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ABSTRACT 

The research reflected in this thesis is concerned with the 

investigation of "buildability" or, the effect that the 

design aspect has upon the construction process. It is 

intended to promote a greater understanding of buildability 

both in terms of its theoretical concept and practical 

application. 

The programme of research is a natural progression to a 

series of f productivity studies carried out by the Construction 

Research and Co-ordination Division of the Scottish Develop- 

ment Department, the Scottish Division of the National 

Building Agency and the Building Research Establishment. 

These studies, which began-in the early 1970's, have 

investigated ways of reducing the time taken to build 

-traditionally designed houses by rationalising the process of 

building and by improving the communication of the various 

specialised disciplines involved. 

Since these housebuilding studies, attention has been directed 

towards applying the principles established to other build- 

ing types. Of particular interest are those building types 

for which a continuous building programme is assured. Such 

-1 application allows the possibility of longer term benefits 

accruing through continual refinement of the design. 
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In 1979, the Scottish Development Department was commissioned 

by Lothian Health Board to design a phased health centre 

development at Wester Hailes, Edinburgh. This project 

constitutes the practical, case study for this investigation 

into buildability, with the primary objective being to 

incorporate the findings from earlier analytical studies 

investigating housebuilding productivity into a live project 

of a different nature. Its intention also, is to develop aware- 

ness beyond the narrow aspect of productivity towards a 

broader attitude of identifying and understanding those 

factors which significantly influence the achievement of 

better buildability and increased productivity. 

To evaluate the success of this application, the construcCion 

phase was monitored using modified activity sampling techniques. 

Although analysis reveals findings which may be unique to the 

Health Centre, certain characteristics emerge to quest-ion the 

general principles of buildability suggested in previous 

empirical studies. The main conclusions may be summarised as 

follows : 

There is little evidence to support -L-. he theory that 

design rationalisation is a major influence upon 
increasing productivity and achieving better 

buildability in relation to traditional design. 
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2 Empirical studies conducted by the S. D. D., B. R. E. and 
N. B. A. have suggested that it is possible to transfer 

any potential influence towards increasing productivity 

%A - direct from housing -Ito other forms of construction. 
There is little evidence that this was the case with 
the present project. 

3 In empirical studies, too great an emphasis has been 
placed upon collecting and analysing purely 
quantitative data to support manhour expenditure rather 
than obtaining evidence to explain the factors which 
govern that expenditure. 

4 Managerial aspects are identified as maintaining the 

greatest influence to increasing produc-Civity and 
achieving better buildability. 

5 Managerial capability can overcome inadequate design 
but, a well rationalised design will not overcome 
inadequate management. 

6 Ad-hoc managerial procedures are equally as important 

as planned management in achieving project success 

when the construction sequence becomes divergent from 

the programme. 

7 With management representing a key factor in achieving 

better buildability and increased productivity, future 

contractual procedures need to be developed which 

encourage managerial capability to be used to its fullest 

extent throughout the building process. 

ix 



INTRODUCTION 

The C. I. R. I. A. report, "Buildability : An Assessment", 

published in 1983, reviewed their investigation into the 

major problems of current construction practice. Interest 

was expressed to the little known concept of "buildability", 

suggesting that present designs were not providing value for 

money in terms of the efficiency with which the buildinq pro- 

cess is carried out. The principle objective in formulating 

the research was to promote awareness amongst designers of 

the implications of their designs upon the construction process 

And moreover, to recognise significant aspects of design which V 

would enable the building contractor to provide the client 

with better value for money. 

Although many definitions of buildability exist, the most 

appropriate description is: 

"The extent to which the design of a building 

facilitates ease of construction, subject to 

the overall requirements for the completed 

building. " 

Good buildability suggests that the architects' conceptualisa- 

tion of the building displays, through his desJLgn, some degree 

of empathy for the on-site construction process. Conversely, 
.4 .4 

poor buildability is generally associated with difficulties 

occurring as a result of inadequacies in the design. 

