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CHAPTER 1

Introduction

This thesis concerns the Organisation of Falsework Construction. In terms of this
thesis 'falsework’ describes the structure which supports the moulds or forms to
reinforced concrete floors and roof slabs in buildings and culverts or decks to bridges.
The structure is temporary and is removed once the concrete has attained enough
strength to support its own weight and any other construction loading. Falsework is
a common, self-contained product on many building and civil engineering sites and this
socio-economic study can be seen as a microcosm of the operations of the construction
industry in general. The prevalence of sub-contracting and trends for supply and fix
arrangements and the high fragmentation in terms of organisations and tasks also reflect
the increasing trends in the organisation of other production processes in the industry.
It seems conventional wisdom that there is some relationship between management or
organisational control and the level of quality attained. However, no known previous

study has attempted to relate organisational variables to a particular level of quality.

That there were (and are) problems with respect to the quality of falsework was
recognised by the establishment in 1973 of the Bragg Committee and a British Standards
Code of Practice Committee. As a result of the deliberations of these committees a
series of technical and organisational recommendations were made. The formal
organisational procedures recommended in the Code (B.S.5975:1982) can be seen as a
typical response of classical formal organisation experiencing problems of control. In
1985 quality was still seen as a problem by many practitioners who also wished to
determine the extent to which the Code of Practice requirements were being
implemented. There was support from industry therefore, for a two year study of the
relationship between organisation and quality of falsework which was funded by the
Science and Engineering Research Council. The purpose of the grant was to enable

development of a theoretical framework as well as to provide industry with immediately

relevant and useful research findings.



This thesis draws upon the data collected during the period of the S.E.R.C. grant plus
substantial data generated since 1982 and used to substantiate the S.E.R.C. submission.
Parallel research also continued from 1985 to 1987 upon areas such as competence,
quality assurance and the developments in other industries responding to changes in the

political, economic and social climate since 1979,

The research methodology and analytical framework had to establish:

The level of quality being achieved on various sites; the organisational framework

within which falsework acquisition and erection take place; the practices and

procedures adopted and their impact.

In particular the extent and implementation of those formal procedures recommended
by the Code of Practice were of relevance to the operation of Quality Assurance

schemes in industry as a whole.

The approach, therefore, had to combine engineering and sociology. Briefly to
articulate it now, the emphasis was to describe practice and the rationales which inform
it. The structural and contextual variables of organisation are critically examined and
their relationship to quality is explored. It was borne in mind that the social
arrangement broadly termed ’organisation’ not only includes the formal authority
structures, policies and formalised procedures initiated by management in particular
economic enterprises but also all those unwritten conventions and understandings shared

by practitioners in the industry at large and which are crucial to its operation.

The models used of the ’Economic Order’ and *Occupational Order’ are heuristic devices
in describing particular sets of rules and understandings. For example the economic
order describes the rights of personnel in the hierarchical economic control structure

to decide the what, where, who and when of an operation, whilst that of the



occupational order describes how rights are apportioned as to how an operation 1s
defined and performed. Such models and relationships are not independent 'formal’ or
'informal’ organisations but co-exist being continually addressed and referred to by
practitioners. The occupational order is absolutely crucial to operations of the
construction industry, the economic order providing the means for, and reason for,
assembling the various parties on site. The models are used to explain the operations
of the construction industry where a wide range of geographically dispersed projects

are undertaken, each of which is defined by its promoter as unique in total concept.

The main hypothesis that was tested and explored was that the quality (of falsework

erection) is related to the effective functioning of the occupational order.

Formal procedures such as those advocated in the falsework Code of Practice or more
generally in quality assurance schemes may be effective in resisting the trend but are

more likely to be applied by engineers in civil engineering than on building sites where

the main problems lie.

This thesis is written for a joint audience of engineers (practitioners) and social
scientists. It is necessary, therefore, to describe in detail certain engineering or
organisational concepts. The reader must therefore excuse some repetition and the
inclusion of what might seem fundamental or trivial material. A glossary of terms are
included in the appendix, supported by figures and photographs in the text, for
non-practitioners who number engineers as well as other disciplines. The thesis is
arranged in four parts. Part One looks at the technical description of falsework,
literature and workmanship standards. Part Two addresses the measurement and
findings on quality. Part Three describes the ’formal’ or economic control of falsework
and the effects of structure and formalisation on quality, and goes on to demonstrate
the importance of the occupational order in describing the form of control and the

attainment of quality and points to consequences and possible solutions.



PART ONE

Falsework and Problems with Quality



CHAPTER 2

FALSEWORK

Introduction

This chapter provides a basic description of falsework together with a review of the

historical development of the various types of support systems which are used today in

the construction of falsework and formwork.

Descriptions and definitions

There are problems in defining and describing ’falsework’.

The usual definition of falsework takes the form of that in the Code of Practice for

Falsework BS 5975 (1982):-

"Any temporary structure used to support a permanent structure while it is not
self-supporting.*
Thus from this apparently wide description some kind of falsework has been in use
ever since mankind started to build. Support could be in the form of earth mounds or
timber centering as in the case of arch and dome construction. With the advent of
concrete construction the scope of falsework has broadened considerably both for in
situ and precast work and many modern structures in steel, timber or brickwork require

some form of temporary support during erection.

The definition above however is limited since it refers to the support of permanent
structures, it does not, for example, apply to the support of earthworks and trenches
by cofferdams or sheet pile retaining walls. The Code of Practice CP 5975 essentially
applies to concrete structures where supports range from those to simple beams

through to massive concrete bridge decks. The Code of Practice does not apply to

formwork; it only defines it:-



"the section of temporary works used to give the required shape and

support to poured concrete. It consists primarily of sheathing material

(eg.wood, plywood, metal sheet or plastic sheet) in direct contact with

the concrete, and joists or stringers that directly support the sheathing."
The limited scope of the definition may be justified since earthworks and formwork
have, or will have, their own Codes of Practice. Earthworks has its own Code of
Practice BS 6031 (1981), but guidance on support works are restricted to construction
details only, with no guidance on the design of the falsework necessary in trenches and
cofferdams. The construction of formwork currently has some guidance in the form
of a Joint report by the Concrete Society and the Institution of Structural Engineers
(1985) and a glossary of terms in BS 6100 (1987) Section 6.5; a Code of Practice is also
in preparation. The support work to these and other temporary works requires a wide

interpretation of the Falsework Code of Practice and the philosophy behind the earlier

Bragg report (1975) so there is a need for positive guidance on falsework in other

temporary structures.

