under going
construction. the projects can be building airplanes, constructing and designing buildings and
etc
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Engineering is regarded as a safety critical profession because when things go wrong with
engineering, the disaster is usually much worse than when things go wrong in other
professions.
because everything that is built in engineering effects everything in life to humans
The actions of engineers have direct consequences on others and the environment.
An engineer should take responsible for their design. It's because their design are directly
affecting the society. They should improve the environment of the society. In order to prevent
most of the risks for everyone, high quality design are needed. Safety is the most important
factors which helps developing and improving. Therefore safety critical is needed to be
regarded.
Engineering is a safety critical profession because not only are engineers responsible for
their own safety and the safety of their workmates, they are also responsible for the safety of
the public as failure in a product could be hazardous to health or even cause loss of life.
Because there are many times when safety is an issue and times when serious accidents
can happen if the proper safety precautions are not taken.
I feel that engineering is a safety critical profession as it is an engineer’s job to design
products that will be used by the general public. With is in mind the products will be used in
everyday life and can not pose a threat when being used. So it is the engineer’s job to
assess the risk involved with the product and reduce the chances of accidents happening.
The components and multiple components that we design and are implemented can yield
serious hazards if wrong, ie. multiple serious injuries and/or death.
This is because engineering designs are intended to be used by people who are at risk from
the dangerous components that go into a design such as concrete, metals or even gas.
These components can cause huge damage due to a slight error in design such as cracked
concrete, which could cause a collapse, thus its vital that small errors are prevented.
Engineering science has a big affect on everyday life. It is vital for every engineer to realise
that while making a construction a lot of people would handle with it. Not only the
constructors but also the people who will 'use' this construction.
The profession deals with constructing structures for use by civilians on a daily basis. There
is a high risk of danger because human life will be at risk if anything goes wrong.
As all aspect of engineering contain some level of a risk towards safety, but it is critical as
many engineering services come into contact with the general public.
I think the safety critical is really important to the engineers and the worker who work in it. It
will safe their life. Also it is also protect the people who will use the process in the further
days. Because it is really dangers in the working place for engineer where they work. so that
safety critical is really important.
I think it leaves many people, who engineers do not interact with, whose safety and wellbeing is risked by negligence and laziness. Engineers have to have everything mm perfect,
so that and risk and possible failure is backed up by appropriate safety measures. The
people count on Engineers to deliver
many systems designed and produced by engineers are regularly used by employees of
companies or the general public. because of this if a failure occurs it could lead to the injury
or even the death of one or more people.
Engineering is concerned with structures which are used by people. They must ensure that
these are low risk to avoid the danger of injury. Since nearly everything we use in society is
connected with engineering and their safety is vital the engineering profession must do it's
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utmost to help reduce hazards and risks. This is why it is regarded as a safety critical
profession.
I think that engineering is a safety critical profession, because, the objects that are
designed and built by engineers are used in every day life, so if the items had not been
designed with safety in mind then lots of accidents would occur, for example if a building had
been designed and built badly then there could be a catastrophic accident. It can also be
called a safety critical profession because the engineers themselves are at constant risk, for
example when on a building site there are lots of potential hazards around them all the time.
Engineering is a safety critical profession due to the consequences of safety not being critical
in the design and implementation of projects. These can be seen in the disasters of the Piper
Alpha incident or the NASA space shuttle failures. Ultimately engineering as a profession
where public and employee safety can be seriously jeopardised therefore, this is why it
should be a "safety critical" profession.
Engineering is regarded as a safety critical profession because of the high number of people
that can be killed if something goes wrong. a small design fault can be the cause of hundreds
of deaths!
Engineers are involved in the design of tangible objects/structures. If the design is
implemented, its likely to be used by people. If the design is flawed it will most likely lead to a
flawed object/structure. This in turn increases the risk of using the object, perhaps making it
dangerous for users. E.g. if an engineer designs a bridge but is careless and haphazard
throughout the design process, the completed bridge will likely to be dangerous. This will
present a unacceptably high risk to users of the bridge. The bridge could collapse resulting in
catastrophe, and possibly deaths. It's in this sense,(i.e. engineers' designs are used by
people in the real world, and if proper safety standards aren't followed, it would be
dangerous), that their profession is 'safety critical'.
During the projects, the most important thing is the safety. This safety is about the engineers.
There is another safety we have to be careful, the safety of the projects. Do not care about
the safety of processing, it maybe damage engineers. Do not care about the safety of
projects, people who use that maybe damaged by those projects. So we have to measure
these 2 kinds of safety before the project, and engineers have to pay attention to these
problems. Make sure the project goes right and helpful.
BECAUSE IF THERE IS A PROBLEM WITH THE DESIGN OF THE PRODUCT OR THE
QUALITY OF OUTPUT IS VERY POOR, THERE MIGHT BE AN ACCIDENT.
There are many hazards that are found in the industry of engineering. This is due to the
regular use of heavy machinery that has a potential risk of failure and can put health at risk.
The building of structures is also a safety hazard in itself as there areas of high risk involved
in the construction. As engineering involves a lot of innovative design and creations the risk
is greatly increased as the new ideas have not been tried and tested in the past, meaning
new safety measures have not been fully put in place.
I think that engineering is regarded as a "safety critical" profession because, engineers can
be held directly responsible for other people’s lives'. Therefore when
making decisions, implementing new technology or constructing new
infrastructure, engineers must think with public safety in mind at all times
Equipment/components/products that are designed, produced and made are used regularly
in everyday life such as technology, buildings and aircraft etc...It effects a lot of people
whether thay are the engineers themselves or everyday people, which means the safety of
the equipment needs to be of a high quality standard to reduce accident and injury. This
means that the engineering of the products need to be made to strict safety regulations
which causes engineering to be regarded as a 'safety critical'' profession.
Because engineering is concerned the machinery using that requiring skilled person who has
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the particularly knowledge to control, the risks those might affect public safety. It's
serious harmful to others health and safety. As an engineer, we must aware and consider the
risks during the work.
Because in the production and use of the products people’s lives are at stake, especially as
the machines used can be extremely dangerous without proper training and without extreme
care taken when calculating the strength of the structure.
Engineers have to take much more time or pay much more effort to finish their work if
following the rule of health and safety.
Engineers design/manufacture products that will affect a potentially large number of people,
of varying skills and ability.
As an engineer safety is the most important aspect of the job, without safety then there would
be no regard for the development of the project and the consequences it may have if the
safety of the project is not considered. If a project goes ahead without any regard for safety
then when the particular project is finished and tested these flaws in safety may come out
and have to be altered to the cost of the manufactures and others involved in the
implementing of the project. This is time consuming and could potentially be very costly. If
the project is made available for public use and there is a injury caused by loaf safety then
the people responsible will have proceedings against them. As an engineer people expect
there to be a certain level a standard that the products (projects) conform to. As engineers
develop projects for public use these projects need to be safe and will not cause damage to
others or anything in general. This is the main reason engineering is a ‘safety critical
profession’.
There are many reasons for this. Firstly there is a lot of decision making made by people
which sometimes are not always the right the decision. There is a greater use of machinery
than other professions. Particularly dangerous and large machinery. A lot of engineers work
is done in hostile or dangerous locations increasing the risk factors. The decisions and level
of safety affects not only the employees but could affect the public too.
An Engineers lack of safety consideration can lead to catastrophic consequences including
loss of life and they will be legally responsible.
because you have the probability of wound but also effect your health with all the instruments
and chemical materials that required in your job.
Safety is one of the most important but overlooked aspect of any engineering profession. We
must constantly be assessing risks throughout a products conception, design,
implementation and everyday operation and doing everything in our power to eliminate them.
Engineering is regarded as safety critical because everything of importance in this world has
had an engineer involved and if anything fails, negative consequences would occur and
eventually be brought back on the engineer.
Engineering is regarded as a "safety critical" profession for the following reasons:
x Engineering often uses materials and machinery that are potentially hazardous in
every day procedures. This means that there is greater risk of accidents and therefore
this requires a higher standard of safety.
x The engineering product will be used by large numbers of people and therefore the
product that is to be created will require a high quality of design and construction in
order to be safe for the user.
Considering these two facts meaning that because of higher risk in design, construction and
the potential risk to the final consumer means that safety is indeed critical.
Because all engineer designed products must be safe both in production and their life in
service That is to say that they must be produced in a low risk manner and during the use of
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the product, the consumer/user must be able to use the product without the risk of injury.
Because engineering needs accuracy and safety. Any mistakes in engineering can lead to a
terrible consequence. Such as in civil engineering, when building a bridge, all the aspects
have to be examined carefully
As there are many dangers, risks and allot of potential for disasters in all of the different
aspects of engineering. As an engineer all of these possible dangers must be identified
before even considering putting products into manufacture, so that dangerous problems can
be neutralised and sufficient safety precautions can be identified and carried out to high
levels to stop these dangers from happening.
All products of engineers, whether they are buildings, machines or circuits, will be used by
humans, and have the potential to harm human beings if the appropriate safety measures
are not in place. Buildings especially require appropriate earthquake-proof, fire safety and
now, anti-terrorist measures. The designs of engineers must consider every possibility of
danger, which can limit the design options to engineers, but will ensure as much as possible
that no harm will come to those in direct contact with the 'product'. If a building falls down, a
machine malfunctions, or an aeroplane crashes for a reason that is due to design fault, it is
the engineer who has made the mistake of not considering every risk and hazard, and
therefore, engineering is a "safety critical" profession as safety is a, if not the, main priority
when projects are in the design stage.
Engineering is a highly dangerous profession because of the unsafe environment in which
they work, environments such as building sites which are underdevelopment and constant
change can cause problems. Engineering, unlike most professions is a "hand on" job, not
only confined to the office, but spread throughout many work places such as factories,
construction sites, and resource extraction such as mining or pioneering for oil, the diversity
of the work environment give rise to a continuous change of risks, which in turn makes
engineering a safety critical profession.
one mistake of an engineer maybe kill or injure lot of people so engineers must be very
careful to their designs or constructions
Engineers have a responsibility to ensure that anything they create does not cause
unreasonable harm. They have to think about who will come into contact with their designs.
They have a responsibility for many people. If safety is not considered, people could be hurt
or killed. Engineers do not want to be responsible for death and harm.
due to often processing the high risk works
Because if the product you have engineered is not safe it is likely people will get harmed.
Also, as engineers are often working in dangerous environments it is vital that they do all
they reasonably can to reduce risk in their workplace.
Yes because engineers create and develop utilities that we use in order to makes our life
easier. Therefore an engineer must be perfectly sure that a product is as safe as can be.
Engineers are designing products that other people uses, so they are responsible for
people’s lives, I think they should do everything possible to avoid people suffering from
human errors. That is what I think engineering all about, to make things moving without
causing harm to other users.
as engineers design items for use by everyday people and if they are not safe then people
will not use them thus making engineers obsolete
Because it is very important that the products engineers create are safe, not only for the
public and/or people using the products, but also for the workforce creating them. People rely
heavily on engineers to provide safe environments and reduce harm.
When you are an engineer you have great responsibilities of keeping human life away from
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danger. Possible hazards must be taken under consideration and also risks must be
measured. An engineer has the obligation to inform and protect people from dangers and
possible risks they take.
Due to the use of different types of machinery and tools used in engineering, the engineers
themselves face a lot of danger, so safety is a critical factor. Also, because engineers design
and build things, which will be used by others, safety is critical to ensure no one else is
harmed.
During the production of an engineering project there are many potential hazards & risks
involved, many more so than other professions. The consequences involved after completion
relate directly to public safety. Therefore the safety is critical to both the engineers & workers
involved, & the public use afterwards.
This is because in everything an engineer does they have to take into account every
possibility of danger. They have to look for all possible hazards and do risk assessments on
the hazards to make sure everything is as safe as possible ruling out any possibility of
danger.
Engineering is regarded as safety critical because most of the things an engineer designs,
builds or fixes can cause serious hazard if the malfunction/fail. The engineer has the
responsibility for safety when doing a job to protect others.
Engineering is regarded as a safety critical profession because the safety of a design is
critical. If for example, an aeroplane or building fails the consequences are great. Safety is
the most important aspect to consider when designing, you need to assess for all possible
events and design for these. In the engineering profession any error with cause a major
problem that is why it is said to be safety critical.
Because engineering is involved in very modern and high tech jobs which need new safety
legislations precautions. Also because there is also a lot of detailed policy that needs to be
adhered to in industry.
there are risks in every type of engineering because dangerous materials and equipments
are uses in the process of an engineering project. the tighter companies are on health and
safety the safer the work place will be therefore there will be more successful engineering
project due to the loss of risk.
because engineers should design project or producers . If not safe that might cause
problems or disasters.
In engineering generally the work that is undertaken is of a nature that means that if work is
completed to a standard that is not safe then it will affect many. There may be a fault that is
small, but it can lead to a major failure and in engineering the final product is often used by
many eg roads, building structures. So the safety has to be of a high nature otherwise it will
cause great risk to others. Also due to the often massive scale of engineering projects if
accidents do happen then they will be of a large size, so it has to be safety critical.
Because a mistake from an engineer it can cause the life from a lot of people.
Because engineering has professional knowledge
Engineers can be designing on a grand scale, Catastrophic disasters are definitely not
wanted. Injuries can always be prevented, and most danger eliminated by taking
precautions. It is unethical to design an unsafe system, and the consequences could reap
havoc both on a professional and a personal level.