1 



Although it is appreciated that buildability may be influenced 

by many diverse factors, the major contribution towards 

achieving good buildability is recognised to lie in those 

aspects which fall within the influence or control of the 

design process. 

Buildability is considered to be a direct consequence of the 

architects' design decisions and accordingly, the primary 

objective of research is to identify those factors in the 

design of the building which have an impact upon site construc- 

tion techniques. 

The majority of research into buildability-concerns produc- 

tivity assessment of building design which has interests parallel 

to those of buildability. Interest has been directed 'towards 

one significant aspect of buildability, that of design 

rationalisation and its effects upon traditional forms of 

construction. 

A number of research studies undertaken in England and Scotland 

since the early 1970's have promoted interest- in the investiga- 

tion and improvement of the U. K. housebuilding industry. 

Original awareness followed the publication of the Sidwell 

Report in 1970 which examined the relative costs of traditional 

housebuilding in England and Scotland and, highlighted that 

Scottish housebuilding costs compared unfavourably with those 

in England. Lower productivity was suggested to be a major 
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influencing factor. Although subsequent studies presented 

evidence to refute this claim, certain principles became 

apparent to indicate that a greater appreciation of the 

implications arising from a design could positively benefit 

towards improved productivity and established the requirement 

for more detailed investigation. 

Since the late 1970's, there has been considerable interest 

in extending the principles established in the housebuilding 

studies to other forms of buildings. Moreover, it is 

recognised that the need exists for research of a practical 

nature to examine in practice how the implications of particular 

designs affects the assembly process on site. In pursuing 

these aims, the most recent study and, that which represents 

the case study for this thesis, concerns the investigation of 

design rationallisation for the new Wester Hailes Health Centre 

near Edinburgh and the effect this has upon buildabi-lity and 

4 ty. productiv. 

The concept of buildability is presently only in its evolution- 

ary stages of development with research in recent years and, 

also current investigation, only beginning to understand its 

true direction. Whilst retaining the practical nature of 

past empirical studies, the research iS directe--d towards both 

the technical aspects of buildability, which is of present 

concern to the construction industry, and considers also, the 

broader aspects and deeper implications of its application. 
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1. THE PROBLEM OF BUILDABILITY 

1.1 INTRODUCTORY VIEWPOINT 

A mainstream of opinion within the construction industry 

suggests that the traditional division between the design 

aspect and the construction phase of the building proce-as 

is primarily responsible for the lack of buildability of 

present construction projects. Furthermore, it is considered 

to be a significant influence upon the rising cost of U. K. 

construction projects in comparison wit-h It-hose of other 

countries. 
v 

There is an increasing emphasis upon gaining a more concise 

ference understanding of design criteria, to reduce the dif. 1- 
between design, and the construction phase, in the gradual 

pursuit of simplifying, and increasing the efficiency of the 

overall building process. 

Design analysis represents a conscious attempt to identify 

those factors in the design of a construction project which 

have, an impact on the site construction techniques. 

Repeated use of a design highlights potential weaknesses 

and difficulties which through design analysis may be 

eliminated to provide a sound prototype upon which future 

designs may be developed. 
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1.2 PROBLEM IDENTIFIED 

In 1979, C. I. R. I. A. (1) 
embarked upon a research programme 

to investigate and identify the major problems of current 

construction practice. Interest in this research area 

focused upon "buildability", identifying that present designs 

were not providing value for money in terms of the efficiency 

with which the building process is executed. The principle 

consideration of the research was the promotion of awareness 

amongst designers of those significant aspects of design 

which would enable the building contractor to give the client 

better value for money. 

"Sufficient has been written to demonstrate 

how likely it is that we will not devise 

one definition of buildability, let alone 

one road to this attribute of building 

practice. Some practices may reduce the 

task of design and the complexity of project 

information, others may make site processes 

more simple, or quicker, or cheaper, or a 

combination of these, others may make build- 

ing designs and construction less error prone 

and so on .......... 

