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This is an interim report addressed to the President of ICE 
that raises topics for further investigation, consideration and 
evaluation and makes recommendations as to taking that 
process forward. It does not express final conclusions on any 
matter and it is not a basis for any criticisms to be made of any 
person or body. The Review Panel members and ICE do not 
accept any liability in connection with this interim report.

Foreword from the President  
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Foreword from  
the President
The Grenfell Tower fire was a profound shock for the 
country and raised the concern that any failings at 
Grenfell may be found to be systemic and not site 
specific. In these circumstances, organisations for 
professionals in all areas of the built environment 
sector should examine whether action needs to be 
taken to deliver safer and more effective whole-life 
stewardship of assets. 

For this reason, I asked Professor Peter Hansford to lead 
a review to consider whether we fully understand the 
potential vulnerabilities in our economic infrastructure.

The profession and the people it serves need to know 
as soon as possible if there is a requirement for a 
concerted, sector-wide response. Therefore, I asked for 
Peter’s review to provide an interim report so as to have 
early conclusions. As a result, his recommendations are 
initial and pose questions for further investigation.  
My hope is that this consultative approach will allow 
ICE to take a lead in establishing a sector-wide 
consensus on action to improve the whole-life safety  
of infrastructure assets.

I thank the Review Panel for all their work in producing 
this report in a short period of time. Peter has identified 
important questions for further consideration. The 
Institution is committed to using its position to drive 
positive change across the infrastructure sector and I 
wholeheartedly accept all the recommendations in this 
interim report. 

We will instigate a project to build from these initial 
findings. I have asked the Director General to create 
the proposed Task and Finish groups on Lesson 
Sharing, Competence and Governance and for the first 
phase of this work to be completed by spring 2018.

I hope you will join me in supporting and contributing 
to the next stage of this vital work.

Professor Tim Broyd, 
FREng FICE, President 

Review Panel members
•  Peter Hansford FREng FICE, UCL (Panel Chair)

•  Liz Baker MICE, The Nichols Group

•  Julie Bregulla FICE, BRE

•  Tim Chapman FREng FICE, Arup

•  Mike Gerrard FICE, Independent

•  Margaret Sackey MICE, ICE Health & Safety Panel

•  Matthew Symes MICE, Concerto Partners



Foreword from  
the Review Chair
As we approach the 200th anniversary of the 
inauguration of our Institution, it is instructive to 
reflect on how the role of the civil engineer – and 
the way we interact with others across whole asset 
lifecycles in the built environment – has changed, 
particularly in recent years. Our profession has 
gained significantly from advances in knowledge, 
management processes and the application of 
technology. But assets are now used by ever more 
people. Compounding this risk, procurement and 
financial pathways continue to grow in complexity. 
Interfaces and handovers abound.

I was commissioned by President Tim Broyd to chair 
an independent review addressing how to mitigate 
the risk of a catastrophic failure within the field of 
infrastructure. This interim report poses a number of 
important questions, both for the Institution and for 
the wider infrastructure profession. 

My thanks go to the Panel for their advice and 
guidance during this review. I am also grateful to the 
ICE in-house staff team for their support throughout. 
Within a tight timeframe, they consulted more than 
30 individuals and organisations, reviewed numerous 
written submissions and hosted several regional 
workshops. Of course, none of this would have been 
possible had those we consulted not given freely of 
their time and been willing to share their insights 

and experiences. I extend sincere thanks to all our 
consultees on behalf of the ICE. Their organisations 
are listed in Appendix B. The consultation was carried 
out on terms of confidentiality, with no attribution of 
comments received. The Review Panel has, of course, 
considered the evidence for itself in coming to the 
provisional conclusions reached in this interim report 
and its recommendations.

Our profession continues to grow in strength and 
confidence as ever-greater feats of civil engineering are 
successfully delivered and operated. However, justifiable 
pride in our collective achievements must never be 
allowed to slip into complacency. Engineers are trained 
to be relentlessly vigilant in the management of risk. 
And it is entirely right that we should, at this time, 
ask whether we are missing something. With all our 
advances in systems, frameworks and processes, have 
we allowed gaps to grow in our lines of defence against 
infrastructure failures?

Peter Hansford 
FREng FICE

November 2017
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Executive  
summary
ICE members are primarily concerned with the design, 
construction and operation of economic infrastructure.  
This includes roads, railways, bridges, tunnels, water 
and wastewater facilities, flood defences as well as 
energy generation and distribution assets. 

Nonetheless, the occurrence of the Grenfell Tower 
disaster has prompted ICE to re-examine the potential 
for infrastructure failure in general. In accordance 
with the Terms of Reference, this review does not 
examine the specific details of what happened at 
Grenfell Tower, which are the subject of a public 
inquiry, nor does it specifically examine tower blocks 
or fire. This review does consider whether we fully 
understand the vulnerabilities that lie behind the risks 
of a serious failure in our infrastructure, particularly 
in our economic infrastructure which is the primary 
professional concern of ICE members.

Much of our infrastructure comprises legacy assets 
put to daily use by far more people than originally 
envisaged. For new assets, the procurement, 
funding and management techniques may be 
complex, resulting in difficulties around continuity 
of knowledge, vision and intent. These and similar 
pressures impacting the nation’s infrastructure invite 
the question of whether there are increasing risks 
of infrastructure failure and, if so, whether they are 
already apparent – hiding in plain sight?

This interim report sets the direction for further work 
by ICE. It offers a framework for thinking about the 
risks of infrastructure failure, drawing on the well-
established ‘Swiss Cheese’ model of lines of defence 
against failure. No line of defence can be perfect, so 
the aim is to identify and remove vulnerabilities to 
their individual and collective effectiveness. Where 
practicable, the number of lines of defence should  
be increased.

The Panel’s interim conclusions are the result of a two-
month period of study and consultation. The Panel has 
found that while the risk of a major failure of a piece 
of UK infrastructure is relatively low, it is still not low 
enough. ICE should, therefore, work with government 
and other stakeholders, to consider afresh what steps 
are necessary to reduce further the risks of failure. 

The interim report has four main areas of 
recommendation: 

Validation: ICE should commission a study to 
analyse and validate the 12 lines of defence against 
infrastructure failure in the model set out in this 
interim report. 

Lesson sharing: ICE should work with other 
infrastructure organisations to improve how the sector 
shares information from safety reviews, accidents, 
failures and near misses.