34

© The University of Liverpool, no part to be reproduced without consent of authors

Appendix B: Summary sheets of new first semester lectures
Overview of the 1st semester course on stress analysis
The course
•
•
•
•
•

5 lectures: Mon 2-4pm
Risk awareness questionnaire
E-tutorials (same week as lecture): Wed 9-10am
Accident investigation practical (per lab schedule)
Self-study using text book and on-line learning centre

Lectures covering
•
•
•
•
•

Basic concepts and principles
Application to analysis and design of structures
Problem solving
Safety (risk) issues
Case studies of engineering disasters

Topics
•
•
•
•
•

Week 2: Overview, Film: ‘Major Malfunction’
Week 4: Concept of stress and safety (Beer ch. 1)
Week 6: Axial deformation, Hyatt case study (Beer ch. 2)
Week 9: Bending, Ramsgate case study (Beer ch. 4)
Week 11: Beam analysis, Ramsgate case study (Beer ch. 5)

Textbook and free online resources
•
•
•
•

Mechanics of Materials (3rd ed. in SI units) by Beer, Johnston & DeWolf, McGraw-Hill,
2004
Online learning centre @ www.mhhe.com/beerjohnston
Username: student
Password: mom4e

Bibliography
•
•
•
•
•
•
•

How did that happen? Engineering safety and reliability. Wong. (658.382.W87)
Safety by design: an engineer's responsibility for safety. Hazards Forum.
(658.382.H39)
Management of health and safety at work. HSE. (658.382.G78)
The supply of machinery (safety) regulations 1992. HSE. (658.382.G78)
Health and safety in brief. Ridley. (658.382.R54)
Good practice and pitfalls in risk assessment. HSE.
Guidelines on risk issues. Engineering Council.

Useful websites
•

Health and Safety Executive

•

Health and Safety Laboratory

–
–

http://www.hse.gov.uk
http://www.hsl.gov.uk
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•

Engineering council UK
–

http://www.engc.org.uk

•

The safety and reliability society

•

ASME Safety engineering and risk analysis division (SERAD)

•

Royal society for the prevention of accidents

•

Hazards Forum

•

British safety council

•
•

http://www.vts.rdn.ac.uk/tutorial/healthandsafety
http://www.liv.ac.uk/safety/pdfs

–
–
–
–
–

http://www.sars.org.uk/
http://www.asme.org/divisions/serad
http://www.rospa.co.uk
http://www.hazardsforum.co.uk
http://www.britishsafetycouncil.co.uk

Case studies
•
•
•
•

Challenger space shuttle explosion
Hyatt Regency hotel walkway collapse
Piper Alpha north sea oil platform fire
Port Ramsgate walkway collapse

Accident investigation practical
•

Reconstruction of Port Ramsgate passenger walkway collapse investigation
ƒ

•

Technical investigation (1st semester)
Criminal prosecution (2nd semester)

ƒ
As a member of the accident investigation team, you will build up a file of evidence
and data to be used in the criminal prosecution of those parties responsible for the
accident

Engineers and safety
•

Engineering activities have accompanying risks
ƒ
ƒ

•
•

Technical risks
Financial risks
Health & Safety risks

ƒ
As engineering practitioners, we have a responsibility for the safety of others
Engineers have a professional obligation to control these risks to within acceptable
levels

Challenger synopsis
•
•
•

On January 28, 1986, seven astronauts died when the space shuttle Challenger
exploded just over a minute into the flight
Failure of the solid rocket booster O-rings to seat properly allowed hot combustion
gases to leak from the side of the booster and burn through the external fuel tank
Failure of the O-ring was attributed to several factors, including
ƒ
ƒ

ƒ

Faulty design of the solid rocket boosters
Insufficient low-temperature testing of the O-ring material and the joints that the O-ring
sealed
Lack of proper communication between different levels of NASA management
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Overview of the lecture on concepts of stress and safety
Objective
•

Both the analysis and design of a given structure involve
ƒ

ƒ

Determination of stresses and deformations
Consideration of safety related issues

Load transmission
•

The transmission of load through a structure can be complex but in any particular
case
ƒ
ƒ