Whilst we are unlikely to unearth a loadstone, 

we may find a strategy or strategies which 

could yield some or possibly most of the 

objectives that might be attained providing 

we first determine and def. Lne what those 

objectives might be and lChe criteria by which 



performance may be assessed. " 

Bishop (2) 1983. 

1.3 BUILDABILITY DEFINED 

It is evident that buildability may have a number of defini- 

tions depending upon the context of its direction. Neverthe- 

less,, C. I. R. I. A. propose what they believe to be an accurate 

definition of buildability as. 

"The extent to which the design of a building 

facilitates ease of construction, subject to 

the overall requirements for the completed 
building. " 

Good buildability demands that the design of a building 

inherently considers how the building is to be constructed, 

whilst poor buildability signifies potentially dysfunctional 

aspects in the construction sequence. 

Although it is appreciated that buildability is influenced 

by many organisational, technical, managerial, and environ- 

mental considerations, the major contribution is recognised 

to lie in those factors which fall within the influence or 

control of the building designer. 

Buildability may be considered to be a direct consequence of 
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design decisions. Accordingly, the primary aim of research 

into buildability is to identify those factors in the design 

of a construction project which have an impact on site con- 

struction techniques. 

The definition of buildability presented by the C. I. R. I. A. 

study group is considered to have two definite implications. 

The first of which is that "buildability exists on a scale 

from very good to very bad". The provision of good build- 

ability demands that the design appreciates in detail the 

methods and conditions under which the building will be 

constructed, and that the design can be practically and 

efficiently executed. In contrastf poor buildability 

signifies that the design itself complicates the construction 

process. 

The second implication recognises that "every building has 

overall requirements which may necessitate the acceptance of 

less than very good buildability. " The certainty of the 

requirement for quality or appearance will conflict with the 

criteria for buildability, perhaps diminishing the Tnost 

positive attributes of buildability's implementation. 

Buildability, as a word, is of recent origin indeed, a 

-fashionable word, focusing upon the idea of design- currently .- 

ing explicitly for the ease of construction. It emphasises 

t -site , -he rationalisaition of design elements to improve on 

7 



productivity. However, making a building easier to build or 

increasing productivity are not its only aims, as the building 

must be constructed to a pre-determined time schedule and 

within the envisaged costs. 

It is important 4k--o appreciate that a building is likely to be 

conceived in a number of ways by different individuals and so 

buildability invites the consideration of a multitude of 

fundamental variables including the site conditions, the 

: operations, the utilisation of resources and the sequence o-. f.. 

like. The manipulation of factors such as speed of con- 

struction, or costs incurred, may well affect the finished 

product, so designs must be formulated toward encouraging 

a more buildable building without detracting from the 

required standards for the finished product. 

In simplistic terms, the more standard the design and the 

more standard the building components, the more buildable 

should be the resulting construction. Although it suggests 

the use of standardisation is preferable, it is by no means 

essential or even practical. 

Buildability has likely associations with standardisation 

because in many instances it resolves organisational problems. 

Buildability, or perhaps more precisely, one of its principle 

aspects "design rational-JILsation", in practice attempts to 
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identify the significant parts of the design which affects 

site construction techniques, and in so doing exerts a con- 

siderable influence upon the productivity of the input 

resources. 

Buildability must function within a predetermined set of 

constraints imposed by the traditionally accepted technology 

so it essentially utilises the traditional deployment of labour 

resources and a limited degree of mechanisation. 

It is within these broader parameters that the prec. 4ise defini- 

tion of buildability should be clearly interpreted. 

1.4 POSITIVE BUILDABILITY 

The-C. I. R. I. A. definition of buildability is directed towards 

the ease of construction which suggests: a planned construc- 

tion sequence, a flow of events, smoothness, co-ordination, 

simplicity, reduced defects and errors, or increased speed. 