It is very difficult to apply a strict demarcation between formwork and falsework
although for commercial reasons formwork and falsework suppliers have to do so.
Indeed the common sense rationales of practitioners frequently do not distinguish
between formwork and falsework. Neither does either the Civil Engineering (1985) or
Building Standard Methods of Measurement (1978) distinguish between them (unless a
special structure is required by the Engineer, for example a travelling gantry) and rates
in the Bill of Quantities for formwork are deemed to include for any support work.

If referred to at all by practitioners, falsework is often termed ’scaffolding’ or

'shoring’.

This study addresses the quality of workmanship of erected falsework structures used
to support the soffits to traditional reinforced concrete beam and slab structures. The
recommendations and details contained in BS 5975 are used extensively although there

are difficulties when dealing with proprietary systems and proprietary decking

formwork (see below).



Traditionally the predominant falsework support material to concrete slabs has been
timber, but various systems and materials have come to be used and it is necessary to
describe their development into the range of support types used today in the United

Kingdom and encountered in the study.

For reasons of the common sense blurring of descriptions of falsework, formwork and

scaffolding and their interrelation it is necessary to look at the development of all three

products.
Falsework systems

As with other innovations (s‘ee Bowley,(1960,1966) and Burrows(1979) a matenal
shortage provided the stimulus for change. Timber shortages, the cost of importing
timber, problems of wastage, and little or no re-use led to the development of steel
support systems. Although there are still the same problems of wastage and labour
costs involved in using timber, it is still used extensively today in Europe, Canada and

the United States even for bridge support structures ( White 1983).

The first major development in the United Kingdom took place in 1916 when
Scaffolding Great Britain (S.G.B.) patented the first universal coupler (the "band and
plate”) for use on steel tube, which was standard 48.3mm (1 29/32ins) outer diameter,
4mm (8 S.W.G.) thick, 6.3m (21ft) long Grade 13 (mild steel) water pipe. (Material
Properties are defined in BS 1139 (1982)). In comparison with timber, steel was
stronger, presented fewer wastage problems and could be reused many more times.
This was in a period of high workload, labour shortage and timber shortage, and the
associated costs soon made the use of time- and labour-consuming timber poles and
lashing access scaffolding obsolete in the United Kingdom. Timber and bamboo

scaffolding are still used in other parts of the world, for example Hong Kong, Spain

and Greece, for access and support work.

Support works to concrete in the 1920s still used timber erected by joiners and the

newer occupation of 'formwork carpenter’; or tube and fittings scaffolding erected by,



re-skilled, scaffolders. Tube and fittings scaffolding was more appropriate for the

larger, more heavily loaded structures such as bridges.

Continuing timber shortages and the pursuit of labour and time savings led further to
the introduction in 1935 of the Adjustable Steel Prop (Specification appears in BS

4074,1982) in the United Kingdom by W.A. de Vigier, the founder of Acrow Ltd.

This telescopic tubular steel prop transformed the construction site. Timber props
were virtually eliminated overnight and the name 'Acrow’ became the g;neric term for
adjustable steel props used to support decking, wall formwork or trench sheeting. For
support heights of up to 4 metres, the Acrow prop virtually replaced timber and tube

scaffolding, and the propping of slab formwork was seen more and more as part of the

task of the formwork carpenter.

During the same period in the United Kingdom and abroad, systems scaffolding were
being developed. These consisted of welded frames which could be slotted or clipped

together to form access or support towers. These resulted in reduced labour costs and

required less skill in assembly.

They also offered, in certain instances, more rigidity, reduced wastage of fittings, less
eccentricity of loading and more predictable structural behaviour. These systems were

used to provide access, and, where fitted with suitable top and bottom adjustable screw

jacks, support scaffolding,.

There continued increased development of more systemised, standardised components
and systems with the primary objective of reducing labour costs (time and skill). These
developments were made by the emerging formwork equipment suppliers and

scaffolding suppliers. It is perhaps worth noting that this equipment could be re-used

and hired by the contractor.



Whilst frame systems continued to be developed and used extensively in other countries
for access and support (For example Lightfoot and Oliveto (1977), Christian (1981),
Bennett(1984) and Bennett and Ratay (1984)),the Kwikform Company pursued a
development which drastically changed the provision of access and support work.
'Kwikstage’, in 1961, was the first of many ’pocket’ scaffolding systems where
individual tubular members were still retained but connections made by welded lugs
fitting into pre-formed pockets welded onto the vertical member. Thus there was a
modular system of scaffolding incorporating a good deal of the flexibility of tube and
fittings but with better load and moment carrying capacity. The prime advantage,
however, was in the labour and skill required. For example, erection times of systems
can be up to one half of those with tube and fittings. Material costs and fabrication

costs tend to be more expensive than tube and fittings by about 30%.

In 1980, systems scaffolding of this type accounted for 30% of all scaffolding, with
Kwikform accounting for 80% of this figure (Contracts Journal (1980)). Tube and
fitting scaffolding tends only to be used nowadays for jobs which are complex (in
relation to geometric layout) or where they are needed for long periods (the
consideration of equipment costs or hire costs then outweighing the labour costs). For
these reasons one is less and less likely to encounter tube and fittings support as
falsework, where it is required for a relatively short duration. Complex shapes usually
occur in building work where systems are supplemented or replaced by adjustable
props. As tube and fitting stocks become old and unusable they are more likely to be

replaced by pocket systems.

In the United Kingdom, in contrast to other countries, these modular pocket systems
have become the dominant form in comparison with frame systems which are thought
less suited for higher structures and heavily loaded structures since they need stabilising
by bracing and lacing members. Since the Bragg Report and BS 5975 the requirements
for lateral stability mean that traditional frame systems receive less and less favour.
No supplier sells or hires this equipment any more for use in support work, but some
offer special heavy duty trestling systems or rigid alloy, tower systems which bear little

relationship to the old form of frame system. It is possible to see frame systems used



(owned) by contractors (sub-contractors) in building operations as evidenced by the

study.

Developments have continued in making system scaffolding and formwork more
'tdiot-proof’, requiring less skill and time to erect, and in extending applications into
heavier loading conditions. Loading on each vertical member (standard) is often
limited by the span of the primary beam or runner connecting the formwork. With
developments of steel and aluminium beams for these applications, loading on a
standard may be increased. Suppliers have introduced stronger systems, either by
Incorporating horizontal restraint (via lacers, ties or braces) at more levels thus reducing
the effective length or using stronger tubes or connections. Stronger or larger tube has

disadvantages of needing special connections and problems of confusion with lighter

tube.