The applied load can usually be classified into 4 types: axial, shear, bending, torsion
The individual members of the structure can be examined as to their ability to carry the
share of the loads

Stress analysis
•
•
•
•

Determining the loads represents a first and necessary step in the analysis of the
given structure but it does not tell us whether the given load can be safely supported
Forces give rise to stresses in the members of a structure. The next step is to
determine these stresses
The average force per unit area, or intensity of the forces distributed over a given
section, is called the stress on that section and is denoted by the Greek letter sigma.
The units of stress are N/m2 (Pa)
P
V
A

Modes of failure
•

For safe design, a knowledge of the possible modes of failure is also necessary, e.g.
failure of the structure could occur due to
ƒ
ƒ
ƒ
ƒ

ƒ

Tensile fracture due to excessive load
Buckling of the member due to compressive loads
Excessive deformation of the structure or any of its members
Fatigue failure due to repeated loading. (Such a failure could occur at a weld or other
stress raising feature)
Fast fracture i.e. fast propagation of a crack from a flaw in the structure

Factor of safety (FoS)
•
•
•

•

Knowledge of stresses is used by engineers to design safe structures
An engineer also needs to know the ultimate strength for a given material. This is
usually determined by laboratory testing
The ultimate load that a structural member will be allowed to carry under normal
conditions is considerably less than the ultimate load. This smaller load is sometimes
referred to as the design load or allowable load. Only a fraction of the structure’s
ultimate-load carrying capacity is utilized
The ratio of the ultimate load to the allowable load is used to define the factor of
safety

Considerations for FoS
•
•
•
•

Variations in the properties of structural members and materials
Frequency of loading
Type of loading
Type of failure
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•
•
•
•

Uncertainties in the analysis
Environmental factors and maintenance
Redundancy
Risk considerations

Risk considerations
•
•

Safety in engineering is now becoming much more of an issue in the 21st century’s
health and safety agenda
Consequently, engineers must develop an appropriate awareness of their future
safety-related responsibilities

Hazard and hazardous situation
•

A potential source of harm
ƒ
ƒ
ƒ

•
•

Mechanical hazard
Electrical hazard
Cutting hazard
Explosion hazard

ƒ
A situation that could occur that has the potential for injury, damage or economic loss
Exposure can eventually result in harm unless appropriate action is taken

Consideration of hazards in design
•
•
•

Gas turbines produce noise, heat radiation and exhaust gas emissions that are
potentially a danger to health
Fuel is flammable and there are hot surfaces and moving parts
Special design features are needed therefore to reduce the risk of someone being
harmed e.g. silencing, guards, ventilation systems, fire and gas detection

Risk
•

Likelihood of the occurrence of harm + severity of that harm = Risk

Instinctive risk assessment
•
•
•
•

We identify a hazard
We judge how badly we could be injured
We assess how likely we are to be injured
We take action accordingly

Safety
•
•

Although in theory all accidents are preventable, in reality there is no such thing as
‘absolute safety’
Safety is about ensuring that levels of risk are tolerable and that steps continue to be
taken to reduce them until they are broadly acceptable
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Overview of the lecture on deformation due to axial loading
Objective
•
•

Suitability of a structure or machine may depend on the deformations in the structure
as well as the stresses induced under loading
Considering structures as deformable allows determination of member forces and
reactions which are statically indeterminate

Normal strain
•
•
•

The deformation per unit length is called strain and is denoted by the Greek letter H
(epsilon)
Tensile strains are positive and compressive strains are negative as is the case for
stress
Strain is dimensionless and is quoted in one of three ways
ƒ
ƒ

ƒ

H

Directly as m/m e.g. 0.001 m/m
As micro-strain e.g. 1000 micro-strain = 1000 × 10-6 (or 1000 P) = 0.001 as above
As percent strain e.g. 0.1% = 0.1/100 = 0.001 = 1000 P

change in length
original length

G
L

Transverse strain
•
•

In engineering materials, the elongation produced by an axial tensile load P in the
direction of the load is accompanied by a contraction in the transverse direction
The ratio of lateral to axial strain is called Poisson’s ratio denoted by the Greek letter
Q (nu) and is a property of a given material

Q



lateral strain
axial strain

Stress-strain diagram
•
•

•
•

The constant of proportionality is called the Modulus of Elasticity denoted by E
Load and change in length increase linearly to point ‘a’. This point is called the
proportional limit, which is the greatest stress VY that can be induced in a material
without causing deviation from the law of proportionality (Hooke’s law)
The stress VU corresponding to the maximum load in a tensile test, point ‘b’ on the
diagram, is known as the ultimate tensile strength
The stress VB corresponding to rupture, point ‘c’ on the diagram, is called the
breaking strength

E

b

V
H

c
a

G

PL
AE
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Problem solving
•

In summary, the solution of problems reduces to solving 3 basic equations:
ƒ
ƒ
ƒ

•

Equilibrium: An equation representing the balance of forces, moments, torques, etc
Compatibility: An equation representing the compatibility of strains, displacements,
rotations, etc
Stress-strain relationship: An equation representing the stress/strain relationship for the
material

Once these three equations have been established for a given problem, the solution
is often straightforward

Statically indeterminate problems
•
•
•

Structures for which internal forces and reactions cannot be determined from statics
alone are said to be statically indeterminate
A structure will be statically indeterminate whenever it is held by more supports than
are required to maintain its equilibrium
The solution of these types of problems is arrived at from a consideration of
equilibrium, compatibility and the stress-strain relationship

Case study – Hyatt Regency walkway collapse
•
•
•

Hotel opened in Kansas City July 1980 after 4 years of construction during which
there were some design problems and a roof collapse
Centre-piece was a large atrium and three suspended walkways connecting different
parts of the hotel
On July 18, 1981 two of the walkways collapsed resulting in 114 deaths and injuring
over 200 others

Designed to fail
•

•
•
•
•

With double the original design load on the 4th floor rod connection, the box beam
split and the hanger rod pulled through resulting in the collapse of the 4th and 2nd
floor walkways
The original design is analogous to ‘two persons hanging onto a rope’
The actual design is analogous to ‘one person hanging from the first person’s legs’
‘The first person’s grip’ is comparable to the 4th floor hanger rod connection
The failure of this ‘grip’ caused the walkways to collapse

Technical issues
•
•
•
•
•

Neither the original nor the as-built design complied with the Kansas City building
code of practice
Lack of redundancy in the design
The original design was impractical to construct
The holes for the hanger rods were drilled through the weakest part of the box beam
There was no risk assessment!!

Conclusions
•
•
•

An engineer’s responsibility for safety ranges from design through to construction and
inspection
Complacency in engineering practice is a human failure that can lead to tragic
consequences
The disaster could have been prevented through correct procedures and risk
assessment
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Overview of the lecture on bending
This summary sheet gives an overview of the lecture on stresses and deformation due to
pure bending in the module Mech102/Cive100.
Objective
•
•

Bending is a primary concept in the design of many structural components such as
beams
It is assumed that the structural members have a plane of symmetry and that the
loading acts in that plane

Bending moment due to transverse loading
•
•
•

•

The product of the force P and length x is termed the bending moment (symbol M)
Units of M are Nm (i.e. force u length)
L
It follows that the magnitude of the moment M in the
beam increases linearly from zero at B to a maximum at
A (M = P u L)
A
The strength of this cantilever beam depends on
C
–
–
–

–

P

B

x

The magnitude of the load P
The length of the beam L
The cross-section of the beam
The strength of the material

P

M
Q

Bending moment in the section
•
•

The internal forces in any cross-section of a symmetric member in pure bending are
equivalent to a couple M
The moment of the couple is referred to as the bending moment in the section

Bending formula

Stress (N/m2)

Bending
moment (Nm)

M
I
2nd moment of
area (m4)

V
h

E
R

Elastic modulus
(N/m2)
Radius of
curvature (m)

Distance from
neutral axis (m)

Practical applications of the bending formula
•

The stress for known bending moment and section details can be determined
Mh
V
I

•

The section details for known bending moment and required strength can be
designed
I M
h V
D

B

A

C

100%

53% of D

40% of D

33% of D

Influence of cross-section dimensions
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•

For same loading (pure bending about neutral axis), material properties, and crosssectional area, section D is the strongest

Case study – Walkway collapse at Ramsgate harbour
•
•
•
•
•

•
•

On 14 September 1994, part of the passenger walkway at No. 3 Berth, Port
Ramsgate, collapsed
One end of the walkway fell 10 m, causing the death of 6 passengers and severe
multiple injuries to seven others
Immediate physical cause of the collapse was failure of a welded component at one
of the walkway support points
Subsequent investigation showed that the design was not fit for purpose
Underlying the mechanical causes of the collapse was ineffective project
management and failure to comply with standards set out in commonly used codes of
practice
As a result of the investigation, the major parties involved were prosecuted by the
HSE and convicted under the HSW Act 1974
Fines and costs amounting to £2.4 M were imposed

