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The Temporary Works Toolkit is a series 
of articles aimed primarily at assisting the 
permanent works designer with temporary 
works issues. Buildability – sometimes 
referred to now as ‘construction method 
engineering’ – is not a new concept and one 
always recognised as vital to the realisation of 
one’s ideas; it ought to be at the forefront of an 
engineer’s mind.

www.twforum.org.uk 

Part 7: 
Temporary works 
failures – what can 
we learn?

Temporary Works Toolkit

In the second of two articles examining temporary works 

failures, Director of Structural-Safety, Alastair Soane, 

considers why failures occur and what steps can be taken to 

reduce the risk of catastrophic events.

In Part 5 of this series1, we briefl y discussed 
the common causes of temporary works 
failures, illustrating the risks with a series 
of examples. In this article, we look in more 
detail at the possible reasons for failure and 
consider what lessons can be learned.

Reasons for failure

Reasons for failure can start at the beginning 
of a project with a lack of research into 
prevailing conditions, such as having an 
inadequate ground investigation or no 
appreciation of possible environmental 
eff ects. Flooding, high wind, fi re, unusual heat 
or cold, and other extreme circumstances 
may have to be considered at the earliest 
stages. At concept stage, the possible risks 
have to be identifi ed and assessed, with 
steps taken to either eliminate them or 
reduce their impact. 

Assessment of loads forms an important 
aspect of starting design development; 
with temporary works the ratios of imposed 
load to dead load are particularly important. 
Imposed loads are often applied to their full 
values after the installation of temporary 
works, unlike the live loads on many 
permanent structures, which may only be 
rarely applied.

Codes of practice for design are written 

with permanent structures in mind, although 
there are some clauses permitting lower 
factors for limited lifespans. Designs, general 
arrangement drawings and fabrication or 
other specialist drawings all have to be 
produced with the same care for temporary 
works as for permanent structures. 
The design checking requirements for 
the diff erent classes, depending upon 
importance and complexity, are given in Table 
1 of BS 59752:

   Class 0 – temporary works designs may 
be checked by another member of the 
site or design team. Standard solutions 
often come with manufacturer-calculated 
working or ultimate capacities, but still 
need to be checked for compliance with 
the design criteria to ensure they will be fi t 
for purpose.
   Class 1 – temporary works designs can be 
checked by another member of the design 
team.
   Class 2 – temporary works designs must 
be checked by someone independent 
from the design team (not involved in or 
consulted by the original design team).
   Class 3 – temporary works designs must 
be checked by a third-party organisation 
independent from the design team 
organisation.

In all cases, the design check should 
consider: the design concept, strength 
and structural adequacy (including lateral 
stability and overturning), and compliance 
with the design brief. These are the minimum 
requirements and may need to be enhanced 
to consider the risks that may be present. A 
lack of proper design or a defi ciency in the 
checking regime can lead to failure.

There may be diff erences in the approvals 
process depending on the regulations in a 
particular country. In the UK, this will not have 
to be undertaken for Building Regulations 
approval, but in Germany, for example, the 
Proof Engineer must approve all stages of 
construction, including temporary works. 

The design/construction interface is a 
frequent source of problems and the root 
cause of many failures is lack of clarity 
on design constraints to those who build, 
aggravated by poor communication. Well-
intentioned decisions taken on site can 
compromise design intent and the safety 
of the works. Designers should be better at 
identifying critical constraints, especially in 
higher risk situations, and contractors should 
further mitigate the risk of misunderstanding 
by actively seeking confi rmation that their 
chosen method of construction does not 
compromise the design. Parties to a project 
have to be sure how that fi nished state 
will be arrived at safely and consider the 
implications of any proposed construction 
methodology on safety at all intermediate 
stages. 

Put more formally, in the UK it is a 
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statutory requirement for pre-construction 
information, which should contain details of 
signifi cant residual risks, to be passed via 
the principal designer to the contractor. Even 
though the parties may be from the same 
organisation, this should be done through 
nominated individuals who have authority for 
design and construction issues.

Of course, when temporary works 
are involved, then a temporary works 
coordinator should be engaged in the 
process: fi rstly, to give advice as to the 
practicality of the design proposals; and 
secondly, when on site, to ensure control as 
envisaged by BS 5975.

There should be a method statement 
for the works which has been agreed with 
the designer and communicated to those 
actually carrying out the work. The method 
statement is not there as a paper trail for 
protection; it is there to be implemented.