The prime incentive has always been to save labour costs and since steel and alloy
scaffolding became established, efforts have been made to facilitate erection and
dismantling. Systems were developed which incorporated decking as an integral part
of the falsework and formwork, which could enable larger spans and better utilisation
of the structural properties. In 1945 it was again Acrow who developed telescopic floor
centres for use with props and further developments came whereby a complete
proprietary system of props, beams and decking panels could be hired or purchased.
(Acrow U-form in 1964.) The formwork carpenters on buildings using these systems
were becoming assemblers of 'Meccano-like’ structures. Formwork and scaffolding
suppliers followed, introducing proprietary systems which could support a variety of
floor or soffit types and which offered a quick-stripping facility whereby primary and
secondary beams and even decks could be removed whilst the propping remained as
backpropping for subsequent pours. Larger quantities of formwork were thereby
released for use elsewhere on site. Recent developments in the United States and the

United Kingdom have resulted in larger scale 'flying forms’ systems of tableform

structures using steel and aluminium.

10



It is therefore possible to see a variety of support types to concrete slab structures in

the United Kingdom and a variety of organisations involved. (Chapter 14).

The main types of support to be encountered in the United Kingdom and examined in

this study are:-

1) Tube and fittings.

11) Adjustable steel props.

iii) Proprietary systems.

On any one of these support structures a mixture of formwork or decking types may

be used:-

1) Traditional decking of plywood sheets on timber or aluminium secondary and

primary beams.

i) Proprietary decking consisting of plywood sheet or steel or aluminium framed
panels with plywood or steel facing, trough and waffle units, permanent soffit
shuttering of concrete, expanded metal, profiled steel sheeting, glass reinforced
plastic etc. These may be supported on proprietary floor centres, steel or

aluminium beams connected and integral to the support system of props or

systems.

There is thus a multitude of arrangements but for the purpose of this study there was
only a need to define whether the formwork (ie. the primary members) was integral to
the support system or not. For example, floor centres may be used as secondary or
primary members, simply supported on timber bearers or in the head of the prop or

standard; in this case the decking is classified as ’traditional’ and separate from the

falsework support structure.

11



With such a variety of proprietary formwork and falsework systems which often can

be interchanged and mixed, contractual liabilities of the suppliers become blurred and

the potential for abuse of materials, and equipment is increased.

This thesis does not address those structures involving heavy structural support systems

using military trestling or Bailey Bridge panels, prefabricated steel girders etc. necessary

for large scale bridge crossings, for example over navigable waterways, railways or

motorways.

Wilshere (1983a) states that the falsework has to meet three main requirements.

"It should provide a safe support, that is to say there should be neither
failure nor risk of one. The second is that it should provide this
support without undue movement, that is to say the permanent structure

should be within the tolerances laid down and without locked in
stresses.”

(The author would add provision of safe access to check and adjust the falsework and

access to lay concrete).

"Thirdly, the cost should be as small as possible. In many ways the
first two are contradictory to the third and satisfactory falsework has to
be a reasonable compromise between these opposed arguments."(pp1-2)

It would seem that the studies of failures by Bragg(1975), and the Health and Safety

Executive (1985), and this one would suggest that a satisfactory compromise is not

being reached, as discussed in

(Chapter 8).

Chapter 3 and subsequent findings of this study

More details of proprietary systems are to be found in, for example, Brand (1975),

[rwin and Sibbald (1983), Christian (1981), Wilshere (1983). Figures, and photographs,

are included at the end of this chapter to illustrate the different types of structure and

some of the technology. A glossary of terms appears in the appendix.

12



The main suppliers and manufacturers of formwork and falsework equipment in the

United Kingdom are:-

G.K.N/Kwikform
S.G.B

R.M.D(Rapid Metal Developments)

Aluma Systems.

Acrow went into liquidation in 1983 but there is still 2 wide range of equipment held

by suppliers and contractors alike.

Conclusion

Falsework can comprise a wide variety of support structures. In this thesis, only those
structures used to support the soffit to traditional reinforced concrete beam and slab
structures in bridges and buildings are considered. Falsework cannot be totally
divorced from the formwork it supports. These temporary structures can use a variety

of equipment and material types. These have been described together with their

development.
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FIG.3: Proprietary systems and proprietary decking -

waffle moulds on decking system beams



FIG.4:Proprietary systems andproprietary decking -

aluminium and plywood paneis on aluminium primary beams




Photographs of Falsework Systems

In the following plates, acknowledgement is given to the following
suppliers for their material and permission to include them in this thesis.

Rapid Metal Developments (R.M.D.) PLC

Plate Nos. 1, 6, 8, 9, 11

G.K.N./Kwikform PLC
Plate Nos. 2, 7

Scaffolding Great Britain (S.G.B.) PLC
Plate Nos. 3, 4, 5
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Proprietary system with aluminium beams.
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Plate No. 5. Heavy duty frame system and aluminium beams.



Plate No. 6. View of proprietary rapid deck system incorporating
waffle moulds.



Plate No. 7. View of heavy duty proprietary system showing
trigger-brace and coincident node connections.
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Plate No. 8. Flying form proprietary system and two other
support systems.



Proprietary system for use in centering.
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CHAPTER 3

Backaround to The Problems of Falsework Construction

Introduction

In this chapter the background to the concern for the problems of falsework

construction and quality and the efforts and studies made to remedy them, will be

addressed.

Much of the concern arose during the space of a few years between 1970 and 1974
where a series of dramatic failures occurred worldwide (some of these are discussed in

Bragg (1974,1975a)); and in a climate of increasing Government and Trades Unions

concern about safety.

By the time BS 5975 was published in 1982, interest in falsework was beginning to
wane. The construction industry representatives claimed that they recognised the
problems and had instigated policies and that there was no need for political

intervention or more policing by the Health and Safety Executive. (H.S.E.)

From the interest shown by many organisations and practitioners in studies carried out
by the author and their unqualified support to the S.E.R.C. study, interested parties
were still concerned with the quality of falsework and standards of safety being

achieved. Although in the words of one semior H.S.E. representative engaged in

falsework and formwork:-

"Investigation in falsework today (1986) is a dead duck. Since the Code
of Practice it has run out of steam. We have produced a guidance book
to supplement the Code and other books and that is all we can do now.
We have to concentrate our meagre resources on more important areas.”

With only 90 inspectors to cover the whole United Kingdom construction industry and

who have to find time to prepare their own prosecution cases, one can see his point.
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The following chapters of this study suggest that there is still cause for concern for the

quality of falsework construction.

Previous studies: The Background.

Prior to the publication in 1971 of the Falsework report by the Joint Committee of the

Concrete Society and the Institution of Structural Engineers (1971) there was no single
self-contained published document giving guidance on the design or construction of

falsework structures. Some British Standards gave rule of thumb methods for shoring,

underpinning and support works as did various company brochures.