Berth upgrade
•
•
•

The walkway was part of a berth facility which served vehicle and passenger ferry
ships
The berth had recently been upgraded by the provision of an upper vehicle deck and
a separate passenger walkway, brought into use 4 months before the incident
The main parties involved in the upgrade project were
–
–
–
–

Port Ramsgate Ltd, Operator
Fartygsentreprenader AB, Contractor
Fartygskonstructioner AB, Designer
Lloyd’s Register of Shipping, Classification Society

HSL accident investigation
•
•
•
•
•

Recovery and safe storage of incident material
Immediate site visit and initial assessment
Visual examination and photographic recording
Detailed metallurgical examination
Design assessment

Metallurgical examination
•
•
•
•
•
•

Visual examination
Non-destructive testing
Metallography
Hardness testing
Chemical analysis
Scanning electron microscopy
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Overview of the lecture on beams
This summary sheet gives an overview of the lecture on analysis and design of beams in the
module Mech102/Cive100.
Objective
•
•
•

Beams are usually long structural members supporting loads applied at various points
along the member
Steel and aluminium beams play an important part in civil, mechanical and aerospace
engineering. Timber beams are widely used in home construction
Loads are applied perpendicular to the axis of the beam causing bending and shear
stresses in the beam

Types of loads and resulting stresses
•

•
•

Applied loads (distributed and point) result in internal forces consisting of a shear
force (from the shear stress distribution) and a bending moment (from the normal
stress distribution)
Bending stress is usually the critical design criteria
This requires the location and magnitude of the maximum bending moment

Equilibrium of beams
•
•

The sum of all the vertical forces on the beam including support reactions equates to
zero
The sum of all the bending moments including support reactions about any point on
the beam equates to zero

Shear force and bending moment at a section
•
•

The shear force at a section is the sum of all vertical forces including support
reactions to one side of the section
The moment at a section along the beam is the sum of all bending moments including
support reactions to one side of the section

Shear force and bending moment diagrams
•
•

The shear force diagram is a plot of shear force distribution along the length of the
beam
The bending moment diagram is a plot of bending moment distribution along the
length of beam

Relationship between distributed load (w), shear force (V) and bending moment (M)
•
•
•
•
•

The slope of the shear force diagram = - w
The slope of the bending moment diagram = shear force V
The shear force diagram will have vertical jumps at point loads
The slope of the bending moment diagram will change abruptly at point loads
The point at which the shear force diagram passes through zero represents a turning
point (zero slope) on the bending moment diagram
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Ramsgate case study – load analysis
•

Static loading
–
–
–

•

Dynamic loading
–
–

•

Deadweight of structure
Passengers
Wind
Heavy berthing
Vehicle movement

Fatigue (cyclic) loading
–

Pontoon degree-of-freedom

Stub-axle misalignment and moment arm
•
•

As the walkway was torsionally stiff, at times it would be supported on just ONE foot
at each end, NOT two
Stub axle and support surface misalignment had the effect of increasing the moment
arm and hence the maximum bending stress

Bending stress calculations
•

•

Based on reasoned assumptions, the stresses in the stub axle welds due to bending
for both static and fatigue load design cases were greatly in excess of the allowable
design stresses
The design review concurred with the metallurgical findings

Conclusions
•
•
•
•

The immediate cause of the collapse was the fatigue cracking and then overload
failure of the seaward right stub axle welds
The design of the welds and the quality of welding were both poor and inadequate for
the application
The overall design of the walkway support arrangements was totally inadequate.
Even without the fabrication faults, collapse was inevitable
Ineffective project management and failure of any of the parties to carry out a risk
assessment for the project allowed safety-critical design errors to be made

Lessons learned
•
•
•
•

The designer and the fabricator made a series of gross errors in carrying out their
work for which there were adequate standards and guidance
Failure of the walkway could have been avoided if the operators, Port Ramsgate, had
responded to defects which became apparent during operation
The incident demonstrated the need for effective project management
Risk assessment should be a standard technique used at initial design stage and any
design review
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Appendix C: Selected slides from Mechanics of Solids lectures

concepts …

What is stress? Is it the
same in every bit of a
structure?

analysis and design …
Can this structure
safely support a
load of 30 kN?
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Could this have been avoided ?

and this …
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Challenger film – questions to
think about
1. What professional responsibilities were neglected, if
any?
2. What should NASA management have done differently in
their launch decision procedure?
3. What should Roger Boisjoly have done differently (if
anything)? In answering this question, keep in mind that
at his age, the prospect of finding a new job if he was
fired was slim. He also had a family to support.
4. What do you see as your future engineering professional
responsibilities in relation to both company loyalty and
public safety?

“To avoid disaster it is
important to consider
the consequences of
failure.”
(Wong. ‘How did that happen?’ 2002.)
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Accident investigation …
Stage 1

passenger
ramp building

Stage 2

vehicle ramp

walkway
section that
collapsed
fixed
section of
walkway

upper vehicle
bridge

pontoon

lower vehicle
bridge

ferry

Stage 5
Stage 3

25 mm

Stage 4

Unacceptable

Alarp

Acceptable

115 mm

15 mm

Increasing risk

Tolerable

235 mm

250 mm square

Safe design
• In summary, for any given structure we
must consider
To determine
internal stresses
and deformations
in the various
members

STRESS
ANALYSIS
Or, from agreed
acceptable stress
levels, determine
suitable
dimensions

LOAD
ANALYSIS

To determine reaction and
member forces. This is
often most difficult part

SAFE
DESIGN

FAILURE
ANALYSIS

RISK
ASSESSMENT
?
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To determine, from
known material
properties, critical failure
mode and life
expectancy

55 mm dia
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What can go wrong?
(Hazard identification)

How severe? (Risk estimation)

How severe?

So what? (Risk evaluation)

49

© The University of Liverpool, no part to be reproduced without consent of authors

What now? (Risk reduction)

What can go wrong?

Risk
Likelihood
of the
occurrence
of harm

+

Severity
of that
harm
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=

Risk
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How safe is rock climbing?
• What’s the hazard?
– Falling?
– The ground 100 m below

• What could go wrong?
– Slip
– Equipment fails

• So what?
– You have backup!
– Redundancy

Problem solving
• In summary, the solution of problems
reduces to solving 3 basic equations:
An equation
representing the
compatibility of
strains,
displacements,
rotations, etc

EQUILIBRIUM

COMPATIBILITY

SOLUTION
Once these three
equations have
been established
for a given
problem, the
solution is often
straightforward
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An equation representing the
balance of forces, moments,
torques, etc

STRESS/STRAIN
An equation
representing the
stress/strain relationship
for the material
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Case study – Hyatt Regency
walkway collapse
• Hotel opened in Kansas City July 1980
after 4 years of construction during which
there were some design problems and a
roof collapse
• Centre-piece was a large atrium and
three suspended walkways connecting
different parts of the hotel
• On July 18, 1981 at a dance competition
2000 people were gathered in the hotel’s
atrium when two of the walkways
collapsed resulting in 114 deaths and
injuring over 200 others
• It was the worst structural failure of its
kind in US history

Original design
413 MPa design strength
P

P

P

Single hanger rod
connected through
welded box beam
4th floor
with supporting
washer and nut

P
2nd floor

 32 mm

Basic walkway
design
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P in rod

Deck adds ½ P
½ P at nut
½ P from lower
deck

Each connection
was designed to
support 90 kN
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Actual design
248 MPa design strength
P

P

P

½ P at nut

Double hanger rod
connected through
welded box beam
4th floor
with supporting
washer and nut

P

P in rod

Deck adds P
P at nut
½ P from lower
deck

 32 mm
2nd

Nut under 4th floor
beam now supported
weight of 2 floors
equivalent of 181 kN

floor

Basic walkway
design

Collapse
• With double the original design load
on the 4th floor rod connection, the
box beam split and the hanger rod
pulled through resulting in the
collapse of the 4th and 2nd floor
walkways
• The original design is analogous to
‘two persons hanging onto a rope’
• The actual design is analogous to
‘the second person hanging from
the first person’s legs’
• ‘The first person’s grip’ is
comparable to the 4th floor hanger
rod connection
• The failure of this ‘grip’ caused the
walkways to collapse
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Ethical issues
• The structural engineer claimed to have
checked the detail when in reality there was
no evidence
• There were several opportunities to correct
the error
• The risks involved were not assessed at any
stage in the project
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Appendix D:

Extracts from worksheets for the port Ramsgate
accident investigation lab

D.1 Icebreaker exercise
Warming up:

Routine Tasks Have Some Risk*

*Note: No beavers were harmed in
making this chart (from Risk management
- what we have learned, NASA, USA)

Beaver: an animal with smooth fur, sharp
teeth and a large flat tail, which can cut down
trees and lives in a dam in groups.