Competence: ICE should review the robustness of 
its Continuing Professional Development regime and 
Code of Professional Conduct. ICE should also review 
the effectiveness of arrangements for professional 
oversight of assets in different sub-sectors of 
infrastructure.

Governance: ICE should work with other 
infrastructure organisations to identify if improvements 
can be made to the role played by governance in 
the development and management of assets. This 
should include the competence of boards, scrutiny 
systems and the presence of a technically competent 
engineering voice in safety-critical decisions.

In addition to commissioning a study on the 12 lines 
of defence, the Panel recommends Task and Finish 
groups be established to take forward each of these 
three areas.

6
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Section A:  
Introduction

Purpose of this review

In the immediate aftermath of the Grenfell Tower 
disaster, some cladding from residential blocks across 
the UK failed safety tests. This raised the concern that 
any vulnerabilities to failure could be systemic and 
not unique to a particular site. This further reinforces 
the position that, it is right that professionals in all 
areas of the built environment should identify whether 
there is any need for action to improve the whole-
life stewardship of the assets for which they are 
responsible.

In the case of members of ICE, this primarily means 
economic infrastructure, including roads, railways, 
bridges, tunnels, water and waste water facilities, 
flood defences as well as energy generation and 
distribution assets.

This review is, therefore, not about tower blocks or 
cladding and nor does it specifically consider fire. 
Instead, it examines if the vulnerabilities that can lead 
to a serious failure of economic infrastructure is fully 
understood and how that risk can be reduced.

Definition of infrastructure failure 

The Panel has taken ‘infrastructure failure’ to be in 
line with the definition used by the Health and Safety 
Executive’s 2011 study, Preventing Catastrophic Events 
in Construction1: “events that are beyond the ordinary 
or routine…characterised by being of low probability 
but high consequence”.

In addition, HSE defines catastrophic events as having 
the following potential consequences:

• Potential for multiple deaths and serious injuries in 
a single incident and/or

• Serious disruption of infrastructure (e.g. road, rail) 
and/or services (e.g. power, telecoms)

And the following features:

• Ability to adversely affect organisations commercially, 
either directly or through the loss of reputation

• Creation of public demand for action, possibly 
leading to demand for a public inquiry and/or 
changes to relevant legislation.

Value of an interim report 

The Panel recognises that a final action plan will need 
to take account of information not yet available. This 
will include the findings of the Grenfell Tower public 
inquiry and the many internal reviews by organisations 
active within the infrastructure sector.

The Panel does however believe that it has identified 
areas where action can and should begin now.

Contributors have identified potential vulnerabilities 
at all levels in the design, build and operation of 
economic infrastructure: from decision making 
in boardrooms, through to engineering design, 
construction and the management of assets. 

Individual blindspots or vulnerabilities in the 
infrastructure system will seldom, on their own, lead 
to a catastrophic failure. The Panel has considered 
the reports written on a number of major incidents 
including on the 1984 Abbeystead disaster, the 
Piper Alpha explosion in 1988, the explosion at 
the Buncefield oil refinery in 2005 and the 2017 
independent inquiry into the construction of 
Edinburgh schools.2 From these reports, a picture 
emerges of vulnerabilities that can arise from a range 
of sources – and often in combination – including 
design flaws, the operation of control systems, 
the application of maintenance regimes, issues of 
governance, organisational culture, knowledge 

1 HSE (2011) Catastrophic Events in Construction: hse.gov.uk/research/rrpdf/rr834.pdf
2  Report of the Independent Inquiry into the Construction of Edinburgh Schools (2017):  

edinburgh.gov.uk/news/article/2245/independent_report_into_school_closures_published

management and training (see Box 1, page 8).



The Swiss Cheese model to analyse 
defences against infrastructure failure 

For example, the Santiago de Compostela derailment 
in northern Spain in 2013 killed 79 and left 140 
people injured. The initial inquiries into the cause 
blamed the behaviour of the train driver. Subsequently, 
inquiries revealed multiple flaws in the system 
for managing the interface between high speed 
and regular railway lines and that on-board safety 
equipment had been turned off.

The inquiry into the collapsed walls in Edinburgh’s 
schools found that the failure was a direct 
consequence of poor quality construction. It also 
showed that the poor quality of the work was a 
result of inadequate monitoring and quality assurance 
systems and poor communication of design intent. The 
inquiry noted that following the incident in Edinburgh, 
it emerged schools in other parts of the country had 
encountered similar problems, but this information 
had not been shared.

The Panel has used the well-established Swiss 
Cheese model of risk analysis to help it consider 
the systemic nature of risk to infrastructure3. In this 
model, lines of defence against an incident occurring 
are conceptualised as slices of Swiss cheese with 
vulnerabilities presented as holes in the cheese (see 
Figure 1, above). 
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“Path of infrastructure failure”

Figure 1: Swiss Cheese model

3 See, for example, Reason, J. (1997) Managing the Risks of Organizational Accidents

Box 1: Recurring themes in 
catastrophic infrastructure failures

There is a wealth of excellent academic work 
about the causes of disasters (see Appendix 3  
for examples). From reviewing many, the  
following themes can be seen:

• Failure to identify all risks within the system

• Operations not in accordance with design intent

• Weak or non-existent procedures for approving 

• Incomplete or inadequate information available 
to decision makers

• Increased demands on assets

• Lack of access to engineering input

• Disabling of safety controls for ‘operational 
reasons’

• Poor quality supervision and assurance, 
including over-reliance on visual inspection

• Failure to share lessons from earlier incidents.

change in the operational phase 
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An error or an event may allow a problem to pass 
through a hole in one slice of the system. However,  
if there are no holes in the next slice – or a hole is in  
a different place – the problem will be caught and  
the risk of failure averted. For a catastrophic failure  
to occur there must be holes in every layer and they 
must align.

As well as being a model for analysing the causes, 
this approach can help us reduce the risk of failure. 
It can help us identify the lines of defence in the 
infrastructure system, the location of vulnerabilities 
(holes) and the likelihood of holes aligning to 
create the conditions for a disaster. It also draws 
our attention to the option of adding new ‘slices of 
cheese’ to increase the number of lines of defence.

Knowing, Applying and Ensuring

The Panel has developed a prototype model for 
infrastructure showing 12 lines of defence against 
failure (see Figure 2). The model is based on a three-
step process. It begins with ‘knowing’: the existence 
of fit-for-purpose systems for developing and sharing 
individual and corporate knowledge. Second is 
‘applying’: the processes that allow knowledge to be 
used to reduce the risk of failure. Finally, ‘ensuring’ 

identifies the systems and processes that confirm the 
effective application of knowledge.