Shortly after its publication, on 23 March, 1971, the Birling Road overbridge in Kent
collapsed killing one man and seriously injuring five more. There was growing concern
within and without the construction industry, fuelled by the collapse in Pasadena,
California of the Arroyo Seco Bridge on 17 October, 1972 and nearer home the
frequently reported collapse of the viaduct over the river Loddon in Reading, just eight
days later, killing three men and injuring ten others. Falsework designers were in
serious danger of losing their credibility and falsework suppliers and contractors their
reputation in the light of such publicity. Interested parties were keen to maintain
control over the provision of falsework. There were also fears that the awesome
powers of the new Health and Safety Executive proposed by the Robens Committee
(1972) and subsequently established in the statute the Health and Safety at Work Act

1974 (1974) would impose undesirable measures if the industry could not demonstrate

that it was remedying the situation.

In the event the Government acted and the Secretaries of State for Environment and
Employment jointly set up the Advisory Committee on Falsework on 13 March,1973

under the chairmanship of Professor S.L. Bragg. The committee comprised members

from contractors, consulting engineers, Health and Safety Executive and the Trades

Unions and was welcomed by the Falsework designers.

29



Bragg committee

To quote in full the terms of reference of the Committee (Bragg 1974, 1975a):-

"To consider and advise on the technical, safety and other aspects of the
design, manufacture, erection and maintenance of temporary load
bearing falsework used to support formwork or permanent structures,
particularly bridges, during construction, and, in particular to:-
a) identify any inadequacies in present knowledge, standards and
practices, recommend such steps as may be needed, and indicate an
order of priority;
b)draw up interim technical criteria; for use in advance of the
publication of a British Standard Code of Practice; together with
such procedural guidance as the Committee may consider
appropriate.

c)recommend what research and development should be carried out
in the short and long term; and

d) advise as to the training, organisational and manpower
tmplications of the Committee’s recommendations.”

(author’s italics)

It should be noted here that attention was focused upon the more spectacular form of
failures of bridges which hit the headlines while recognising that the greater number

of 'minor’ failures on building jobs resulted in as many,if not more, deaths and

injuries,

Reference is also made in the above quotation to the preparation of a Code of Practice;
at the same time of the setting up of the Bragg Committee (as it became known), the
British Standards Institution (B.S.I) who had been deliberating for some time,

announced its intentions of setting up a Code of Practice. (see below). This, again was

welcomed by those interested parties.

The Bragg Committee produced its interim report in 1974 (Bragg, 1974) and its final

report in 1975, (Bragg, 1975a). These documents represented a most thorough,

perceptive and penetrating investigation.
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The Committee started work by studying evidence from known collapses in the United
Kingdom and overseas in the United States, Canada, Australia, South Africa, Germany
and France. They also studied evidence from smaller jobs and more 'minor’ failures.

Far more failures and accidents occurred, the Committee believed, on building jobs

than on major works of engineering construction.

The Bragg Committee found difficulties in estimating the size and scope of the
problem. They could only estimate that approximately 12,000 jobs involving falsework
are erected each year. (The market size and type of work during the period of study
related to this thesis do not suggest any modifications to this figure which is as good
as any.) What constitutes ’failure’ is also a matter of debate, as only failures which
constitute a collapse and injuries or fatalities reportable by law (Health and Safety at
Work Act 1974 H.A.S.AW.A)) are reported. The number of failures that occur daily
where no reportable accident occurs and result in economic loss for the contractor or
sub-contractor in the form of remedial works or re-construction works can only be

surmised. Popular opinion in the industry by practitioners, and H.S.E. would suggest

that such failures are ’common’.

Part of the recommendations of the Committee was a strengthening of the role of the
Health and Safety Executive (H.S.E.) and a more thorough reporting of accidents. This
was rather a Utopian vain hope, however, bearing in mind the industry’s dislike of

external controls, shared by the Government at the time of publication of the Code of

Practice.

Part of the problem of falsework quality, claimed the Bragg Committee, lay in the

fundamental nature of the Construction Industry in general and the role of temporary

works in particular.

The structure of the industry in relation to the unique project is examined later in part
3 (Chapter 14) but the Committee commented upon the fragmented nature of the
industry and the traditional separation of design and production which made

communication and coordination difficult. Furthermore falsework and temporary works

31



were exactly that; temporary and transiednt and part of the contractor’s preserve and
risk. As commented earlier, seldom is there separate provision in the Bill of Quantities
for falsework (or temporary works except in the case of special falsework, cofferdams
or caissons) and it is enshrined in the usual conditions of contract (for example
I.C.E.,1979,J.C.T.1980,G.C.Works 1977) that the contractor is responsible for temporary
works with a relatively minor role for the client’s representatives. The client’s
representative may call for designs to be furnished, checks made and for their consent
to be given before temporary works are executed. In certain cases particular structures
may be specified for an independent check to be performed and a certificate of such
a check be submitted by the main contractor, as in the ’Clause 8A’ provisions in some
I.C.E. contracts. The client’s representative has always discretion to stipulate or request
such information; this might be construed as part of the express terms of the contract
(as, for example, in the I.C.E. conditions, or where additional clauses are inserted in
any other conditions) or construed as a variation. All standard contracts clearly affirm
that contractual responsibility for temporary works and permanent works construction
lies firmly with the main contractor, irrespective of any requests, consents or
‘approvals’ made by other parties. (Responsibilities in Tort and under Statute still
apply to the client and his representatives or any other parties on site.) Contractors
and others did not have to comply with any Codes of Practice for temporary works or
falsework, (none were in existence at the time) and safety in these areas was subject

to erosion in contrast to the permanent works.

It 1s in the contractor’s economic interests to minimise cost and duration of falsework
which is only one of his tasks and area of risks. The Committee commented on the
increased fragmentation of falsework, in particular, where suppliers, sub-contractors

and other organisations may be providing several design and construction services on

any one job.

In spite of these difficulties the majority of falsework is designed, constructed and
dismantled without accident. The Committee said, however, that ultimately the costs

of any failure whether minor or major are passed on to the client and that the client

should take an interest.
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This, of course, sets the scene for a discussion of competition and economic policies

mentioned in the introduction and explored in detail in the main body of the thesis.

Having commented upon these fundamental problems (and addressing them later) the

committee investigated the reasons why accidents occurred and why errors were made

in design and construction.

"Failures arise from many different causes. Each one has two elements:
the technical cause which led to the collapse; and procedural errors
which allowed the faults to occur and go undetected and uncorrected."