Q1: What are the causes of the beaver’s accident?
A:

Q2: What kinds of precautions could prevent the beaver from being hurt?
A:
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Q3: What do you think is the chance of being hit by a car? Are you worried by the
statistics? Do you consciously assess the risk of being involved in an accident
when for example you cross the road?
A:

Q4: Which situation concerns you most: being injured when driving a car or being
involved in an air accident. Explain why?
A:

Q5: Given these statistics:
1.6 fatal accidents per 100 million miles of air travel,
1.7 deaths per 100 million miles of driving a car
Do they influence your answer to Q4? If so how, if not why not?
A:
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D.2 Example of incomplete mind map to help students get started taken from stage 1of the lab - the accident investigation
Work in a clockwise direction. You may want to record ideas on this mind map from time to time during the whole laboratory. (5%)
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D.3 Example of work sheet completed by students taken from stage 2 of lab
Design evaluation
Data recording:
1. Review the sketch produced by the previous lab group. Consider the parts that failed.
Make sure you are clear how the walkway was installed and how it worked.
2. Design considerations
2.1 Movements
2.1.1 Using sketches analyse the degrees of freedom of the walkway with reference
to the pontoon (10%)

2.1.2 Examining the walkway articulation system, does it meet the requirement for
movement of the pontoon? Explain your answer. What parts or components
used to accommodate the movements? (20%)

2.2 Describe the loading that was on the parts that failed
2.2.1 Sources of load and their type, can these loads be given a specific value: (5%)
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2.2.2 Show the loads on the walkway and each support foot (please provide sketch
for illustration) (5%)

2.2.3 Show the loads on the pintle foot (use the sketch provided) (5%)

2.3 What materials were used and how were the components put together? (10%)

2.4 Design against failure
2.4.1 List possible failure modes specific to the walkway design (10%)

2.4.2 Any special environmental considerations (5%)

2.4.3 What maintenance is needed? (5%)

2.4.4 What are the critical parts? What kind of measures could you would take to
prevent the accident if the critical component fails (5%)
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D.3

Example of work sheet completed by students taken from stage 3 of lab
Risk assessment

1. What do you think are the main hazards (dangers) to pedestrians associated with
the original design of Berth 3 at Port Ramsgate? Consider how and by what they
might be harmed. (5%)

2. In your opinion, what were the commercial and safety reasons for Port Ramsgate
modifying berth 3 to include a double deck linkspan and separate passenger
walkway in 1994? Refer to the historical and statistical information in the black
folder. (10%)

3. Do a risk assessment on the new design of berth 3 by completing the table. (20%)
List of Significant Hazards

Who might be harmed andhow

4. Taking into account both consequences (level of possible harm) and likelihood of
harm.
4.1 Which risks have been reduced by the new design? (5%)

4.2 Which risks could have been increased by the new design? (5%)
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5. In your opinion what measures or precautions need to be taken to ensure that the
risks associated with the new berth 3 are adequately controlled:
5.1 By FEAB and FKAB? (15%)

5.2 By Port Ramsgate? (15%)

5.3 What role does Lloyd’s register play? (15%)

6. In light of the findings of your risk assessment briefly discuss the assessment of
the walkway design made by the lab group during stage 2: (10%)
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Appendix E: Extracts from folder of information provided to students
during Ramsgate lab
MARITIME RAMSGATE
Ramsgate did not have a natural harbour but had been a port for several hundred
years. Construction of a stone-built harbour of refuge began in about 1750. This
was built out from a small bay and named the Royal Harbour, as the town developed
into a prosperous trading and then a holiday location. Following this early
development, layout of the port remained essentially the same until the late 1970s,
comprising an inner non-tidal harbour approached through lock gates, and an outer
harbour that provided quayside moorings for trading and fishing vessels. Ferry
operations began about 1850 with a short-lived, twice-daily service to Ostend. In
1965 hovercraft crossings to Calais started from a pad constructed within the outer
harbour. The introduction of larger hovercraft led to this operation being moved to a
new site several miles along the coast. Two berths were installed within the outer
harbour for ferry traffic – mainly the importation of cars. There was no scope for
expansion and both shipping and dockside traffic problems resulted.
During the 1970s, the local authority developed proposals for a sea defence project
to halt erosion of cliffs to the west of the Royal Harbour. Following the initial
breakwater scheme, it was suggested this could be combined with a reclamation
project by building the breakwater offshore. The layout and use of this reclaimed
area was upgraded in consultation with the private sector. A ferry company – Sally
Lines Ltd – eventually took an option on the site. The reclaimed area became the
new Port of Ramsgate and was operated by a sister company to Sally Lines Ltd –
Port Ramsgate. Several development phases ensued, each reclaiming more land.
In order to berth a number of ferries on a limited frontage, mooring structures were
built into the sea so that each ferry would berth bow – or stern-on to land.

62

© Crown Copyright, no part to be reproduced without consent of authors

By the late 1980s, over one million passengers each year were passing through the
port on their way to and from the continent. Freight – in the form of lorries and
containers – expanded too. This was all driven on to ferries, giving the name ‘roll-on
roll-off’ (ro-ro) to this activity).
Traditionally, cargo was unloaded by lifting it manually or by crane from the hold of a
ship. This generally meant that the vessel berthed side-on to a quay or transferred
cargo to smaller craft from an anchorage. The development of assault/supply
landing naval vessels and development of trade with areas where a conventional
quayside was not available led to the construction of ships fitted with bow or stern
doors that could lower to form a ramp suitable for vehicle traffic. Many of these ships
could unload directly on to a beach. This involved wheeling rather than lifting the
cargo and could be carried out very quickly, so time in port was minimised.
Ro-ro port facilities developed from both extremes. Where development was based
around existing port facilities, there was a tendency to build ships’ berths that
comprised a large land-based structure with vehicle bridge/s and sometimes a
passenger walkway; all of which would be raised and lowered to match the height of
the tide and the position of the ferry in the water. Port structures including a bridge
linking a ship to the shore became known as ‘linkspan’. Frequently, this type of
structure has a series of flaps fitted to the end of each linkspan bridge. These lower
on to the ferry deck, meaning that the ferry does not need to have its own ramps.
Where development was at a new or untried site, an alternative approach was
available. This design tended to develop the beach landing concept but avoided the
tidal and shallow draught limitations this imposes. Port Ramsgate followed this
option and used a floating pontoon to follow the tide. This was linked to the shore by
a vehicle bridge. The ferry’s ramp lowered on to the pontoon deck and traffic drove
across the pontoon and bridge to the shore. This avoided the need for large lifting
machinery to follow the tide and meant that an operator did not need to adjust the
position of the bridge every few minutes. This type of basic facility is more compact
and tends to cost less than comparable land-based linkspans. It is also easy to
install, requiring minimal civil engineering groundwork (foundations) and can remain
in use through a good range of tidal conditions. In addition, a pontoon-based
linkspan is easily moved to a different location when no longer needed; the bridge is
either lifted or hauled on to the pontoon which is then towed to the new mooring.
During the 1980s, a number of ship berths were built within the new harbour. Piled
structures were built out from the shore for ferries to moor against. Steel structures
called ‘linkspans’ were installed to bridge the gap between the ferry and the shore so
that vehicles and passengers could enter each ferry. During the mid-1980s three
floating, pontoon-based linkspans were installed at Ramsgate. These were singledeck linkspans. The stern of each ferry was held just clear of the pontoon by
mooring lines and a vehicle ramp was lowered on to the pontoon deck from the ferry.
The berths were numbered: 1, 2 and 3.
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RAMSGATE NEW FERRY PORT 
Ferry Terminal, Ramsgate, Kent CT11 8RP
Tel : 01843 587661 Fax : 01843 850593
Email : ramsgatenewport@ukonline.co.uk
Website : www.ramsgatenewport.co.uk
Directions
Ramsgate is situated on the eastern tip of Kent, & is reached by following the M2 from
London & the west onto the A299 & finally the A253.
From the South follow the A256 from Dover.
A new £ 30 million road & tunnel takes traffic direct to the port entrance.
Ramsgate New Port offers excellent facilities, & is ideally positioned for
North Sea & English Channel ferry operators.
The all-weather port offers 24 hour access, & boasts superb links to the UK motorway
network. 
ROUTE & FERRY SERVICES
Transeuropa Shipping Line
Upto 7 Daily crossings to OSTENDE, BELGIUM
- approximate sea crossing time 5 hours
For further info please phone 01843 587661
or visit the Transeuropa website

Operational Facilities
32 acres/132,000 sq. metres of dedicated Land
x
x
x
x
x
x
x