1. KNOWING

1.1 Asset condition data

1.2 Incident reporting and dissemination of learnings

1.3 Continuing Professional Development 

2. APPLYING

2.1 Standards and regulations

2.2 Attention to quality in design and construction

2.3 Suitably Qualified and Experienced Persons 

2.4 Code of Professional Conduct

2.5 Client organisations

3. ENSURING

3.1 Governance

3.2 Investment cases and the Health and Safety File

3.3 Independent scrutiny and assurance

3.4 Asset stewardship of infrastructure

1
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Section B:  
Lines of defence 

Introduction

This section sets out the Panel’s initial assessment 
of where significant potential blindspots – that is, 
vulnerabilities – could exist or may be growing in the 
lines of defence against infrastructure failure. These 
are grouped under three headings: Knowing, Applying 
and Ensuring, as outlined above.

At the end of each section is a series of questions 
prompted by the foregoing discussion. The Panel 
suggests that alongside the recommendations in 
Section C, these form the starting points for the 
recommended three Task and Finish groups, looking  
at lesson sharing, competence and governance.

1. Knowing
The first group of lines of defence and potential 
blindspots identified by the Panel is ‘Knowing’. This 
covers three areas. Firstly, knowledge of assets from 
high-quality data. Secondly, knowledge of the lessons 
from failures, near misses and successful efforts to 
mitigate risk. Thirdly, the knowledge and experience 
of professional engineers and the system for keeping 
this up to date via their Continuing Professional 
Development.

1.1 Asset condition data

Line of defence
The collation and sharing of accurate and up-to-date 
data on asset condition and performance allows 
professionals to make better judgements across the 
whole life of an asset.

Potential blindspots
The Panel heard that the UK has a significant stock 
of older assets built up over centuries and passed 
through many owners and operators. The Panel 
recognises that this creates a challenge to owners in 
having complete information about all of their assets. 
Owners should however review and keep under review 
their arrangements for having more comprehensive 
and regularly updated information on their assets, 
for example through routine inspections. If this is not 
prioritised, a potential blindspot can be created for 
those charged with managing those assets.

The Panel was told that the task of collating 
good quality asset data is made more difficult 
when construction or operation of an asset is 
characterised by multiple handovers and interfaces 
and/or fragmented and evolving supply-chains. 
These circumstances can lead to uncertainty around 
responsibility and accountability for data management.

The Panel also heard that further action is needed to 
drive standardisation to allow benchmarking  
and calibration.

A number of contributors identified digitisation and 
automation as a major opportunity, for example 
via the creation of a common data environment 
using Building Information Management (BIM). 
Similarly, the technology already exists to monitor 
an asset’s condition continuously and remotely by 
sensors. However, compared with industries such as 
aviation and nuclear power, take-up in much of the 
infrastructure sector is limited. Contributors pointed 
to the need for a culture change, so that optimisation 
of asset condition data is seen as a value-yielding 
investment rather than a cost to be managed down. 
The risk should drive the budget, not the budget  
the risk.

The Panel was told that longer term,  intervention by 
government and economic regulators may be needed 
to remove barriers to the creation and sharing of asset 
data, for example intellectual property rights.

11



1.2 Incident reporting and 
dissemination of learnings

Line of defence
Sectors such as chemicals, oil and gas, and aviation 
have systems for collating reports on failures and near 
misses, backed by mechanisms to ensure that this 
information is acted on. Knowledge-sharing systems 
in these sectors have evolved to include more positive 
cases of safety enhancing interventions. 

Potential blindspots
Many contributors to the Review highlighted a need 
to improve collection and dissemination of information 
on failures and near misses. A lack of public 
acknowledgement of near misses and a tendency to 
see such events as a success was a particular concern. 
Cultural, legal and financial disincentives within 
the infrastructure sector that prevent the effective 
sharing of knowledge were also highlighted, as was 
the importance of leadership and the creation of an 
environment where staff can speak out.

The Panel heard that Confidential Reporting on 
Structural Safety (CROSS) is an example of the 
difficulties and challenges in this space. CROSS 
enables anyone – public or professional – to voice 
concerns anonymously (see Box 2). The knowledge 
and use of CROSS’s reports appears however to 
be limited despite institutional endorsement and 
funding. Several interviewees suggested ways of 
increasing its effectiveness and reach. These include a 
requirement to contribute to CROSS as part of Initial 
Professional Development and key CROSS reports 
becoming a compulsory element of CPD. In addition, 
some thought that in prosecution and enforcement 
decisions in cases where the cause had been the 
subject of an earlier CROSS report, more weight 
should be given to that.

12

Box 2: SCOSS/CROSS

Standing Committee on Structural Safety and 
Confidential Reporting on Structural Safety

The Standing Committee on Structural Safety 
(SCOSS)4 is an independent body supported by the 
Institution of Structural Engineers, ICE and HSE. 
It was set up in 1976 with a remit to maintain a 
continuing review of building and civil engineering 
matters affecting the safety of structures. SCOSS’s 
main aim is to identify trends and developments in 
design, construction and use that might contribute 
to risk to structural safety. SCOSS interacts across 
the built environment sector including with the 
professions, contractors and government.

In an attempt to improve structural safety and 
reduce failures, SCOSS established the Confidential 
Reporting on Structural Safety (CROSS) scheme 
in 2005. Based on procedures developed by the 
aviation industry, individuals or organisations can 
submit reports about their experiences during 
design, construction, operation or maintenance 
that resulted in incidents or near misses. CROSS 
also publishes newsletters containing de-identified 
reports with comments from a panel of experts 
and manages a website database, designed as free 
resources for use by all in the sector.

4 Structural Safety, Incorporating SCOSS and CROSS (2017) About Structural Safety: structural-safety.org/about-us



1.3 Continuing Professional 
Development 

Line of defence
ICE exists in part to protect the public by helping 
ensure infrastructure is designed, built and maintained 
by competent, up-to-date professionals, who will not 
compromise on whole-life safety and quality. 

ICE owns a regime for Continuing Professional 
Development (CPD) intended to assist members 
maintain their competence over a multi-decade 
career. CPD is intended to ensure that an individual 
acknowledges the extent and limitations of their 
knowledge and skills. It also helps to maintain 
a learning and questioning mindset. On a more 
immediate level, CPD also aids engineers wishing  
to operate outside of their original area of training  

new role.