Benefits might be expected through improved management 

techniques, improved resource utilisation, and more effective 

communication. Invariably, anything that makes the building 

easier to construct is considered to be "good buildability". 

"Bad buildability" can therefore be viewed as anything which 

presents some discontinuity to the building sequence. 

However, buildability is not a naturally occurring phenomenon, 

it is something which has to be purposefully contributed to 

9 



the design. Neither good nor bad buildability is inherent, 

but must be consciously imparted to the design of the build- 

ing. 

It is,, therefore, reasonable to presume that both good 

buildabili4L-. y and bad buildability will have a fundamental 

influence in det-erimining the level of productivity achieved 

by construction site resources. 

., Lewed f rom a broader perspective, good buildability may be NN 

of great financial benefit to the client. Similarly, it 

may determine lower costs for the contrac-1.6. or through a 

rationalised. and systematic constructional approach and may 

reduce design costs through simplified design consideration 

and preparation. 

1.5 RESPONSIBILITY 

It may be questioned who may contribute towards buildability. 

A doubting finger is invariably pointed at the architect as 

if the designer could only have paused to consider the build- 

ing process more definitely it may have been designed 

differently. This will always be a matter for retrospective 

conjecture ........ 
However,, it is more certain that build- 

ability is the shared responsibility of all those disciplines 

who combine to create the multi-disciplinary building team 

recognised in the U. K. construction industry and not the 
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individual responsibility of the design team. 

Generally, designers have certain information available to 

them at an evolutionc-ary stage such as a project brief, tint e 

schedules, quality and cost determinants, yet this disregards 

vital information which the contractor may possess at the 

design stage and which is, therefore, not utilised in the 

design process. This includes managerial capability, know- 

Ledcre of craf t practices, knowledge of resource utilisation 

and awareness of the technical complexity. There is 

increasing awareness that the building contractor can 

significantly contribute to the improved design of r the build- 

ing by expressing knowledge of the technical aspect of the 

construction process. Consideration of the problem of 

buildability within the construction industry has suggested 

that architects must become more aware of both the cons,, --ruc- 

tion and cost implications of their design decisions. 

This may only be realistically achieved in practice if the 

con. tractor is consulted early in the design formulating 

process and encouraged to contribute his specific construc- 

tion expertise when it may be most effective. 

J-he quantity su-,, -%, eyor may be consulted when developing T 

design criteria. The surveyor must have an awareness of 

what the architec-;, -- intends in the design since the surveyor 

must be able to measure the work accurately and cost it 

accordingly, to avoid discrepancies at the tendering stage. 

1] 



Ambiguity in this respect may subsequently lead to delays, 

extension of time applications or claints during the con- 

struction phase. 

Of significance to the client may be broader aspects such as: 
the maintenance requirements of the building, its life cycle, 

running costs, and similar considerations, which represent 

the applied understanding of buildability from the user's 

viewpoints. 

1.6 WHY THE PROBLEM EXISTS 
v 

It is all too easy to suggest that greater levels of pro- 

ductivity may be achieved if the buildability of the construc- 

tion project is improved. Yet, there are a number of 

inherent problems encountered in the pursuit of this objective, 

particularly within the U. K. industry. 

Firstly, by tradition there is a considerable division bet- 

ween the design processes and the builder. This creates a 

"them and us" situation preventing favourable combination of 

their individual expertise. Secondly, the traditional build- 

ing process automatically separates design from the building 

--hrough contractual barriers. In the U. K. the function -I,. - 

inevitable "Standard form of building contract" demands an 

instant division of the parties, thereby creating thoughts 

which focus upon competition and not teamwork. 