3 modern Ro-Ro bridges capable of
accommodating conventional Ro-Ro fast freight
ferry services
Full passenger and freight vessel facilities capable
of operating and servicing three berths
simultaneously
Modern and effective Port Traffic Management
System in operation
Capacity to handle multi-decked vessels
Capacity to handle stern and quarter ramps
Water and bunker facilities on all berths
All Ro-Ro pontoons and bridges have double width
road ways to permit fast vessel turnarounds
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BERTHINGS:
SHIP
JETFOIL

COMMERICAL
ROAD
HAULAGE
UNITS

440
107

21,272

1,581

43,147

MOTOR CARS

COACHES

290,670

TOTAL
PASSENGERS

296
0

18,033

983

21,292

161,535

144
107

3,239

598

21,855

129,135

FOR : THE MONTH SEPTEMBER 1994
1994
1993 Difference

65

+ 49

+ 17.96

+ 61

+ 103

+ 79.94

%

TRAFFIC STATISTICS

PORT RAMSGATE LIMITED
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4,046
882

195,823

16,765

376,466

2,877,964

2,567
0

158,032

10.951

212,643

1,547,837

1,479
882

37,791

5,814

163,823

1,330,127

THE PERIOD JANUARY – SEPTEMBER 1994
1994
1993 Difference

+ 58

+ 23.91

+ 53.09

+ 77

+ 85.93

%
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During the early 1990s, the port of Ramsgate was a busy cross-channel ferry port
with a variety of services running to Ostend and Dunkirk. Traffic comprised foot
passengers, cars, coaches, lorries and unaccompanied freight containers on trailers.
Some of the services used freight-only dedicated ferries. Others carried a variety of
passengers and freight. All the conventional ferries operating from the port were rollon, roll-off (known as ro-ro ferries) with lorries and cars driving on to a vehicle deck.
Port Ramsgate Ltd had responsibility for port facilities from procurement though
operation and maintenance to liaison with commercial and public users of the
facilities. During the early 1990s – the period of preparation for expansion – Port
Ramsgate employed 100-150 people.
Management structure included a managing director who had an office and staff onsite; a port manager who had day-to-day operational responsibility, and other handson managers who operated the port facilities. A consultant port engineer was also
retained. His job involved liaising with contractors and statutory authorities regarding
development of the port as well as carrying out inspection of structures and devising
maintenance programmes.
In taking over operation of the new harbour facilities in 1980, Port Ramsgate had to
create a management structure that could handle a wide range of development
projects. By the early 1990s it had considerable experience of these. It also had a
wide range of outside specialist contacts from whom to seek advice. The executive
control of commercial and technical issues conferred the opportunity and
responsibility to organise and manage design and procurement of facilities that would
be safe and easy to operate and maintain. As the port operator it had overall
responsibility for the safety of the travelling public using the port facilities.
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TIDAL RANGES
13th Sept 1994 Times in UT(GMT), Height in Metres
MHWS 5.2
MHWN 4.0
MLWN 1.4
MLWS

0.6

TIDAL DATA
Chart Datum is 2.58 Metres Below Ordnance Datum (Newlyn)
Charted Depth in the Inner Marina is 0.74 Metres Above Ordnance Datum
TIDAL DIFFERENCES
DOVER
HIGH WATER LOW WATER MHWS MHWN MLWN
00.00 06.00 01.00 07.00
6.8
5.3
2.1
12.00 18.00 13.00 19.00
BROADSTAIRS
HIGH WATER RAMSGATE + 7 MINUTES (APPROXIMATELY)
MARGATE
HIGH WATER RAMSGATE +45 MINUTES (APPROXIMATELY
RAMSGATE ROYAL HARBOUR

MLWS
0.8

Ramsgate Tide

Direction

rate springs

rate neaps

-6

206

1.2 knots

0.7 knots

-5

207

1.4 knots

0.8 knots

-4

210

1.8knots

1.0knots

-3

210

1.9knots

1.0knots

-2

150

1.1knots

0.7knots

-1

015

1.1knots

0.5knots

High Water

025

2.2 knots

1.2 knots

+1

033

2.2knots

1.2knots

+2

037

1.7knots

1.0knots

+3

050

1.0knots

0.6knots

+4

110

0.3knots

0.2knots

+5

200

0.7 knots

0.4 knots

+6

208

1.3 knots

0.7 knots


Time m

Time m

0137 2.1

1439 1.7

0754 3.9

2038 4.0
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SINGLE-DECK LINKSPANS
There were three linkspans at Ramsgate of similar construction built in the 1980s,
comprising a pontoon 31m long by 22m wide providing a large deck for vehicles to
move across. Each pontoon had a ballast water tank at each corner so that its
position in the water could be adjusted. The pontoon deck was linked to the shore by
a vehicle bridge supported on four feet. One of these was connected to the pontoon
by a vertical pin known as a ‘pintle’; the others were free to slide in runners. Using a
‘single point’ connection meant that the bridge and pontoon could articulate (move)
independently. The vehicle bridge was of open construction – having a base and
sides – and was torsionally flexible, being able to twist to accommodate the roll of the
pontoon.
One side of the pontoon rested against two vertical piles driven into the sea bed and
was held against the piles by chains secured to a fixed mooring structure alongside
the pontoon. The tidal range at Ramsgate can exceed 7m between lowest and
highest height of water and the chains were so fixed as to permit the pontoon to rise
and fall with the tide. Another set of chains connected the pontoon back to the shore.
These chains were attached close to each end of the vehicle bridge. Therefore the
shoreward sliding feet under the vehicle bridge needed to slide only a short distance
to accommodate the change in position. Metal plates were set into the sloping shore
(known as the bankseat) to facilitate sliding.
During the 1980s, Fartygsentreprenader AB (FEAB), a shipbuilding company based
in Uddevalla, Sweden, employing about 100 people, supplied all three of the singledeck pontoon-based linkspans used at Ramsgate. These had been designed so that
an upper deck could be added at a later date. Although the single-deck linkspans
were supplied by FEAB the design work was done by Fartygskonstructioner AB
(FKAB) who specialises in naval architecture (design of ships) and employed about
30-35 people. It shared offices in Uddevalla, Sweden with FEAB. The design work
included specialist computer-aided studies to predict wave heights at the berths and
assess a variety of loading conditions and mooring forces.
The single-deck linkspans at Ramsgate were built under survey and were maintained
in class with Lloyd’s Register of Shipping (LR) by Port Ramsgate. This involved
annual surveys by LR, a classification society established over 200 years ago. About
4000 people are employed by LR worldwide.
In the light of experience, Port Ramsgate made alterations to the single-deck berth to
aid operation and maintenance. Among these were the addition of safety chains to
link the pontoon to the seaward end of the bridge. They were intended to prevent
complete disengagement in the event of a heavy berthing. An inspection and
maintenance schedule was also devised but not formally recorded. This recognised
the importance of inspecting and maintaining the bridge support feet, and in
particular the more heavily designed foot fitted with a vertical pin (pintle) that
connected the low-level bridge to the pontoon. This had bearing shells with wear
indicator marks to show when they needed replacing.
A diagram showing berth 3 as a single-deck linkspan is show in figure 4.
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NEW PASSENGER WALKWAY
Berth 3 was significantly modified in 1994 to incorporate an upper vehicle deck and
passenger walkway. See diagram in figure 1.The walkway was in three connected
sections. The first, from the passenger ramp building at the shore to a portal frame
on a floating pontoon, was designed to articulate about its support points at the portal
frame and slide to adjust to movement of the sea at its shoreward end; a second,
fixed section crossed the portal frame; and a third, lifting section pivoted at the portal
frame making the final link to ferry ship (see Figures 1, 2a and 2b).
The walkway was made of steel and comprised a rigid frame made up of box section
trusses connected by flat bars (see figure 1a). The frame was clad with 6mm thick
plate. Window openings were formed between the frame members on both sides.
The design length of the shore to pontoon section was 33m and the walkway was
2.1m wide and 2.5m high. The design weight was 21 tonnes. This section of the
walkway was secured to the pontoon portal frame at about 10m above the pontoon
deck. Figures 1 and 1a illustrate the layout and structural form of the walkway
section. The ‘passenger ramp building’ connected the walkway to ground level on the
shore.
The shore-to-pontoon section had four support feet. These had been slid on to stub
axles projecting horizontally from each lower corner of the walkway. Each stub axle
had been welded into a collar which itself was welded to the lower corners of the
walkway. The support feet were designed to rotate on the stub axles. All four
support feet had a low-friction pad bolted to their underside. Three of them were
designed to slide freely. One – the seaward right foot on the pontoon – had an
additional vertical pin (called a pintle) that connected the walkway to a high-level
support platform on the pontoon. Figure 6 shows a support foot with the major parts
labelled. Figures 7 and 8 show sectioned views of the support feet. When the
pontoon moved due to tide, wave, wind and traffic, the feet were designed to adjust
position and accommodate any motion. Any motion that the feet could not
accommodate was intended to be absorbed by the torsional flexibility of the structure.
Figure 9 illustrates how the walkway pivoted and moved as a result of tidal motion.
Waterproofing
bellows