Potential blindspots
A number of contributors expressed concern that in 
their view, the Professional Engineering Institutions 
(PEIs) have relatively weak systems for enforcing 
their members’ obligation to undertake CPD. It was 
thought the approach could be unsuitable for a 
rapidly changing environment in which technological, 
financial and management structures are all evolving.

The Panel believes that ICE’s CPD approach has served 
it well but may now need updating. In this context, the 
Panel notes that Engineering New Zealand has a more 
systematic approach and requires a full assessment of 
members’ CPDs every six years (see Box 3).
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Box 3: Engineering New 
Zealand’s CPD

Engineering New Zealand (formerly the 
Institution of Professional Engineers New 
Zealand) is the professional body representing 
20,000 professional engineers from all disciplines. 
It is also the registration body for Chartered 
Professional Engineers in New Zealand5.

Engineering New Zealand requires (of all 
practicing grades) to complete at least 40 hours 
of CPD per year, making an annual declaration to 
confirm compliance. Assessment of achievement 
based on learning and its application, not the 
total hours spent: the emphasis is on the quality 
and relevance rather than quantity of CPD. 
For this reason, applicants comment on the 
learning benefits of key CPD activities to their 
engineering practice. CPD must be relevant to 
12 Competence Elements including analysis of 
complex engineering problems, decision-making 
and risk management. Each year a random 
sample of members have CPD Practice Reviews.

At least once every six years members are 
reassessed to show whether they have taken the 
necessary steps to keep engineering knowledge 
up-to-date and are still able to practice 
competently. 

5 Engineering New Zealand: engineeringnz.org

to acquire a body of knowledge suitable for any  



The Panel heard that for some specialist roles within 
UK civil engineering, the requirements for CPD and 
the level of through-career scrutiny are greater, for 
example Reservoir Panel Engineers (see Box 4).

‘Knowledge’ questions for 
consideration by the proposed  
Task and Finish groups: 

1. How can the ICE regional structure best contribute 
to the capture and sharing of knowledge on failures 
and near misses?

2. How can the infrastructure sector make 
improvements to the collection, storage and 
accessibility of high quality data on asset condition?

3. Across engineering disciplines, what examples 
are there of sharing best practice in the use of 
technology for monitoring asset condition?

4. How can ICE effectively support the development 
and demonstration of specialist engineering 
knowledge, expertise and competence?

2. Applying
The second group of lines of defence and potential 
blindspots identified by the Panel is ‘Applying’. 
This groups together the processes used in the 
infrastructure sector to implement knowledge. This 
includes standards and regulations, the deployment of 
Suitably Qualified and Experienced Persons (SQEP) and 
adherence to codes of conduct – by both individuals 
and corporate bodies.

2.1 Standards and regulations

Line of defence
Standards and regulations are used extensively across 
the infrastructure sector. They cover materials, design 
and construction operation, maintenance, energy 
efficiency, sustainability and a range of other issues. 
Standards and regulations exist to ensure safety, 
consistency and efficiency. As such, they are an 
important line of defence in the mitigation of the risks 
of asset failure. Developed over time and informed by 
industry experts and practitioners, ideally they will 
function as a repository of codified best practice.  
They are reviewed and updated regulary but also 
require interpretation and implementation for a  
given application. 
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Box 4: Reservoirs Panel Engineers

The ICE Reservoirs Committee is a statutory 
committee that advises the Secretary of State 
for the Department for Environment, Food and 
Rural Affairs on the operation of the Reservoirs 
Act. This legislation, first introduced in 1930 and 
updated in 1975 as a public safety measure, 
permits the regulation of large raised reservoirs 
in the UK.

Owners or operators of reservoirs under the 
Act must employ an engineer (drawn from the 
panel) to at all times supervise the reservoir and 
to inform the owner of anything that might 
affect safety.

Panel engineers are civil engineers who make 
the technical decisions relating to the safety 
of reservoirs and carry out monitoring and 
inspection. Applicants must demonstrate suitable 
qualifications and experience, provide details of 
their CPD and evidence of appropriate health 
and safety training. 

Appointments are for five years and before  
their term expires, engineers may apply for  
re-appointment for a further term. To do so  
they must show a broadening and updating 
of their knowledge through providing detailed 
recorded CPD together with evidence  of 
practical experience.

Registration with the Scottish Panel of Engineers 
is a requirement for working as a reservoir 
engineer in Scotland.



Potential blindspots
Consultees spoke of the importance of standards 
and regulations in promoting through-life health and 
safety. Where a regime of continuous improvement 
supports standards and regulations, this was felt to be 
a key line of defence against the risks of asset failure.

The Panel was however advised of two main potential 
blindspots. Firstly, working strictly to the letter of 
the standard or regulation rather than the spirit; 
and secondly, standards that may be out of date, 
incomplete or contradictory.

2.2 Attention to quality in design 
and construction

Line of defence
A robust and high quality design process can remove 
risk in both the construction and operational phases of 
the life of an infrastructure asset. 

In the construction phase, clear and timely 
communication of design intent, a focus on quality 
and a low tolerance for error can remove defects in  
an asset that would otherwise make it vulnerable  
to failure.

Potential blindspots
The Panel heard evidence that the infrastructure sector 
could benefit from a more systematic application of 
the concept of inherent safety in design, as practiced 
within the process industries (see Box 5).
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Box 5: Inherent safety 

The inherent safety concept6 is where design is 
used to avoid or minimise hazards to prevent 
accidents rather than relying on control systems 
and special operating procedures. Inherent safety 
and its practice in inherently safer design aim 
to avoid or minimise hazards by substitution of 
benign materials, moderation of conditions and 
simplification of operations. The four  
main methods for achieving inherently safer 
designs are:

• Minimise: Reducing the amount of 
hazardous material present at any one time

• Substitute: Replacing one material with 
another of less hazard

• Moderate: Reducing the strength of an effect

• Simplify: Eliminating problems by design 
rather than adding additional equipment or 
features to deal with them.

Two further principles are used by some: 

• Error tolerance: design of equipment and 
processes capable of withstanding possible 
faults or deviations from design

• Limit effects by design, location or 
transportation of equipment so that the worst 
possible condition produces less danger.

Maintenance cost will be lower because there 
are fewer control systems and instrumentation 
to maintain in inherently safer designed 
infrastructure. Insurance premiums should also 
be lower because hazards are reduced.