(pg.7 Final Report)

and

"In hardly any case did we find that failure was the result of a problem
beyond the scope of current technology”

(pg.7-8op cit)

Problems were not therefore due to a lack of technical knowledge per se, in that the
industry was operating in uncharted territory, but due to organisational problems partly
due to the structure of the United Kingdom construction industry, and the problems,

caused by fragmentation, of communication and coordination.

This view is echoed by Mott (1975), a member of the Committee who stresses that the

problem is largely an organisational one.

Returning to the findings and recommendations of the Committee these can be divided

into four main areas:-

Technical
Procedural
Training and Research

Legal and Client Issues
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Technical problems did not usually originate from a lack of knowledge but a lack of
dissemination of that knowledge down to the falsework designers in the design offices
and on site (hence the need for training, a Code of Practice and a handbook or
textbook suggested by the Committee). There was also a coordination and

communication problem between the designer and site and the various organisations

serving these two.

"There seemed to be no wide areas of ignorance in falsework design
awaiting a vast programme of applied research for their elucidation.

What is needed is to ensure that designers do apply all the knowledge
already available."

(pg. 86 Bragg 1975b)

One particular technical area singled out is one of lateral stability against horizontal

forces.

"In particular there seem to be some characteristic blind spots which
we met many times in the.detailed consideration of falsework.f{ailures.
Foremost is the neglect of the effect of possible lateral forces.”

(pg. 86 op cit)

These lateral forces may arise from errors in workmanship, and some of the effects are

reported by Birch et al in the C.LLR.I.A. studies of adjustable steel props (1971,1977a,

1977b). The assessment of the quality of workmanship standards undertaken in the

studies reported in this thesis has obvious consequences upon the method of design of

falsework structures.

Apart from certain faults and recommendations involving details of connections and
local stability in composite and grillage construction and the need for attention to
material properties, lateral local stability accounts for the vast (80%) majority of the
whole technical content of the report, the other main concern being the use of

proprietary equipment which was highlighted by the C.I.LR.I.A. study reported (1971)

below.
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In undertaking the study of quality of workmanship reported in this thesis, the main
problem areas in workmanship were always envisaged to be the provision of adequate
bracing, lacing and tying-in to ensure lateral and local stability of the structure and its

elements. The results would confirm these expectations (Chapter 8).

The research also confirms that there is still a lack of adequate information and data
widely available on the use of proprietary systems and the necessary workmanship
standards. The Code of Practice offers little assistance since the committee were
limited by problems of commercial confidentiality of test results and equipment
capacities. It was also impractical for the Code to address all of the many different

types of systems which were changing and being constantly developed.

Failures which result in collapse are usually due to lateral instability which is clearly
a problem of overall structural quality. This thesis relates to measurements of quality
of workmanship and not necessarily structural quality but it could be argued that since
it is the single fault that could cause collapse, and not local failure, the assessment of
errors regarding lateral stability should be penalised more heavily. Chapter 9 deals

with a scoring system for evaluating severity of errors in workmanship.

Since these areas of lateral and local stability and uncertainties of proprietary system
behaviour and capacities are the main problem area for design it is not surprising that
they are the main sources of ignorance, disbelief or even suspicion (of overdesign and

extra equipment costs) in the construction personnel (supervision and erectors) on site.

Apart from these technical recommendations the main thrust of the Bragg report is on
organisational failings either due to the intrinsic nature of the industry, or the transient

and perceived minor role of falsework and its fragmented production process ( Part 3).

Bragg asked:-

"What were the failures in procedure or communications or inspection
that allowed them (the technical faults) to happen........
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....... The first is failure of communication: the designer was not given a
proper brief by the client; or the designer’s drawings were inadequate
or liable to misunderstanding; or there was no feed-back to the designer
when conditions on site were found to be different from those assumed.
The second is failure of inspection: the design was not checked by a
competent authority; or the structure was not inspected after erection.”

(pg. 38 Final Report)(author’s italics)

These features of communication and coordination of checking activities feature largely
in the report and subsequent commentaries by the Committee (Bragg 1975b, Mott1975

for example). Further, the report goes on to say:-

"We are of the opinion that if adequate and proper attention was paid
to communication of information which is already available somewhere,
this could possibly be the greatest single contribution to improved
standards of falsework construction."

(pg. 39 op cit, author’s italics)

It 1s hardly surprising that this thinking, already with a strong grounding in the interim
report, should lead to strong recommendations for detailed procedures for the design,

construction and dismantling of falsework.

Bragg suggested that these procedures should furthermore be formalised and
administered by a specifically nominated person, the Temporary Works Coordinator
(later the Falsework Coordinator in the Code of Practice). More details of the
procedures and role of the Coordinator are described in Part 3, but in the Bragg report

and the draft Code of Practice (see below) the role of the Coordinator is delineated

closely.

To implement the recommended procedures, perform the role of coordinator and
Incorporate and disseminate relevant technical knowledge requires training. The Bragg
report prescribes training of personnel ranging from falsework designers to operatives.
The Construction Industry Training Board (C.I.T.B.), the Cement and Concrete
Association (C.& C.A.) and suppliers’ and contractors’ organisations responded but the
effects were minimal (see Appendix L). The committee clearly felt that the perception
and respectability of temporary works should be raised and suggested that falsework

should be a compulsory component of all education courses in civil engineering and
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architecture and part of the Institution of Civil Engineers training scheme. There was

also need for a handbook and a textbook on falsework in order that the body of

knowledge could be identified.

It has been mentioned earlier that the committee recognised the problems due to the
traditional contracting system used for construction in the United Kingdom (and
elsewhere) and whilst it respected and understood the views of the client and consulting
organisations it was nonetheless critical of their role and attitude to falsework. There
were still duties under common law and statute and these should be made clear to the
participants. It supported the use of statute law and called for similar rules as are
applied to access scaffolding (via a compulsory register) and that Government should

insist upon fully trained, certified operators and site personnel on all of its contracts

involving falsework.

The Code of Practice

At the same time that the Bragg committee was carrying out its investigations and
reporting its recommendations, the Code of Practice Committee was pursuing the
lengthy process of drafting a Code of Practice for Falsework. Work began in 1973, a
draft published for comment in August 1975 (1975) leading to the publication of the
final code BS 5975 in March 1982. It was intended that much of the philosophy and
scope of the Bragg inquiry would be incorporated into the Code of Practice. The
process was facilitated by appointing as Chairman of the Code Committee, the
respected C. Wilshere, who was also a member of the Bragg committee. To expedite
writing of the draft code this work was let on a Department of the Environment

contract to another leading practitioner, D.W. Quinion.

The resulting draft Code of Practice was swiftly prepared and was a most

comprehensive document.