Lifting
Section
Sliding
support feet

Support feet

70

Fixed
Section

© Crown Copyright, no part to be reproduced without consent of authors

71

© Crown Copyright, no part to be reproduced without consent of authors

72

© Crown Copyright, no part to be reproduced without consent of authors

73

© Crown Copyright, no part to be reproduced without consent of authors

74

© Crown Copyright, no part to be reproduced without consent of authors

It is advised that this is printed as A3
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Problems
Four problems were found once the walkway had been lifted into place:
a) The walkway seemed to be too short.
b) The pintle of the seaward right support foot was made to have a bolt assembly
pass through it to stop it lifting out of the portal frame platform. Although the bolt
could be inserted through the pintle, there was not enough clearance underneath
the platform to rotate the nut on to the thread. The bolt was left loose in the hole
overnight.
c) The local contractor who had designed and built the passenger ramp building
had expected contact between the walkway and the building to take place under
the walkway and not outboard in the form of cantilevered stub axles and support
feet. This meant that the floor beams intended to support the walkway vertical
load were in the wrong position. The contractor had also assumed the walkway
would be supported on rollers that could run on the floor plate of the building.
The guides he had provided could not be used.
d) In addition, the same contractor had not appreciated that FKAB wished the floor
of the passenger ramp building to incorporate a 4o slope under the walkway.
This was to prevent the underside fouling the building when the tide was out (the
walkway traversed a vertical arc of approximately +7o to –3o on the tide). The
building had not been provided with this slope.
FEAB decided not to lift the walkway down for alteration.
To prevent the walkway falling off the unfinished building by moving to left or right,
the shore end sliding feet were removed from the stub axles and the walkway was
temporarily supported on wooden sleepers protruding from the building. Under the
supervision of FEAB, restraint blocks were made up and bolted to the edge of the
ramp building to prevent sideways movement. To provide maximum overlap
between the walkway and the building, the pontoon water ballast was also adjusted
to tilt the portal frames towards the building.
Damage
During the night, the stub axle collars at the shore end came up against the
temporary lateral restraints preventing the pontoon from moving seaward when the
tide was in. The vertical pin/pintle in the seaward top foot was pulled upwards so that
the low-friction pad was raised by 10-15mm at its seaward edge. The retaining bolt
was severely damaged and FEAB instructed that a steel ring be permanently welded
around the pintle to hold it in place. As the end of the walkway had slid so close to
the edge of the building it was now very obvious that it was too short by 0.75m. As
its dimensions were found to be in accordance with the drawings this was discussed
with FKAB, the designer, who faxed details of an extension using available materials.
FKAB also faxed the design alteration to LR Gothenburg for approval. The walkway
was extended. This involved grinding off and re-fitting the shore end stub axle
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assemblies. LR Croydon who approved the design, and LR Crawley who carried out
installation surveys, did not know of the extension.
During the days that the walkway rested on wooden sleepers, friction due to tidal
motion wore away up to 20mm thickness of timber. The forces involved would have
imposed additional load on the seaward stub axles welds.
It does not appear that removal of the walkway for inspection of critical components
was contemplated following this overstressing. FEAB was fully aware of all the
problems listed above and those that follow were also brought to its attention.
Following completion of the extension, the sliding feet were provided with temporary
guides. It was not until 15 April that the final ‘U’ channel slideways were fitted.
These were of galvanised mild steel and were not fitted with stainless steel sliding
surfaces to receive the low-friction plastic pads attached to the underside of the
sliding feet, as is normal with this type of design. FEAB accepted the galvanised
surfaces at the shore end. It also allowed the support feet low-friction pads at the
seaward end to rest on the painted surface of the support platform. There is no
indication that FKAB even considered this issue. The sliding and support contact
surfaces deteriorated after only a few months of operation.
Project completed
The walkway was load tested on 19 April at the request of, and witnessed by, the LR
Crawley site surveyor. Using a loading based upon 0.4 tonnes per metre2 plus 10%
he recorded a maximum vertical deflection of only 2mm over the length of the
walkway. The LR Croydon design approval surveyor had anticipated about 35mm
deflection from full passenger loading. The low deflection test result was not referred
to the design approval surveyor. (It should be noted that proof load testing cannot
provide any assurance that a structure is safe from fatigue failure).
On 28 April 1994, two LR Crawley surveyors signed the completion certificate for the
Berth 3 upper-deck project. A copy was sent to FEAB. This meant that the
appropriate LR committee would be informed and a recommendation made that
Berth 3 should ‘remain in class’. Port Ramsgate believed that the involvement of LR
in the project meant that nothing had been left to chance. However, LR plan
approval surveyors had not considered that their Rules required them to assess the
following details:
a)
b)
c)
d)
e)
f)
g)

suitability of the stub axle material;
tolerance of fit between the axle/bearing;
ease of carrying out non-destructive examination during fabrication or in use;
lubrication system;
maintainability;
accessibility; and
operability.