6 HSE: improving Inherent Safety: hse.gov.uk/research/othpdf/500-599/oth521.pdf



The Panel also heard evidence on design concepts such 
as safe-life and fail-safe. Safe-life drives safety through 
either designing a component to prevent failure if 
used properly or by defining a replacement period. In 
contrast, fail-safe design contains some redundancy, so 
that a failure of an individual element does not lead to 
the failure of the structure or system as a whole7.

The integrity of even the best design can, however, 
be let down by poor quality construction and 
maintenance. The Get it Right Initiative (GIRI) (see 
Box 6) shows that while the industry quite rightly 
highlights progress made in personal safety on site8, 
the same attention and leadership has not always 
been applied to quality. The Panel heard that this could 
result in organisational cultures - especially on site - 
that tolerate incidences of errors and defects.

Quality and safety are not synonymous. Nevertheless, 
poor design, defects and errors during construction or 
maintenance can create latent risks that may combine 
into failure.

 

2.3 Suitably Qualified and 
Experienced Persons (SQEP)

Line of defence
A definition of competence is the ability to put skills 
and knowledge into practice in order to perform 
a job in an effective and efficient manner to an 
established standard10. The SQEP approach - used 
widely in the nuclear power sector highlights the 
need for matching the high standards of professional 
competence achieved by engineers in their training 
and development to a more practical comprehension 
derived from experience. This should include a 
demonstrable understanding by an engineer of their 
role and relationships within a team, an ability to 
communicate effectively and a deep insight of how 
their activity fits into the lifecycle of the asset.

Potential blindspots
The Panel heard that vulnerabilities could arise where 

team, this is particularly relevant to legal duty holders 
and to individuals with responsibility for the long-term 
management of asset integrity (see Box 7). 

The Panel recognises that levels of safety criticality and 
criteria for assessing an individual as SQEP varies across 
infrastructure sectors. It believes however that all
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Box 6: Get it Right Initiative 

The Get It Right Initiative is a group of industry 
experts, organisations and businesses invested in 
reducing avoidable error and improving the UK 
construction industry. 

The Initiative has developed a ‘Strategy for 
Change’9 to address the root causes of error, 
with a singular strategic aim: to reduce error 
significantly in the UK construction industry. 

Goals are to:

• Change the attitudes of those involved in the 
sector so that they care about and focus on 
reducing the number of errors and improving 
the quality in what they do

• Improve the knowledge across the sector so 
that all involved properly understand disruption 
of design and construction processes and how 
this can lead to error and waste

• Improve the decision-making and planning 
skills across the sector so that all involved are 
able to react and adjust to unavoidable process 
disruption.

Box 7: SQEP 

SQEP stands for Suitably Qualified and 
Experienced Person, a benchmark developed 
by the Institute of Engineering and Technology 
and widely used in the nuclear power sector. 
The term SQEP is used to signify that a worker is 
competent in a defined role and therefore assures 
public safety. A competence matrix determines 
requirements for assessing each job.

In general SQEP denotes a professionally qualified 
person with several years relevant experience, they 
are likely to be registered with a professional body 
and within the organisation they are working 
with, and whose judgement can be used to 
resolve a technical problem with some finality.

External regulatory authorities will often require 
documentation that staff are SQEP to ensure 
appropriate personnel to undertake critical 
responsibilities are in place along the supply chain.

7 Lloyd’s Register Foundation (2015) Foresight review of structural integrity and systems performance: www.lrf-icon.com/media/1057/lrf_
foresight_review_of_structural_integrity_and_systems_performance_v2.pdf

8 HSE (2016) Health and safety in construction sector in  Great Britain, 2014/15: hse.gov.uk/statistics/industry/construction/construction.pdf
9 Get it Right Initiative (2017) Strategy for Change: getitright.uk.com/report/strategy-for-change
10 IAEA (2015) IAEA Activities on Nuclear Knowledge Management: iaea.org/km/documents/A3_1.pdf

 there is no SQEP regime or equivalent. Within a project 



sectors can however learn from best practice, for 
example as shown by the nuclear power sector.  
Here, robust processes mean that work is conducted 
by individuals and teams who meet SQEP criteria.

2.4 Code of Professional Conduct

Line of defence
In common with most PEIs, ICE has a Code of 
Professional Conduct setting out the professional 
and ethical behaviour required of a member (see Box 
8). The Code of Conduct applies to all members, 
irrespective of their grade, professional role or 
location. Under the Code of Conduct, members have 
a responsibility to the public good and are to be 
honest in dealings with clients, colleagues and other 
professionals. This includes only undertaking work that 
they are competent to do. 

Potential blindspots
In an era of growing specialisation, commodification 
of engineering can create an additional vulnerability. 
Here, the Panel heard it can be difficult for clients to 
identify the specialist competence they need.

The Panel believes that there may be a role for ICE and 
other PEIs to make this task easier by introducing new 
ways for members to demonstrate competence, for 
example by establishing specialist registers.
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11 ICE (2014) ICE Code of Professional Conduct:  
ice.org.uk/ICEDevelopmentWebPortal/media/Documents/About%20Us/ice-code-of-professional-conduct.pdf

Box 8: ICE Code of Professional 
Conduct

ICE’s current Code of Professional Conduct11 
 came into effect in 2004 and was most recently 
updated in 2014.It  sets out the standards of 
professional conduct and ethical behaviour by 
which members should abide: 

1. All members shall discharge their professional 
duties with integrity and shall behave with 
integrity in relation to all conduct bearing 
upon the standing, reputation and dignity  
of the Institution and of the profession of  
civil engineering

2. All members shall only undertake work that 
they are competent to do

3. All members shall have full regard for the 
public interest, particularly in relation to 
matters of health and safety, and in relation to 
the well-being of future generations

4. All members shall show due regard for 
the environment and for the sustainable 
management of natural resources

5. All members shall develop their professional 
knowledge, skills and competence on a 
continuing basis and shall give all reasonable 
assistance to further the education, training 
and continuing professional development  
of others

6. All members shall: 

 a.  notify the Institution if convicted of a 
criminal offence;

 b.  notify the Institution upon becoming 
bankrupt or disqualified as a Company 
Director;

 c.  notify the Institution of any significant 
breach of the Rules of Professional Conduct 
by another member



2.5 Client organisations

Line of defence
Client organisations have the ultimate accountability 
and responsibility for the development, construction, 
operation and maintenance of an infrastructure asset. 
They specify the requirements, set the budgets, define 
the professional culture and determine the tolerance 
of risk of failure. These are all key lines of defence. 