Much of the thinking by the Bragg committee was incorporated into this draft; in

particular the need for formalised procedures and the appointment of a Temporary

Works Coordinator. It is also suggested that the permanent works designer should
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nominate a structural designer to oversee temporary works. The requirements for
competence of staff and operatives and the responsibilities of the temporary works
coordinator, designer and supervisor are described in considerable detail echoing the
sentiments of the Bragg committee and given precise setting in actual work situations.

As a Code of Practice these organisational and indeed managerial prescriptions broke

new ground and were quite ambitious.

The bulk of the draft code was a design handbook which included reference to other
branches of design, for example the determination of earth and wind pressures,
foundation loading and so on. The intention was that the resulting Code of Practice
could be used by a wide range of personnel who did not have access to libraries or
computing facilities; to these ends standard situations were included. This drew
criticism from engineers who claimed that this led to some elements of design such as
geotechnics being trivialised and over-simplified. The draft code (and subsequent
code) also included reference to workmanship standards, and tolerances. It was noted
earlier that the Bragg committee drew attention to horizontal loads caused by
workmanship standards. Where these horizontal loads could not be estimated then a
figure of 3 percent of the total vertical load would be used in assessing local or overall
lateral stability. This figure was carried through to the draft Code of Practice and
subsequently reduced to 2.5 percent in the final code; it was expedient to do this to
match up with the requirements for node stability and the Code of Practice for Steel:
B.S.449 (1969). The derivation for the value 2.5 percent used for node stability is

obscure and is discussed by Medland (1977) in relation to column bracing.

There was a great deal of confusion and discussion over what standards of
workmanship should be assumed in design or prescribed in a Code of Practice. For
example, the work by Birch et al for C.I.R.ILA. (1971,1977) pointed to serious
problems.They reported that safe load recommendations for props derived from existing

tests did not reflect the loading conditions and workmanship standards on site.
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The Building Research Establishment was persuaded to assist the code committee and
commissioned a study by Tarmac Construction Limited (Quinion and Ward 1975) to

investigate standards of workmanship of falsework.

"This investigation was commissioned to examine the practices and
results achieved by a variety of contractors of different size and
technical capability and on a variety of types of falsework. The aim is
to identify current practices and to gain an indication of where deviation
occurred from good and satisfactory practice. In the Code of Practice
it is intended to draw particular attention to all the items which should
be checked before the safe and proper use of falsework. The code must
establish the maximum acceptable deviations which can be safely
permitted from the strict requirements of the design. These tolerable
deviations must have a relevance not only to the safety of the falsework
but also the ease and economy with which it can be erected and
satisfactorily checked."

(pg. 3 B.R.E. report).
Their report published in September 1975 coincided with and was used in formulating
standards and tolerances in the draft. This report also draws upon data from the

C.LLR.ILA, studies, which carried out inspections of forty sites.

These tolerances and standards which were eventually incorporated in BS 5975 are
discussed in the next chapter. It should be noted that Tarmac’s research was hindered
by the very fact that they were a major contractor and there were commercial problems
of inspecting competitors’ sites. They relied upon the cooperation of other interested
companies. In the main the forty two sites were drawn from their own or from four
or five large contractors with links with either the Code or Bragg committees.
Frequently the standards reported were the result of several checks and where remedial
action had already been taken. The standards of workmanship thus reported therefore
represent largely the best that could be achieved and what could be striven for; but the
survey nonetheless confirmed the type and severity of error that could be found. It is
fair to say that the only design parameter that was linked to any statistical treatment

of workmanship was that relating to adjustable steel props and the C.I.R.I.A. studies.

The early seventies was a fruitful period for research which was incorporated into the

draft and subsequent Code of Practice, for example the work of Holmes (1979), and

Lightfoot (1976).
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After a long period of consultation and comment the Code of Practice BS 5975 was
published in March 1982. Reference should be made to the paper of Wilshere (1982)
and subsequent discussions (1983b,1983¢) for an indication of the flavour of the debate

that took place during and after the publication.

The drafters of the Code certainly faced the problem of treating a wide variety of

falsework types erected in a variety of locations by fragmented temporary organisations.

"The Code should cover all but the most infrequent applications of
falsework and the assembly of the components should take place to
standards of accuracy related to the working performance of the
members, irrespective of the nature of the work to be supported. Since
similar members are used in most types of falsework and there 1s no
justification for applying different standards of accuracy in the erection,
the Code recognises only one class of falsework, but that it could be

used by organisations of differing sizes, competence and technical
capability.”

(extract from lecture given by Wilshere, October 1985).

The Code broke new ground by giving guidance on how to deal with falsework as a
total entity. On the one hand it serves a comprehensive handbook of design, repeating
data from other sources and British Standards, and provides standard solutions. This
facilitates design to be performed on site by a variety of personnel. On the other
hand, and in this respect the Code was quite unique in its approach, it describes the
falsework process and organisation and prescribes management action in the form of

formal procedures and the appointment of specific personnel, i.e. the Falsework

Coordinator.

These procedures and responsibilities suggested by Bragg and detailed in the draft
Code were severely diluted in the final Code owing to various political and legal
reservations expressed for example, by B.S.I., I.C.E. and the Department of Transport.
Much of Appendices J and F appearing in the draft Code disappeared, along with

references to the permanent works designer and the Health and Safety Executive.

For reasons of commercial confidentiality and continued innovations in design and

manufacture, the Code could only offer broad recommendations on the use of
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proprietary systems. Analysis later shows that this is still a problematical area in
disseminating design and required workmanship standards to sites.

After the publication of the Code of Practice, interest in falsework appeared to wane.
The climate in the industry changed. The dramatic collapses of the sixties and
seventies were not repeated, and received less attention; although accident figures in
the United Kingdom worsened and have not improved. There is no need here to
discuss the appalling record of the Construction Industry regarding safety. Statistics are
widely available from the H.S.E.(1986) and are reported, in many journals from the
New Civil Engineer (1987) to the Nursing Times (Jones 1986), which make disturbing
reading. The situation in the past decade (where workload and employment decreased)
has got steadily worse. Of interest to this study is that typically 70% of fatal accidents
are due to falls of men or materials,(H.S.E.1986,1988). During the time of the
preparation of the Code of Practice, certain members of the industry feared their
reputation was being eroded, and feared the draconian rules being proposed by the
newly formed H.S.E. As a result a number of the larger contractors formulated very
comprehensive temporary works policies between 1974 and 1975 (samples appear in the
Appendix) which detailed procedures and responsibilities of the temporary works
designer, supervisor and coordinator. These threats, however, did not materialise and
the subsequent Code of Practice was not made an approved document by the H.S.E.
(This is due to the management content included in the Code). The H.S.E. has severe

resource problems but it is likely that in the near future renewed efforts may be

targeted on offending falsework sites.