In safety-critical situations it is important 
that the risk management process is 
controlled by someone who is capable 
and experienced. This process should 
include ‘lessons from past experiences’. 
There may also be occasions, in high-risk 
situations, where an independent reviewer 
should be engaged to provide oversight (as 
recommended by SCOSS for structures3).

Projects, temporary or permanent, require 
an intimate relationship between design and 
construction. It is prudent for the design 
team to visit the site during the works when 
possible and liaise with the site staff  to 
assure safety is being achieved. CROSS 
data indicate that about 50% of failures 
occur during the construction phase, with 
25% during design, and the remainder 
occurring during the service life of the 
structure. 

What can be learned?

As the case studies in Part 5 of this series 
demonstrate1, the consequences of failure 
can be very severe and include:

   damage
   delay
   high costs
   loss of income
   loss of reputation
   loss of life and injuries
   criminal and civil liabilities.

A major component in the development of 
site safety in the UK was the publication of 
the 1976 Bragg Report4. Progress since then 
was examined in the paper ‘Re-visiting Bragg 
to keep UK’s temporary works safe under 
EuroNorms’5. To quote from this paper:

‘About 40 years ago the UK construction 

industry was enjoying a heyday. Motorway 

construction in particular was in full swing. It 

was a period also of considerable physical 

danger. In the 1960s and early 1970s the 

falsework for a number of bridges collapsed 

during construction and the government was 

moved to determine whether the industry 

was in a fi t state to manage falsework. 

Professor Stephen Bragg was commissioned 

to investigate, and his fi nal report helped to 

set the standard for temporary works design 

and management in the UK. 

‘The nub of the report lies in the 27 

principal recommendations, which cover 

design, site management, regulation, 

research, published data, testing, training 

and education, certifi cation of operatives, 

client role and the need for authoritative 

publications. The most celebrated are no. 

17, which is the need to appoint a temporary 

works coordinator (TWC), and no. 3, which 

requires the designer to consider a horizontal 

load of 1% of vertical plus calculated 

horizontal loads or 3% of vertical, whichever 

is greater (BS 5975 uses 2.5% in place of 

3%).’

The themes of coordinated safety 
management and the importance of lateral 
stability were identifi ed by Bragg as far back 
as the 1970s, yet many of the failures that 
are now seen demonstrate the same failings, 
so lessons have not been learned universally.

A valuable contribution to safety was a 
Health and Safety Executive (HSE) report6 
published in 2011 which asked the questions: 
what are catastrophic events in construction 
and what can be done to seek to prevent 
them? The project examined these ‘low-
probability, but high-consequence’ safety 
hazards by looking at: 

  the types of catastrophic event which 
have occurred or which might occur 
during construction
  the reasons for occurrence when 
there have been (or could have been) 
catastrophic events during construction, 
including an examination of the underlying 
factors
  the controls which should contribute to an 
avoidance of a catastrophic event
 where the UK construction industry could 
improve.

Examples of occurrences which may 
be catastrophic events are: structural 
collapse of a permanent structure; collapse 
of temporary works; collapse of plant or 
equipment, such as cranes; fi re; tunnel 
collapse; and disruption of underground 
services. Typically, these will involve the 
uncontrolled release of large amounts of 
stored energy and, as such, will – once they 
start – be very diffi  cult (or impossible) to 

control.
Catastrophic events would also be those 

having the 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). 
The potential impact of a catastrophic 
event upon a company means that directors 
and senior managers need to consider 
the risks they are exposed to and manage 
accordingly.

While not as technically detailed as the 
Bragg Report, the HSE report emphasises 
the range and magnitude of problems that 
can be encountered in cases of severe 
collapse with potentially high risks to the 
public, workers and infrastructure.

In Part 2 of this series7, John Carpenter 
aimed to assist permanent works designers 
in their legal obligations in relation to 
temporary works, stemming from the UK 
Construction (Design and Management) 
Regulations 2015 (CDM 2015), and also to 
demonstrate the wider project benefi ts of 
careful consideration. The advice was also 
designed to be of use to principal designers 
(a legally required client appointment on 

"IN SAFETY-CRITICAL 
SITUATIONS IT IS 
IMPORTANT THAT THE RISK 
MANAGEMENT PROCESS IS 
CONTROLLED BY SOMEONE 
WHO IS CAPABLE AND 
EXPERIENCED"

most projects under CDM 2015), and to 
clients concerning what should be expected 
of permanent works designers on their 
projects.

The factors that cause, or contribute to, 
temporary works failures are in the main 
well known and are containable. Mostly, 
of course, such works are carried out 
safely and securely with the application of 
considerable skill and competency. It is the 
small proportion that go wrong which must 
be prevented, but how?