Potential blindspots
A number of contributors stressed the vital role 
of clients in managing the multiple interfaces and 
handover points across programmes through which 
they design, build and manage their assets. Potential 
blindspots arise out of this complexity.  

The Panel also heard that gaps and silos, whether in 
technical knowledge or in roles and responsibilities, 
can lead to poor decisions about the design, 
construction and operation. Badly executed interface 
management and handovers are fertile ground for 
creating these potential blindspots. 

Respondents suggested that repeat clients, particularly 
in regulated utilities, are at the forefront of best 
practice in this area. In contrast, one-off clients were 
the greatest cause for concern. However, it was noted 
that large ‘pop-up’ clients undertaking single major 
projects typically have budgetary resources to buy-in 
the expertise of a repeat client. The Panel therefore 
concluded that one-off clients undertaking smaller 
schemes could be the most vulnerable.

The Panel was pleased to hear that ICE and the 
Infrastructure Client Group12 are collaborating 
on Project 13, a major initiative to develop new 
business models for the delivery of high performing 
infrastructure. One of the five main strands of this 
work concerns the capable owner (see Box 9). The 
Panel hope that this will support a sector-wide 
improvement in clienting capability.

‘Applying’ questions for 
consideration by the proposed  
Task and Finish groups:

1. Should ICE and other PEIs help match the 
supply and demand for engineering expertise by 
identifying those with specialist skills? 

2. What more should ICE do to promote the 
importance of quality in the design, build and 
operation of infrastructure?

3. What is ICE’s view on the effectiveness and 
enforcement of the ICE Code of Professional 
Conduct?

4. How can client organisations that are accustomed 
to smaller or one-off projects benefit from best 
practice available from major project repeat  
client teams?

5. Is sufficient guidance available to help temporary 
organisations (e.g. project boards) establish clear 
lines of accountability for health and safety?

6. What more can be done to create corporate/
project cultures that encourage reporting of 
unsafe conditions and motivate managers to act 
on this information?
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12 Infrastructure Client Group: ice.org.uk/about-ice/what-we-do/infrastructure-client-group
13 ICE/ICG (2017) Project 13 - From Transactions to Enterprises:  

ice.org.uk/knowledge-and-resources/best-practice/project-13-from-transactions-to-enterprises 

Box 9: Project 13: From 
Transactions to Enterprises 

Project 1313 (P13) is a coalition of infrastructure 
owners and their supply chain partners. It is 
working with ICE to develop delivery models that 
support the creation of value-driven, collaborative 
teams that can deliver long-term investment 
programmes. The P13 team has identified that 
this approach relies on owners who can:

•  Define the outcomes needed from the  
programme

•  Articulate technical requirements

•  Manage stakeholders

•  Put infrastructure into operation

•  Work collaboratively with the whole  
delivery team.



3. Ensuring
The final group of lines of defence and potential 
vulnerabilities identified by the review is ‘Ensuring’. 
This focuses on processes that exist to review the 
successful application of knowledge. This includes 
scrutiny of the collective capability of decision-making 
bodies, incorporation of lessons from previous failures 
into investment cases, the use of formal safety 
cases, the role of the Health and Safety File, external 
assurance and checking and finally the concept of 
asset stewardship.

3.1 Governance 

Line of defence
At the head of all client organisations, a board (or 
committee) holds the ultimate accountability for an 
infrastructure asset. The effectiveness of this governance 
body is a separate and distinct line of defence. 

Potential blindspots
The Panel heard that it is appropriate to consider not only 
an individual’s SQEP status but also that of corporate and 
project boards as collective decision makers.

The Panel does not believe that this means all 
individual board members should themselves be SQEP 
across all aspects of their organisation’s activities. 
Rather, the board should collectively be able to 
discharge its duty as the accountable asset owner. In 
particular, boards need to have a range of expertise 
and skills that enable them to understand the risks and 
establish clarity of accountability and responsibility for 
health and safety at all stages of an asset’s life.

Respondents highlighted the importance of 
governance boards treating safety not as a priority, but 
as a value. Priorities can change, values do not. Safety 
as a value means it is indivisible and permanent.

3.2 Investment cases and  
the Health and Safety File

Line of defence
An investment case is a core common step in the 
decision making process for any significant new 
infrastructure asset or major modification to an existing 
asset. It sets out the need for the asset, its associated 
costs, risk and its delivery plan. It is an opportunity to 
add a robust line of defence by ensuring that safety and 
lessons learnt from failures and near misses are there at 
the beginning of an asset’s life.

The Health and Safety File (see Box 10) is another 
strong line of defence. It is a legal requirement for 
projects involving more than one contractor. It should 
be a ‘living’ document containing relevant health and 
safety information that is referred to and updated 
during any subsequent work such as maintenance, 
cleaning, refurbishment or demolition14.

Potential blindspots
The Panel heard two concerns in connection 
with investment cases. Firstly, it was told that a 
demonstration of learning from relevant past failures 
and near misses is not a universal feature. Secondly, 
investment cases - with notable exceptions such as 
railways - do not, as a matter of routine include a 
formal Safety Case that sets out the  potential risks 
and their causes, significance or planned responses15. 
The Panel did hear that the use of Safety Cases has 
had a major, positive influence in the oil and gas and 
chemicals sectors.

In relation to the Health and Safety Files (see Box 10), 
the Panel were told they can sometimes be poorly 
prepared, not fully kept up-to-date and on occasion 
might not be passed on as part of asset handover.
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14 Safety Matters (2017) Health and Safety File: aisolutions.co.uk/Community/Knowledge/Topic/146/509/Health-and-Safety-File
15 HSE (2011) Catastrophic Events in Construction: hse.gov.uk/research/rrpdf/rr834.pdf
16 HSE (2015) Managing Health and Safety in Construction: hse.gov.uk/pubns/priced/l153.pdf 

Box 10: Health and Safety File 

Health and Safety Files are legal documents 
prepared, maintained, passed on to clients 
and made available to those who need this 
information. Full details are given in the 
Construction Design and Management (CDM) 
Regulations and HSE’s guidance document: 
Managing Health and Safety in Construction16. An 
extract from Appendix 4 of this document says: 

“The Health and Safety File is defined as a 
file appropriate to the characteristics of the 
project, containing relevant health and safety 
information to be taken into account during 
any subsequent project”

The intention of Health and Safety Files prescribed 
under the CDM Regulations is that they are of 
assistance in the future, to owners and operators 
of buildings, assets and infrastructure. A number 
of CROSS contributions show the danger of 
owners altering structures/assets without realising 
the implications.