The_effects of Bragg and Codes of Practice

It was noted earlier that Bragg recommended comprehensive training courses for
designers, supervisors and operatives. Organisations such as the C.I.T.B. and the C.&
C.A. responded quickly to a perceived demand and devised a series of courses. The
actual takeup by industry was extremely low (Chapter 19). Falsework is included as
a compulsory element of the training under the Scaffolder Certification Scheme

(C.LLT.B. 1979), however the majority of trainees and certificated scaffolders work in

access scaffolding,
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Government contracts for the Department of Transport (DTp) began to incorporate
'Clause 8A’ checks, referred to earlier, whereby the design of significant elements of
falsework were to be checked by an independent source. Such procedures were
welcomed by Bragg. However as Wilshere(1983c) points out in his article in Concrete
(May 1983) such arrangements may lead to a further blurring of legal responsibilities,
rising professional indemnity insurance premiums and not, if the experience of the

‘prufingenieur’ system in Germany is much to go by, a prevention of catastrophes.

An unofficial study made by the H.S.E. of 70 sites in 1985, indicated that problems in
workmanship were occurring relating to eccentricity of loading, verticality and
excessive spans and that 25% had no designs. Studies by the author, commencing in
1983 also confirmed these findings. There was still cause for concern but this was
restricted to those practitioners in the falsework industry, the designers in contractors
and suppliers and the H.S.E. and Trades Unions personnel. They gave their unqualified

support to the subsequent S.E.R.C. proposal in 1984.

Conclusions

This chapter has addressed the relevant literature and studies which highlight the

concern about falsework construction and the problems of quality and safety.

Some of these problems arise from the lack of technical knowledge, or more correctly
lack of dissemination of the knowledge already available. ~ The technical
recommendations of the Bragg and Code committees on, for example, lateral stability
and horizontal loads have been discussed. By far the greatest contribution to the
problem of quality of falsework construction was recognised to be an organisational
one. The opinion of many practitioners in the industry was that quality standards were
still unacceptable. There was support, therefore, for a study which assessed the levels
of quality being attained on sites and the type of organisational control that was being
exercised. The first, fundamental task was to obtain a measure of the quality

standards. The applicable tolerance requirements are discussed in Chapter 4.
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CHAPTER 4

Standards of Workmanship and Design Assumptions

Introduction

This chapter addresses the standards of workmanship and tolerances listed in the Code
of Practice and their derivation. These are supplemented by knowledge of the
proprietary systems and construction practices and are presented in a comprehensive list
which appears as an appendix to this chapter. The list forms the basis for the checking
and subsequently the scoring of quality of workmanship. Figures are presented but in

the event of confusion over terminology the reader is directed to the glossary of terms

in the appendix.

The design of falsework assumes certain workmanship standards and loading conditions.
The concern of this study is to determine whether these standards are attained on site.
The studies reported in this thesis were performed to assess the degree to which
standards of workmanship advocated by the Code of Practice, and other studies, are
being adhered to; and the degree of conformity or acceptance of some of the design
requirements (in particular those of stability). Furthermore, these studies examine the

organisational factors that determine the quality of workmanship.

Firstly, it is necessary to discuss some of the design recommendations made in the

Code of Practice.
Design

Falsework is normally designed so that individual members do not fail since this could
lead to a progressive failure or collapse, and even if it does not, it is likely to lead to
local deformation which may have to be remedied, thereby incurring economic loss.
Prime consideration is given, of course, to the overall stability of the structure, and the

concerns of the Bragg and Code committees on the prevention of lateral instability due
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to horizontal forces are given high priority in the Code of Practice. Falsework design
is based upon deterministic, permissible stress theory; information necessary for a
probabilistic or limit state approach is not yet available and bearing in mind the wide
variety of very temporary, highly indeterminate structures, limit state design is unlikely
to be thought warranted in the future for all but the largest structures. A factor of

satety of two is normally used in the design.

Clause 41.2.1. states that:-

"the maximum allowable construction tolerances should be taken into
account in the final design."

Also as reported in Chapter 2,Wilshere states that any design must

"apply the same standards,.....irrespective of the nature of the work to
be supported."(Wilshere 1985)

In other words bad workmanship cannot be sanctioned even in situations where it will

not lead to problems of collapse or quality of concrete finish.

The derivations of the tolerances will be discussed below; for the moment one

particular feature, Clause 42.1.3.2. which relates to forces resulting from erection

tolerances, will be addressed.

"the acceptable erection tolerances in nominally vertical members.....result
in horizontal reactions.”

The clause goes on to mention moments induced by eccentric loading.

This leads on to the whole notion of lateral and local stability and the whole of Clause

43 1s devoted to lateral and local stability and the provision of bracing, lacing, or tying

in to transfer horizontal forces.

Clause 43.4.1. states that falsework should be designed to resist at each phase of

construction, the applied vertical loads and the greater of either:-......
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a) horizontal loads equivalent to 2.5% of the applied vertical loads (reduced from

the 3% figure advocated by the Bragg Committee) or

b) the known horizontal forces that can result from, for example, wind, concrete
pressures plus those due to impact plus those arising from erection tolerances,

(normally taken as 1% of the vertical loading).

Clause 43.4.2. refers to the bracing and lacing requirements to resist these forces.
Such bracing will normally satisfy Clause 43.4.3. which details the bracing necessary to
maintain the node point positions for struts. Where stability is derived from tying in
to parts of the permanent structure, bracing and lacing may still be necessary to
stabilise the strut at the node points and validate the assumptions made in determining

the effective lengths of the struts given in Clause 46.2.

These rules for the determination of effective lengths can lead to severe restrictions on
the local capacity of cantilever projections and where nodes cannot be restrained in

position or direction.

Clause 45.2. relates to independent towers and the need for bracing and lacing between
towers to overcome horizontal forces, notional or otherwise. Discussion amongst
practitioners subsequent to the Bragg committee and during the comments stage on the
draft Code of Practice and the subsequent inclusion of this clause has meant very few
designs incorporate tower systems. The only tower systems supplied today are the
heavy duty, fully braced military trestling systems, purpose designed structures and
rigid heavy duty alloy towers (see plate number 5 chapter 2). In the rest of Europe and
the US.A., energies are still concentrated on developing heavy duty proprietary tower
systems, as opposed to ’pocket’-type systems.