Conclusions

Education is a vital factor in passing on the 
lessons of the past. Engineering teaching 
does not usually dwell on temporary 
works, but a thorough grounding in sound 
principles pays dividends whether applied 
to permanent or temporary works. Similarly, 
risk recognition and risk analysis are not 
mainstream subjects and there should be 
more course content aimed at emphasising 
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the serious risks that can be faced. In some 
cases, feedback from failures results in 
changes in legislation or regulation so that 
designers and constructors are forced in 
certain directions. This, however, can take 
many years and regulations usually set only 
minimum standards.

A very eff ective mechanism for preventing 
failure is to learn from previous experiences. 
For 40 years, SCOSS and, more recently, 
CROSS, combined at Structural-Safety8, 
have been active in providing guidance on 
structural safety in the UK. They examine 
incidences of failure or collapse, wherever 
they occurred, and consider whether there 
are lessons that can be learned and passed 
on to industry with comments that can 
help prevent similar occurrences. Their 
publications are widely distributed and 
read, both on site and in design offi  ces, by 
engineers who then apply the lessons to 
their projects. 

To bring about a reduction in failures, 
there needs to be concentrated attention by 
governments, national and local, on initiating, 
legislating on, and enforcing measures to 
improve construction standards. 

Alastair Soane BSc, CEng, PhD, FICE, 

FIStructE is Director of Structural-Safety. 

He is a member of the Ethics Committee 

of the Royal Academy of Engineering, the 

Advisory Group on Temporary Structures 

and other Institution of Structural Engineers 
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at Liverpool University.
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IntroductionThis short note highlights some of the salient aspects of the design 

and construction of liquid-retaining structures in reinforced concrete 

(Figure 1). This guidance is based on Eurocodes BS EN 1992-1-11 and 

BS EN 1992-32 and the corresponding UK National Annexes. This is 

not an exhaustive treatment of the subject and the reader is advised 

to refer to The Concrete Centre book on concrete basements3 and 

CIRIA publication C6604 as basements and tanks have many aspects in 

common.
Watertightness

In the design of containment structures, liquid tightness is a critical 

consideration. The structural engineer should discuss and agree with 

the client the liquid tightness requirements. Colloquial phrases such 

as ‘waterproof’ construction are best avoided; instead the engineer 

should agree the degree of leakage that can be tolerated using the 

classifi cation of tightness classes shown in Table 1. This, in turn, will lead 

to limiting crack widths that should be used in structural design. 

Tightness class 1 is the most usual class for utilitarian water-retaining 

structures and limiting crack widths is normally suffi  cient to achieve this 

class. For tightness classes 2 and 3 it will not be suffi  cient to limit crack 

widths alone. Liners and/or prestressing will be required to meet the 

requirements.In addition to correct design, liquid tightness also depends on the use 

of an appropriate concrete mix and good workmanship on site. Good 

compaction of concrete is essential. 

Durability and selection of materials

Concrete should be specifi ed in accordance with BS E

BS 8500 Parts 1 and 27,8. All materials in cont

will need to comply with specific re

Specifi cation for the Wate

Well-compact
thickn
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Many years ago, in the 1980s, the author 

was looking up at window joinery repairs 

at Ightham Mote, a 14th century property 

belonging to the National Trust in the UK. 

Short sections of oak transom had been 

pieced into the middle of the frames and short 

ends of the stiles replaced (Figure 1). They 

stuck out visually, attracting comment. Why 

keep the old? Why not just replace whole 

lengths or even the whole casement? Surely 

this is better in the long run?

It was a comment that many an engineer 

might have made. What is dictating such 

piecemeal work? Similarly, and on a broader 

scale, why does the professional team opt for 

such a repair strategy on a major restoration 

project? How has the building acquired the 

power to infl uence such decisions?

Historic fabric exercises power in many built 

environments that the structural engineer will 

encounter. London, for example, has masterful 

icons of a very diff erent scale to Ightham. St 

Paul’s Cathedral is one of the most powerful 

buildings in England, as the views of it are 

lanning legislation across 

affected 

building, whose defi ning chimneys are the very 

parts that now need rebuilding, is able to exert 

such infl uence over development, and for so 

many years?