The passenger walkway was brought into use on 12 May 1994. As RMT operations
from the Port of Ramsgate built up through the summer season, several thousand
passengers a day used the walkway.
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OPERATIONAL PROBLEMS
Heavy berthing
Seven heavy berthing incidents were logged at Berth 3 after the installation of the
new walkway, the heaviest involving the pontoon being trapped between the ship and
its guide piles, causing it to move shorewards violently by approximately 2m.
FEAB/FKAB expected the sliding feet to be able to run on a dry surface. However,
employees working for the local contractor who erected the passenger ramp building
found that structural bolts holding it together were working loose. This is expected on
a small scale with galvanised steelwork that has to be ‘bedded in’. The problem here
was much more severe; some 50-60 bolts in the vicinity of the walkway were coming
loose every two or three days.
A director of the steel fabrication company found that the building was vibrating in
time with wave action. His consultant structural engineer, while at the site on
18 April, suggested that all bolts securing structural components in the building be
checked for tightness and those found to be loose, paint-marked for monitoring. He
wrote to his client, the steel erection contractor, on 20 April asking that his comments
be passed on to Port Ramsgate. He had originally been told that FEAB expected no
lateral load to be applied by the walkway sliding in and out of the passenger ramp
building. This was obviously not the case and in his letter he suggested
consideration should be given to changing the sliding feet to rollers or some other
means of support. A copy of his letter was handed to Port Ramsgate and the issue
discussed with it. Subsequently, twice-weekly greasing of the slideways in the
passenger reception building started, with the agreement of FEAB.
At about the same time the low-friction pads at the shore end were found to be
damaged and coming loose from the support feet. Each low-friction pad was
retained by four nuts and bolts. An employee of the local steel fabricator frequently
picked up and replaced nuts that had fallen off. He also found that the bolts were
occasionally falling out from the underside of the pads. He usually managed to find
and replace them, but noted that one had disappeared completely. This was later
found embedded in, but protruding from, the contact surface of the low-friction pad.
FEAB instructed that steel restraint strips be welded to the front and rear edges of
the feet. A welder did this on the seaward edges but was moved to other work
before finishing the task. No one checked that this job had been completed and it
was not mentioned again.
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Support foot lifting off
Employees of the same local contractor saw the shoreward bottom left support foot
of the walkway lifted clear of its slideway for hours at a time on several occasions,
indicating ‘two-foot support’. One of the men sighted along the walkway in this
condition and noted no twist in the structure at all (ie there was no visible torsional
flexibility). FEAB was verbally informed of this on a number of occasions and at first
attempted to settle the feet by adjusting the ballast water in the pontoon. The
articulation design did not cater for roll of the pontoon and the walkway was not
sufficiently torsionally flexible to settle. It is not known whether FKAB was informed
that two-foot support was occurring.
Problems with upper vehicle bridge
In the weeks before the accident, a number of faults with the upper vehicle bridge
also came to light. Various ad hoc remedies were implemented but possible
underlying causes related to their design were not investigated by Port Ramsgate. It
did not consider the nature of the design or contrast the support arrangements with
other bridge supports at the port. FEAB sent two sets of steelwork drawings to Port
Ramsgate but these were not looked at by port staff.
WALKWAY MAINTENANCE
Some time before the end of installation work, FEAB’s site project engineer verbally
offered to give Port Ramsgate’s technical supervisor a maintenance tour of the new
work, to be followed up with a written maintenance schedule. Several weeks later
the tour took place, at the technical supervisor’s insistence. It comprised a walk
along the upper vehicle deck. The technical supervisor received the impression that
maintenance would be straightforward and similar to maintenance of the (much
simpler) single-deck linkspans.
Most lubrication of moving parts was by disposable Greas-o-Matics. These screwed
into place and supplied grease from a small reservoir under chemically induced
pressure. FEAB intended each one to last about three months. FEAB’s project
engineer pointed out two of them on the seaward lifting section of the passenger
walkway and several others on the sliding feet of the upper vehicle bridge but no
reference was made to the feet assemblies on the walkway.
The maintenance schedule that had been promised was never provided by FEAB,
nor was it requested by Port Ramsgate. FEAB left the site about two days later. Port
Ramsgate organised routine greasing of slideways and Greas-o-Matics changeover
following their existing procedures. Previous evidence of grease was used to
indicate areas where routine greasing was required. The part-time consultant
engineer was not consulted about maintenance procedures.
FEAB did not fit any form of lubrication system to the walkway support feet axles and
support feet sleeves. After assembly, no further greasing of the stub axle sleeves
took place.
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The fabrication drawing for the walkway support feet shows a threaded hole in the
stub axle support sleeve, presumably intended for a greasing point to be screwed
into place. The drawing does not say what this is for, or mention lubrication. This
can be seen in Figure 30 on part ‘D’. (The designer apparently intended that grease
was injected into the vicinity of the highest bearing load. This is contrary to normal
good practice. Calculation checks have shown that even if fitted, the Greas-o-Matic
system would not have worked).
The FKAB design did not provide for access for inspection and maintenance. The
walkway support feet at the shore end were readily accessible but those at the
pontoon end were not, nor even readily visible. The crucial top right support with the
printle could only be reached using a cradle suspended from a crane.
On 5 July 1994 an insurance company engineering surveyor carried out a brief visual
inspection of Berth 3 as part of a routine periodic inspection of equipment at the Port.
He detected nothing untoward.
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DESIGN CONSIDERATIONS
Loading
The loads to be considered may be grouped under the following headings:
Self-weight. This is sometimes referred to as “dead load”. It is the weight of the
structure itself plus any permanent attachments, such as lamp standards on a bridge,
partition walls in a building. Self weight can usually be calculated with some
exactitude.
Live loads. These are the loads resulting from the prime purpose of the structure –
for example, people, furniture and equipment in a building; vehicles and people on a
bridge; water pressure on a dam; forces due to friction between the sliding surfaces
of bridge bearings. Live loads are usually subject to a rather high degree of
uncertainty. For example, what is the probability that all lanes of a highway bridge
will be occupied by stationery nose-to-tail heavy lorries? What collision forces should
be assumed for the protection of bridge piers?
Environmental forces and effects. These include forces applied by wind, snow,
waves and earthquakes. They also include forces resulting from settlement of
foundations (commonly caused by clay shrinkage), or from subsidence caused by
mining. Expansion and contraction caused by temperature variations can also be an
important effect. A relatively uncommon example is the movement caused by tide,
wind and waves in a pontoon bridge. Environmental forces are in general subject to a
rather high degree of uncertainty.
Safety factor
Different safety factors are applied to the various loads and effects, according to the
degree of uncertainty. Factors are also applied to the nominal strength of the
structural materials, and to design calculations, according to the reliability of the
methods and assumptions used. In some instances, safety factors can be derived
from statistical data, for example for wind speeds and wave heights, but in general
they are based primarily on judgement and experience of performance.
Stress, strain and deflection
Stress is force per unit area. Stress in the direction of a member may be tensile or
compressive. Stress across a member is called “shear stress” (vide shears, or
scissors).
Longitudinal strain is extension (or compression) per unit length. Strain is caused by
stress or by temperature changes. The ratio between stress and strain, caused by
stress, is known as the “elastic modulus” or “modulus of elasticity”. All materials
deform under stress. For example, a steel bar 10mm x 10mm in cross section, 1m
long, supporting a load of 2 tonnes, will extend by about 1mm. The strain is then
0.001. Strain is usually expressed in terms of microstrains, where one microstrain is
a strain of 0.000001, so the strain in the bar is 1000 microstrains. Shear stress
causes shear strain.
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All structures deflect under load. A girder or bridge might typically deflect by about
1/500 of the span. Deflection is directly related to strain.
Static strength
The static strength of steel is determined by pulling a sample of the material in a
testing machine. For stresses below the “yield stress” the extension (due to strain) is
“elastic”; it increases in proportion to the applied stress, and if the load is removed,
the specimen returns to its original length. When the stress exceeds the yield stress,
permanent strain occurs in addition to the elastic strain – this is, the permanent strain
remains if the load is removed.
The stress at which the specimen breaks is called the “ultimate strength”. The
extension when fracture occurs is expressed as the “percentage elongation”, and this
is a measure of the ductility of the steel. Glass, for example, has no ductility at
normal temperature or below.
Fatigue strength
When a member is subjected to a large number of load repetitions, the strength is
reduced by an amount which depends on the stress range and on the number of
repetitions. Load repetitions may be caused by live loading, or by environmental
loading, such as wind or waves. Welded connections have a much lower fatigue
strength than the fatigue strength of the unwelded steel. For example, the fatigue
strength of a welded connection for one million load cycles is typically about 25% of
the yield strength of the steel.
The design of structures which are subject to a large number of significant load
repetitions must always take account of fatigue. In many instances this involves the
calculation of stresses, estimation of the number of repetitions of loads or forces of
different magnitudes to be expected during the lift of the structure, and reference to
published data on the fatigue resistance of various materials and types of welded or
bolted connections. It is however possible to design safely on the basis of service
experience, or by ensuring that the design stresses are sufficiently small.
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E.1 Selection of figures and photos that are inserted in different locations, in
the folder of information provided to students, according to which stage of lab
is being undertaken
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Image used with kind permission of Kent Constabulary
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E.2 WITNESS STATEMENTS – used for all stages of the lab
EXCEPT risk assessment
Note: These are not exact transcripts but are based on the actual statements
and accounts of people who were there when this accident happened for real.

Security Officer

I heard a terrible noise and then all the lights went out

Port Foreman

I inspected the walkway yesterday. I found no vandalism, the weatherproofing bellows
were in working order and the gap flap plate was correctly positioned. At 00:45 the Prins
Filip was berthed at No 3 without problems. The weather and sea state were calm and the
tide was slack falling to low water. There was nothing unusual about the berthing or
loading. I was standing on the upper vehicle deck on berth 3. Just before 1am I heard a
crash and realised that there had been an accident. I therefore called the emergency services
who were soon on the scene along with a lifeboat to search for people in the water.
Mr H

As I went over the gangway I could see a 6 inch gap between the two sections. I jumped
over it, which was difficult because I was wearing a backpack. I didn’t think anything
about it at the time. I had just got to the ship when I heard people crying and some people
were panicking.
Japanese Tourist

I had walked along the first section of the walkway when I heard a noise and was
showered with water. I then ran to the ship. I was the last person to get on the ship.
Italian Tourist

When we came off the ferry I said to my boyfriend that the gangway was moving.
Mr D

The power went off and the walkway started to shake and rattle. I had to hang onto a steel
rail. There were a lot of people just hanging on but I saw one man let go and fall. The
movement also catapulted some people forward.
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Mr S

During the previous 18 months I had accompanied my friend a HGV driver on this ferry
crossing about 12 times. I helped with loading and unloading. I have only used the
passenger walkway about four times previously. Nothing looked or sounded out of the
ordinary to me. We were only a few feet from the end of the walkway when there was a
screech and scraping noise and I was aware that the walkway was falling. I saw all the
people in front of me rising up into the air. I then hit the floor hard and knew immediately
that I was badly injured. After the noise of the fall everything went suddenly quiet. The
lights were not on anymore but I could make out several people in front of me lying on the
floor. From the tangle of arms and legs and luggage I could see that the injuries would be
severe - there was a lot of blood. I knew that some of them were probably dead. I spoke to
my friend who was initially conscious and tried to keep him awake but he stopped moving
or making any noise and I found out later that he had died. I lost 4 pints of blood, fractured
my back, pelvis, left arm and both legs and also dislocated my shoulder. I still get
nightmares and flashbacks and cannot play football or do other sporting activities that I
used to take for granted.
Investigating Engineer

On examining the section of walkway where people were injured I found that the two
shore-side feet still attached the walkway to the passenger ramp building (Fig 19) although
they were badly cracked (Fig 24). The walkway itself was undamaged except where it hit
the pontoon. None of the windows were broken. The seaward right support foot was still
connected to the support platform by the vertical pintle rotated at an angle of 45o about its
vertical axis (Fig 14). The collar to which the foot was welded remained attached to the
walkway (Fig 4b). The fracture surface was badly rusted. There was no lubricant under the
sliding surface of the seaward right foot and it was lightly rusted. The slide-way for the
seaward left foot showed two rust-coloured prints and police divers recovered this foot from
the dock, again the collar to which it was welded remained attached to the walkway. Only
two thirds of the fracture surface of the left foot was rusted. The stub-axle was seized
within its support sleeve. The grease distribution groove was completely blocked with rust
and other debris.
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