The assumptions of good workmanship could be summarised as being based upon
choice of good materials, tight connections near to node points (thereby not inducing
moments), good fixity at the top and bottom with minimum eccentricity, and
reasonably vertical and horizontal frame members. It is the requirements of lateral and

local/node stability which are least likely to be understood or accepted by the
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construction and perhaps the design personnel. The majority of practitioners accept the
need for lateral stability, but frequently point to the inherent rigidity of the structure
and fixity of the decking, which may provide horizontal restraint against walls and
columns for example. This rigidity cannot be legislated for in the Code but leads to
some erection personnel deriving their own measures to assure lateral stability. The

provision of adequate node stability is an even more problematic issue.

Many designers, simply following in-house design procedures, are not fully aware of
the reason for considering node stability and local stability of webs of beams for
example. Many site personnel would take some convincing of the need to provide
bracing in structures which are fully tied at the top, unless the structure felt inherently
unstable and 'live’. They are not usually aware of the sometimes drastic reductions in
load carrying capacity caused by lowering the top level of lacing to facilitate access.
The construction personnel are frequently sceptical of the designs which incorporate
masses of bracing and lacing assuming that it is another commercial ploy by the
supplier to derive extra revenue. In fact although some over design may be likely due
to the modular design of systems, the suppliers exist in a highly competitive

environment and are unlikely to risk losing an order by stipulating extra equipment.

These requirements for stability are also likely to be variably accepted by different
work groups. Scaffolders erecting independent access scaffolding are aware of the need
for bracing, but may relax their standards on falsework; on the other hand joiners used
to erecting timber or adjustable steel props in ’closed’ buildings may not accept or be

aware of the need. The designer or checker has always to counter the statement that:

"This is how we’ve always done it and we’ve never had a collapse.”

What is important, of course is that the probability of collapse is increased when
standards of workmanship deteriorate. It is in these areas of lateral and local stability

where the requirements of the Code of Practice are least likely to be understood and

accepted by site personnel.
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Derivation of Code Tolerances

Before dealing with the tolerances in detail it is apposite to discuss the derivation of
these workmanship standards and tolerances so fundamental to design and in any
assessment of quality standards on site. The standards are derived from studies such
as that sponsored by the B.R.E.(Quinion and Ward 1975)and C.I.R.LA.(Birch et al 1971,
1977) and what practitioners believe to be normal or reasonable ’'trades practice’.
Sometimes this trades practice is embodied in company brochures or training courses
or as empirical rules in British Standards, for example the empirical rules for bracing
in BS 5973 (1981) and many brochures. It was noted earlier in Chapter 3 that the
B.R.E. study did not describe the range of workmanship to be encountered on sites but
the best standards that could be achieved, and so the standards advocated in the Code
and the resulting design assumptions can in no way be described as being based upon
statistical, probabilistic, analyses. The safe working loads recommended for adjustable
steel props (Clause 23.6) are related statistically to workmanship in the form of
eccentricity and verticality (Clause 49.2.2.) and distribution of loading drawing upon
the studies of Birch et al for C.LR.ILA. (1977). The standards of workmanship

prescribed in the clause are "a maximum eccentricity of 25mm and verticality within

25mm in 1 metre.”

To a certain extent load capacities for tube and fittings (Clause 22) are related to

workmanship (Clause 49.2.3.) using the work of Lightfoot (1977) among others.

The tolerances used for the erection of tubes and fittings (Clause 49.2.3.) are largely
based upon the trades practice of scaffolders and what they can achieve in terms of
access scaffolding (see BS 5973 (1981)). The tolerance of 25mm eccentricity is based
upon loading applied to ledgers in access scaffolding, site practices (eg. B.R.E. study)
and again the work on props by C.ILR.I.A. The modifications on effective length
(Clause 46.2) has already been discussed but it is an area where the designer’s
intentions must be clearly transmitted and adhered to. The requirements for verticality
to be "within 15mm over 2 metres height subject to a maximum displacement from the

vertical of 25mm" are far more severe ( over three times) than those for props. It is
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to be presumed that the safe working load of tube scaffolding assumes the standards
of Clause 49.2.3.; and that operatives are capable of achieving the standards.
Scaffolders usually erect tube and fittings and it is implicit that they are either more
careful or competent than those erecting adjustable steel props; or that the trade
practice of erecting adjustable steel props adopts different standards. Personal

experience suggests that it is more difficult to erect props than tubes and fittings.

For the reasons that they are constantly changing, have a variety of types and load
capacity, commercial confidentiality and legalities, the Code of Practice does not
stipulate detailed erection tolerances for proprietary systems. Manufacturers must
perform necessary tests (Clause 23.2) as described in Appendix C in the Code of
Practice in order to establish that their systems conform to the Code’s general
requirements for loading design and so on. Appendix C does not detail particular tests
but offers vague guidance in the form that the tests should reflect the loading
conditions and erection standards likely in a certain application on site. There are no
universal testing criteria therefore applicable to all manufacturers. The manufacturers,
in the author’s opinion, should stipulate in brochures and drawings any particular
workmanship standards necessary or assumed. Such information is normally absent,
therefore for the purposes of this research: the workmanship standards prescribed in the
Code of Practice for tube and fittings will be assumed to apply to the use of proprietary

systems in the analysis of quality reported in this thesis.

It may be possible that equipment capacities claimed by suppliers may be achieved
under conditions of greater eccentricities, out of plumb or cantilever projections (for
example jack extensions); on the other hand, tolerances used in the testing of
assemblies may be unreasonably small as was the case in the C.LR.LA. studies.
Hitherto, tests on adjustable steel props were carried out upon concentrically loaded,
vertical members. Thus the factors of safety on the safe working load (S.W.L.)

determined from such tests were severely eroded to almost unity, when props were
erected to the standards of workmanship found on sites. The studies for C.I.LR.LA.

resulted in revised B.S. tests for props and the derivation of S.W.L., which reflected the

loading and workmanship standards on site.
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It is often claimed that systems are ’idiot-proof’ in that they can be easily assembled
to the required standards of verticality and horizontality, or that features such as
eccentricity are obviated 'by design’, using proprietary decking beams or
'trigger-braces’. This study will show (Chapter 8), that the standards for proprietary
systems assumed in this thesis can be achieved. There is no umiversal acceptance
however, that these standards are necessary. It is sometimes presumed that the erection
of proprietary systems requires different and lower levels of competence (body of
knowledge). The tolerances in the Code of Practice reflect the overall standards of
workmanship that can be achieved by competent personnel. There is implicit,

therefore, an assumption of some level of competence in the Code recommendations.

Training is necessary to achieve or continue this assumed level of competence and
although the Code of Practice makes no mention of it, the draft Code and Bragg

reports make specific recommendations on training of the workforce and their

supervision.

Workmanship standards cannot be changed depending upon the type of system, unless
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