3.3 Independent scrutiny  
and assurance

Line of defence
In all areas where technical expertise is applied, it is 
normal that decisions taken are subject to appropriate 
checks and sign-off procedures. Furthermore, 
independent scrutiny and assurance can help guard 
against ‘group think’ and errors. Awareness of external 
scrutiny may have a positive effect on quality of 
work, even before the checking itself has taken place. 
Scrutiny should always be proportionate to the level 
of risk.

Potential blindspots
The Panel heard many and varied views on changes to 
scrutiny and assurance regimes over recent decades, 
both on site (via, for example, the Resident Engineer 
function) or in the design office (via, for example, 
Category 3 design checks).

The Panel recognises that the role of the engineer 
has necessarily changed in recent decades, so does 
not recommend trying to reinstate functions such as 
the Clerk of Works or Resident Engineer. However, 
in discussing the issue of independent scrutiny and 
assurance with consultees, the Panel has not been able 
to satisfy itself that self-certification, self-accreditation 
and self-insurance are providing the same rigour as 
more traditional forms of external scrutiny.

3.4 Asset stewardship  
of infrastructure

Line of defence
A senior technical ‘voice’ running through asset 
creation and management can help ensure crucial 
decisions about the balance between fitness for 
purpose, safety and value for money are fully informed.

Potential blindspots
Evidence provided to the Panel suggests that over 
recent decades the role of the engineer has, by default 
more than conscious policy, slowly evolved from being 
the guiding mind of a project to that of a narrower, 
technical advisor. A number of contributors suggested 
that this has created a vulnerability that could increase 
the risk of failure. 

The Panel believes that while this is a potential 
blindspot, it is also an opportunity. The profession 
can take a proactive stance and redefine the role of 
the engineer. There is a real need for engineers to 
integrate insights across multiple disciplines to provide 
safe, well-performing, high-quality infrastructure.

The Panel is aware of two formal stewardship 
arrangements between a suitably qualified engineer 
and a designated asset. Firstly, within the military, 
the Panel understands that all items of sophisticated 
equipment have a designated asset owner. Secondly, 
reservoirs in the UK have a designated Panel Engineer 
ensuring the reservoir’s regular inspection for its 
continued integrity (see Box 4). Several respondents 
and interviewees suggested wider adoption of such 
approaches would create an important line of defence 
against the risk of asset failure. That is, significant 
infrastructure assets could be assigned a designated 
steward i.e. a suitably SQEP engineer to act as  
its guardian.

‘Ensuring’ questions for 
consideration by the proposed  
Task and Finish groups:

1. What practices of independent scrutiny and 
challenge of engineering design and risk 
management plans are suitable for adoption as 
general infrastructure industry benchmarks?

2. What assurance regimes have proved most 
effective in minimising the risks inherent in assets, 
their interfaces, handover points, operations and 
maintenance?

3. In recent decades Project Management 
has developed as a strong discipline in the 
infrastructure sector. To develop the role of 
engineer as whole-life asset steward what further 
advances are needed? 

4. Should all investment cases include a Safety Case 
in the infrastructure sector (i.e. following practice 
in the aviation, railway and nuclear power sectors)?
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Section C: 
Recommendations 

Basis of recommendations

The Panel has based the recommendations in this 
interim report on analysis of selected literature on 
previous failures, interviews with over 30 senior 
stakeholders, a series of workshops and a call for 
written evidence. 

This has allowed the Panel to create a prototype ‘Swiss 
Cheese’ model for infrastructure comprising 12 lines of 
defence against the risks of a failure. By infrastructure 
failure, the Panel means an incident leading to loss of 
life, multiple injuries or serious economic disruption.

The Panel has also identified a series of potential 
vulnerabilities or blindspots in these lines of defence. 
This has led to the interim conclusion that, while the 
risk of failure is small, action is justified to reduce it  
still further.

Validation of the 12 lines of  
defence model

This interim report’s first recommendation is for ICE  
to commission a study to validate the 12 lines 
of defence in the Panel’s prototype model for 
infrastructure (as set out in Section A). The Panel 
envisages a study looking in detail at published 
literature on a wider selection of failures, material in 
the CROSS database and, material from regulators 
of high hazard processes. This will help ICE establish 
a shared frame of reference for thinking about risk 
mitigation. It can also help establish a consensus 
on the vulnerabilities in the system that require the 
greatest attention. These are important steps towards 
a co-ordinated, infrastructure sector-wide effort to 
further reduce the risk of infrastructure failures.

Create three Task and Finish groups

The Panel also recommends ICE creates three Task 
and Finish groups. ICE should use its leadership role to 
convene groups that draw on stakeholders from across 
the infrastructure sector. The Panel believes this work 
can add value now and should proceed in parallel to 
the validation of its prototype model.

Task and Finish Group 1 – Lesson Sharing

The Review Panel recommends the Lesson Sharing 
group focus on two areas:

• Sharing lessons from reviews
 The Panel heard that many organisations in the 

built environment are conducting reviews into the 
creation and management of assets. These naturally 
have different perspectives, insights and learning 
points about the underlying risks of catastrophe 
and its mitigation.

 Recommendation 1: ICE should convene a 
stakeholder conference to share the findings 
from parallel catastrophe mitigation reviews 
and identify opportunities for co-ordinated 
action.

• Incident and near miss reporting
 This Panel reviewed a wide range of sector-related 

practices and cultures relating to incident reporting. 
In the infrastructure sector, the work of CROSS 
(Confidential Reporting on Structural Safety) has  
yet to gain traction across the whole profession. 
The Panel believes that cultures as well as 
procedures need to change in order to strengthen 
this line of defence.

  Recommendation 2: ICE should review the 
regimes for collecting and sharing information 
on failures and near misses in the infrastructure 
sector. This should include the need for 
legislation or regulation and the role of ICE’s 
regional structure in disseminating information.

Task and Finish Group 2 – Competence

The Panel recommends the Competence group 
focuses on three areas: 

• Professional and whole operation oversight
 The Panel found that practices for professional 

oversight of work on safety critical assets varies 
significantly between infrastructure sectors. The 
Panel suspects this is the result of responses to 
events as opposed to a systematic assessment of 
risk in different infrastructure sectors.