12 



Thirdly, the use of traditional tendering procedures creates 

natural separation which instantly splits the design aspect 

from the construction function. Additionally, there is 

likely to be a distinct lack of incentive on the part of the 

builder to develop a beneficial designer-builder relationship, 

as within the current economic climate future work continuity 

cannot be assured. C. I. R. I. A. in their review proposed that 

the problem of buildability existed: 

"probably because of the comparative isolation 

of many designers from the practical construc- 
tion process. The shortcomings as seen by 

the builders were not the personal shortcomings 
-F of particular people, but of the separation o. 

the design and construction functions which has 

characterised the U. K. building industry over 

the last century or so. " 

1.7 ASSESSMENT 

The practical implications of buildability are perhaps 

appreciated most by builders themselves through their con- 

struction experience. However, positive attributes of 

buildability are a direct consequence of design decisions 

taken by the architect. To narrow this division, methods 

by which good buildabilily may be implemented into the 

design process at an early stage in the construction process 

must be identified. 

13 



A practical approach would be the utilisation of a contractual 

procedure which allows the building contractor to become an 

integral part of the construction project team- at its 

evolutionary design stage. It would then be possible for 

the builder to contribute a specific buildability view within 

the context of the total design-construction process. The 

idea has functioned well in other countries but there is 

some evidence to suggest that within the U. K. construction 

industry that most contractors do not have sufficient aware- 

ness of buildability criteria to support a design-orientated 

contribution. 

If the designer-builder interrelationship cannot be developed 

to meet these demands then more general conceptual principles 

must be presented which may be appreciated by almost any 

design, essentially forming "guidelines" to bu-J-1dability. 

It is appreciated that buildability retains both broad and 

specific areas of interest. There is the wholly technical 

issue of recognising principles of the positive attributes 

U4 of b Lldability, and then concern with the appreciation of 

tendering and pricing issues. Moreover, there are the 

broader issues of understanding buildability in the context 

of the whole construction industry and assessing the con- 

tribution of buildability to its ever changing technological 

environment. 

14 



At this stage in the evolutiOiAary understanding of build- 

ability, primary concern is expressed towards increasing 

awareness of its technical nature and, although it is fully 

appreciated that its contribution to industry cannot be 

immediate, research into buildability wi-ll develop towards 

-standing of -- a more comprehensive unde, k-he problem. 

Two extreine]-y j-ml: )ortan4. - points concerning buildability 

represent the suirmarised concluding viewpoint by C. I. R. I. A.: 

#I When good buildability has been adequately 

defined and developed, it leads to major 

benefits for clients, designers and builders. 

The achievement of good buildability depends 

upon both designers and builders being able 

to see the whole building process through 

each others' eyes. " 

I 



Chapter 2 

A Review of Empirical Studies 



2. EMPIRICAL STUDIES 

2.1 INTRODUCTION 

The review of literature introduces a summary of technical 

building notes based on productivity studies undertaken by the 

Construction Research and Coordination Division of the Scottish 

Development Department (S. D. D. ) . the former Naltional Building 

Agency (N. B. A. ). and the Building Research Establishment 

The research studies have essentially investigated 

methods of improving the levels of construction site pro- 

ductivity in the sphere of traditional housebuilding through,, 

methods which have been termed "design rationalisation". 

The review makes strong reference to a number of studies 

measuring and evaluating the extent of labour resource 

expenditure on housebuilding sites in England and Scotland. 

The studies identify the techniques which have been implemented 

in several applied research sites in Scotland and concludes 

that,, without departing from normal contractual procedures, 

normal public sector requirements for variety in housing, or 

from the traditional building techniques, improvements in 4 

productivity can result from the adopted techniques. The 

studies primarily relate to the early 1970's when following 

the Sidwell Report 
(3) 

,a programme of research was initiated 

by the Scottish Housing Research and Development Committee 

(S. H. R. & D. ). The studies were co-ordinated by the S. D. D. 
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who directed attention towards the principles of design 

rationalisation, whilst the N. B. A. developed methods of 

improving building contract communications, with the B. R. E. 

contribution focusing upon providing technical advice and 

measurement of the labour expenditure on site. 