This is the fi rst article in a new series 

covering issues of conservation and 

restoration. Articles will appear in diff erent 

sections according to their content. They 

will in general look not at such headlines 

as Battersea, but at the detail: timber, 

i onwork, stone, technologies and methods 

The contributors are 

James Miller MA, CEng, FIStructE, 

FICE, Conservation Accredited 

Engineer, Ramboll

This article forms part of the Conservation 

compendium, which aims to improve the 

way engineers handle historic fabric through 

the study of historic materials, conservation 

philosophy, forms of construction and project 

examples. Articles in the series are written by 

Conservation Accredited Engineers. The series 

editor is James Miller.

Conservation compendium

Part 1: Why keep it? 

Engineers and the modern 

conservation movement

conservation movement, it is worth refl ecting 

on the goals of such a series. Can any 

structural engineer engage in ‘historic’ 

work – that is, work on buildings protected 

by heritage legislation? In a sense, the 

answer is yes, certainly, rather like structural 

engineers can turn themselves to facade 

engineering, or fi re engineering, or become 

specialists in computational fl uid dynamics. All 

Conservation Accredited Engineers started 

life in general practice, but steadily developed 

a passion and skills that match the demands 

of listed buildings.

Today, there are conservation 

accreditation systems in the UK for 

members of RIBA, RICS and the ICE, as 

well as this Institution. These systems 

ferenced by client bodies such as 

(Wales) and Historic 
f

N  Figure 1 

Timber window repairs at Ightham Mote 

demonstrate decision-making based on retention of 

original fabric

Part 1

The use of timber as a structural material is not new, in fact dating 
back many centuries. As time passes, developments in the various 
types of timber components which are available and their use in 
diff erent structural forms have occurred; new advanced timber 
products are now available enabling structural engineers to achieve 
the performance and effi  ciency in building forms being demanded in 
the 21st century.

There are thousands of species of tree from which timber can be 
obtained, each with diff erent rates of growth, structural properties 
and degrees of durability. The timber supply chain has responded to 
nature’s variability and now provides repeatable product supply from 
managed forests. The industry has also created grading processes 
to deliver reliable technical performance (grades) for these products. 

The UK construction industry generally uses the word ‘timber’ to 
d ib t t l d t f d h i N th A i

This new series of technical 
articles will gradually build to 
form a Timber Engineering 

Notebook. Written by Chartered 
structural engineers Milner 
Associates with contributions 
from industry specialists, on 
behalf of the UK Timber Frame 
Association (UKTFA), the series 
aims to provide basic technical 

information on the use of timber 
as a structural medium, for the 
practising structural engineer.

 By way of setting the scene, 
the fi rst paper in the series 
provides a historical and 
technical background to natural 
sawn timber as a structural 
material. Subsequent papers will 
cover the range of engineered 

timber materials (engineered 
wood products) and composite 
wood products commonly 
available and diff erent types of 
timber structures in more detail.

 It’s hoped that as the Timber 

Engineering Notebook series 
develops, it will become an 
essential source of technical 
information for anyone 
interested in and/or working 
with timber - and we look 
forward to providing this high 
quality, peer-reviewed reference 
material to members of the 
Institution.

www.thestructuralengineer.org
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Timber Engineering Notebook March 2013

Timber Engineering 
Notebook series 

In January 2013, Institution Director of Engineering and 
Technical Services, Sarah Fray, heralded a new technical 
support initiative; a series of articles focussing on specifi c 
materials and their use. CEO of the UK Timber Frame 
Association, Andrew Carpenter, introduces the series…

No. 1: Timber as a structural material - an introduction

Number 1

Principles of steelbeam design
The key to understanding the design of 
steel beams is to determine whether or 
not the beam is restrained against lateral 

torsional buckling. This subject is covered 

in the Level 1 (No. 16) Technical Guidance 

Note: Lateral torsional buckling. If a beam is 

restrained, all that needs to be checked is 

the bending moment and shear resistance 

of the beam as well as serviceability limits 

against the applied load/actions.  All 
of which are based on the beam’s core 
properties. 

If the beam is unrestrained along any part 

of its length however, then there is a risk 
it will fail due to lateral torsional buckling.  

To address this, Eurocode 3 establishes 
a reduction factor that is applied to the 
bending moment resistance of the beam. 
Calculating this factor is the cornerstone 
of unrestrained steel beam design within 
Eurocode 3.

Frequent references will be made on the 
section variables throughout this guide. You 

are advised therefore to examine Figure 1 
for the definition and nomenclature of these 

variables.