 Recommendation 3: ICE should review 
the oversight bodies and arrangements 
including specialist registers that exist in some 
infrastructure sectors and consider if there may 
be a case for changes in practice elsewhere.
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• CPD
 The Panel believes that ICE has a robust 

membership approvals process. However, the Panel 
heard concerns that given the pace of change of 
technology and practice the current CPD regime is a 
potential blindspot. While this is primarily a matter 
for ICE, the Panel believes that professional firms 
have a role to play in providing relevant support 
and in fostering CPD as a culture.

 Recommendation 4: ICE should review 
the suitability of its CPD regime, including 
consideration of periodic competence 
assessment, similar to that used by Engineering 
New Zealand.

• Code of Professional Conduct
 The Panel heard about an increasing possibility 

of professional engineers operating beyond 
the limit of their professional competence. This 
may arise when a broad-based engineer works 
in areas requiring deep technical expertise or 
conversely when a technical expert takes on a wider 
infrastructure role.

 Recommendation 5: ICE should review how it 
promotes and ensures adherence to its Code of 
Professional Conduct.

Task and Finish Group 3 – Governance

The Panel recommends that the Governance group 
focuses on four areas:

• Handover management
 The Panel was told about difficulties in managing 

handovers and the possible subsequent risk of 
a loss of asset understanding and insight and a 
blurring of responsibilities. The Panel believes that 
the increasing complexity of procurement, financial 
and management chains could raise the chances 
of errors and misunderstandings, and therefore of 
future failures.

 Recommendation 6: ICE should work with built 
environment professional bodies to develop 
clearer protocols for managing infrastructure 
asset handovers, on a whole-life basis. 

• Whole-life asset stewardship
 The Panel heard that with the growth of 

independent project management professionals 
and a commodification of engineering services, 
the engineer’s role in infrastructure strategic 
thinking and in whole-life operation has in places 
diminished. The Panel believes that this weakening 
of engineering voice increases the potential for 
poorly informed decisions that can increase the risk 
of infrastructure failure.

 Recommendation 7: ICE should instigate a pan-
PEI initiative to re-focus the role and voice of 
engineers in ‘whole-life asset stewardship’.  

• Competence of boards
 The Panel was given evidence that boards should 

have the collective expertise and skills enabling 
them to understand the inherent risks in the design 
and operation of their assets. They should also be 
capable of establishing clear accountability and 
responsibility for safety. The Panel was pleased 
to hear that the Infrastructure Client Group is 
investigating the role of governance in the  
delivery of high-performing infrastructure via its 
Project 13 initiative.

 Recommendation 8: ICE should work with the 
Infrastructure Client Group to establish how 
governance bodies accountable for investment 
approval can be sure they have the necessary 
skills and knowledge to understand the 
‘inherent risks’ in the design and operation of 
their assets.

• Assurance and scrutiny
 The Panel was told that independent assurance, 

checking and scrutiny is a valuable line of defence 
against catastrophic failure at all stages of an asset’s 
creation and management. Many interviewees 
expressed concerns about a watering down of 
checking, of weaknesses in self-certification 
techniques and of the lack of independent 
assurance reports at board level. 

 Recommendation 9: ICE should review practices 
for providing independent assurance and 
scrutiny, and recommend effective principles 
and arrangements applicable throughout  
asset lifecycles.
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Appendix 1: Terms of reference

Background and Purpose of  
the Review

The Grenfell Tower tragedy has quite rightly led 
to period of introspection amongst engineering 
and construction professionals. A public inquiry is 
underway and ICE has offered its support to HMG for 
this exercise.

In parallel ICE will conduct a review to identify to 
conduct a review to identify any action to improve 
public safety that should be taken by the civil 
engineering and infrastructure community. 

This review is wholly separate to the public inquiry 
into the Grenfell tragedy. It will not duplicate the 
public inquiry into the specific details of the failings 
at Grenfell Tower or touch on matters that may be 
subject to criminal investigation. 

The ICE review will seek to identify and address 
systemic issues highlighted by failings at Grenfell that 
may possibly increase the risk of a serious failure of 
infrastructure assets in the UK.

The review will issue an interim report by the end of 
October 2017. Conclusions and recommendations will 
be revisited after the completion of the public inquiry 
to ensure that all necessary lessons for professionals 
have been identified and acted upon. 

The output of the interim report will be a series of 
recommendations to improve public safety that can 
be actioned by professionals in the immediate or 
short term. The tight timeframe reflects this objective. 
The primary audience will therefore be professionals. 
The review may also make recommendations to 
government where action is needed to enable change. 

Relationship to other Reviews

The Chair will write to the Chair of the Public Inquiry 
to inform him of the scope of the review.

We will co-ordinate activity with parallel reviews 
including but not exclusively work led by the 
Construction Industry Council, Royal Academy of 
Engineering and the Hackitt Review of Building 
Regulations.

Scope

The ICE review will seek to identify and address issues 
highlighted by failings at Grenfell that may possibly 
increase the risk of a serious failure of infrastructure 
assets in the UK. In addition to examining the 

immediate causes of structural failures of individual 
assets the review will seek to identify and address 
weaknesses at the network and whole system level. 
This will include examination of the interaction 
between processes for the management of commercial 
risk and health and safety.

The following issues have been identified by the 
project steering group as potentially in scope for the 
interim report.

• Competency and capability within owners,  
clients and all tiers of the supply chain to  
manage the safety and structural integrity of 
infrastructure assets.

• Strategic oversight and governance of safety cases 

• Identification, assessment and management of 
systemic risks

• Operational management of risk, including 
interfaces and transfer of accountabilities between 
stakeholders at all stages of the lifecycle of 
infrastructure assets. 

• Inspection and quality assurance regimes 
during and following construction, operational 
management and in-service modification, 
refurbishment and re-fit of assets

• The effectiveness of existing regulations, guidance 
and codes of practice and any recommendations for 
their revision 

• The effectiveness of communication to and 
between industry, regulators and other authorities

• The effectiveness of industry efforts to understand 
and apply lessons from catastrophic failures and 
early warnings

• The impact of procurement practice, commercial 
arrangements and changes to professional roles & 
culture on all of the above

• Lessons from improvements in recent decades of 
onsite safety and their application to improving 
functional safety and integrity of assets.

Outputs and audience

The output will be an ICE branded report that will 
identify any changes required to professional practice 
to mitigate the risk of future failures. The principle 
audience will therefore be practicing civil engineers 
and other construction professionals.

When required we will make recommendations to 
government, clients and other stakeholders where 
their policy and practice is identified a barrier to 
professionals discharging their duties to mitigate risk. 
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