St

Designing a steel beamIntroductionThis Technical Guidance Note is the first of the Level 2 guides. Guides in 

this next level build on what has been described previously in the Level 1 

series. The topics covered at Level 2 are of a more complex nature as they 

typically deal with the design of elements as opposed to core concepts 

such as loading and stability. As such, the amount of prior knowledge the 

reader is assumed to have is at the very least the contents of relevant Level 

1 Technical Guidance Notes.The subject of this guide is the design of non-composite steel beams to BS 

EN 1993-1-1 – Eurocode 3: Design of Steel Structures – Part 1-1: General 

Rules for Buildings. It covers both restrained and unrestrained rolled steel 

‘I’ and ‘H’ beam sections. It does not encompass the design of ‘T’ sections, 

hollow sections, castellated beams, angles and welded sections.

• Applied practice

• Worked example

• Further reading

• Web resources

ICON LEGEND

grades of t
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Note 1 Level 2

Description

Variableb
Width of flangeh

Depth of beamz-z
Minor axisy-y

Major axisd
Depth of webtw

Thickness of webtf
Thickness of flanger

Radius of root fillet between web and flange
W
pl,y Plastic section modulus about the y-y axis

W
el,y Elastic section modulus about the y-y axis
iz Radius of gyration about the z-z axis
A

Cross sectional area of the beam
Iyy Second moment of area about the y-y axis

N Figure 1 Beam section notation used in Eurocode 3

• Principles of steel  beam design

January 2012TheStructuralEngineer
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Technicians may also find these notes helpful when looking to 

develop a greater understanding of structural design - which may 

bring benefits to the overall quality of structural detailing and also 

enhance an individual’s career. 

The Technical Guidance Notes are intended to be easily 

accessible. Each note is designed to form part of the foundation of 

a personal technical reference library which can be continuously 

referred to. In developing the strategy for the Technical Guidance 

Notes, we have been conscious of the need to provide sound 

foundations from which design skills can be developed, and so 

basic structural engineering fundamentals are presented initially; 

the implementation plan for the series has identified second 

and third tier subjects which, in the medium term, will address 

structural engineering principals at increasingly complex levels.

It should be noted that we have decided to adopt titling using 

traditional UK terms such as ‘loading’ rather than Eurocode 

terms. Whilst the notes have 

been written to adhere to the 

Eurocodes we have taken 

the view that adopting the 

Eurocode titles would not 

aid the accessibility for the 

relatively inexperienced. 

I hope that many of you will 

benefit from the series and will 

make use of those guidance 

notes that are particularly 

applicable to your field. The 

first two, entitled: ‘Principles of 

design’ and ‘Derivation of dead 

loads’ follow. E

Notes are one of a range of initiatives 

n’s Engineering and Technical Services 

the practical support offered to members.

conceived to provide technical guidance 

s and those in the early stages of their 

ion of helping them to gain skills and 

in the workplace and hence increase their 

businesses they contribute to. Experienced 

al Guidance 

an introduction

I HOPE THAT MANY 

OF YOU WILL 

BENEFIT FROM 

THE SERIES AND 

WILL MAKE USE OF 

THOSE GUIDANCE 

NOTES THAT ARE 

PARTICULARLY 

APPLICABLE TO 

YOUR FIELD

LEVEL 3

Complex design 

concepts

LEVEL 2

Element design and 

communication

LEVEL 1

Core design 

concepts

Technical

8th October 2011, Managing 

win heralded the introduction of a 

cal Guidance Notes’. Sarah Fray 

neering and Technical Services 

oduction to the series.
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Part 1

This new series of technical 
articles will gradually build to 

information on the use of timber 
as a structural medium, for the 

timber materials (engineered 
wood products) and composite 
wood products commonly 
available and diff erent types of 
timber structures in more detail.

 It’s hoped that as the Timber 

Engineering Notebook series k

develops, it will become an 

www.thestructuralengineer.org
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Timber Engineering Notebook March 2013

In January 2013, Institution Director of Engineering and
Technical Services, Sarah Fray, heralded a new technical
support initiative; a series of articles focussing on specific fi
materials and their use. CEO of the UK Timber Frame 
Association, Andrew Carpenter, introduces the series…
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Article series
Get quick access to series of articles published in 
The Structural Engineer since 2012. 

Available series include: 

 • Technical Guidance Notes (Level 1 and 2)
 • Conservation compendium
 • Composite and Steel Construction compendium
 •  Concrete Design Guide
 • Timber Engineering Notebook

To view the contents of any particular series, visit: 
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25-27 Temp Works Failures.indd   2725-27 Temp Works Failures.indd   27 19/01/2017   12:1819/01/2017   12:18