The completed traditionally designed housebuilding study atz 
(4) 

2 Pitcoudie, Glenrothes New Town in Scotland, provLdes the 

most recent empirical information, which in addition to 

productivity research findings from two previous studies, 
(5) 

highlights the marked reduction in the labour expenditure 

on site as a result of design rationalisation in traditional 

housebuilding. 

Although it is acknowledged that factors outside the scope 

of design rationalisational aspects are likely to have 

influenced the results obtained, the figures obtained from 

the studies provide support for the design policies which 

were implemented. In addition, a'-though the studies are 

based on traditional housebuilding, the underlying principles 

of the research are thought to have far wider implications 

and future studies should be concerned with the application 

to other building types. 

For the purpose of understanding the nature of productivity 

in the review of empirical studies, productivity is considered 

as: 

17 



"a measure of the efficiencY of the building 
process in terms of the man hours expended 
on site. 11 

Whilst it is appreciated that numerous factors may affect 

productivity on construction sites, the Scottish studies have 

limited their direction to investigating the effect of design 

considerations and decisions on the actual building process. 

It is readily admitted that although this specific aspect 

may not be the most significant in terms of the efi- fect on 

building productivity, it is an aspect over which the designer 

has the greatest degree of control. In this respect, it can 

represent the basis for making changes which can improve 

productivity without changing the ultimate building product. 

Empirical results from previous studies undertaken by the 

B. R. E.,, (6) 
suggested that productivity is often related to 

specialisat--Lon and a limited range of products. However, 

subsequent research work demonstrated that the result may 

not necessarily be the case although standardisation of build- 

ing components is regarded as a contributory influence. 

It was suggested that the designer may contribute to the 

buildability of a construction project without detracting 

from. its eventual performance. The Mills Report, 
(7) 

records 

that: 

"It is often claimed ..... that housebuilding 
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in the public sector is more expensive than 
its counterpart in the private sector ..... 
and that private builders integrate the 
development process, simplify designs, 
standardise documentation and construction 
detailing, and aim for "buildability". 

The housebuilding research studies have similarly been 

directed towards buildability, with the understanding at 

t that time being "making the construction more buildable with 

the ultimate objective of reducing the cost of the building, 

or providing a better building for the same cost. " 

It is imperative to emphasise that the housebuilding research 

studies have not been interested in changing the building to 

improve-productivity, but have attempted to show how a design 

may be rationalised, and how concern is given to communicating 

these design considerations to the builder. 
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2.2 BACKGROQND TO EMPIRICAL PRODUCTIVITY STUDIES 

In 1967 the Scot-ttish Housing Advisory Committee (S. H. A. C. ) 

commissioned Professor Norman Sidwell, Professor of Building 

at Heriot-Watt University to prepare "a critical comparison 

of private housebuilding costs in England and Scotland. " (3) 

The investigation originated from the general concern that 

Scottish private houses were priced higher than comparable 

English houses. With this idea, it was considered essential 

to test the validity of the evidence which had created this 
0 

concern. Consequently, an analysis was made of data 

extracted from a very comprehensive range of nearly 
1,000 

sets of literature concerned with house building and market- 

ing. 

considerable aspect of the study focused upon the way in 

which the design and production functions differed in England 

and Scotland. In all the many activities of building, the 

private housebuilding sector is considered the only area in 

which the complementary functions of design and production 

may merge into one organisation. Sidwell advocated that 

the advantages deriving from feedback relative to regulation 

requirements, material performance, production technique, 

and At-he like, are available to a greater extent in organisa- 

tions within the private housebuilding sector than in any 

other section of the industry. Sidwell's study is considered 
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to be probably unique as there appeared to be no previous 
record of such a comprehensive comparison being made of 

private housebu-ilding in England and Scotland at that time. 
To a large extent this made the study more difficult at 

almost every point, because there was little or no related 

research data in existence for the purposes of comparison 

and validation. 

The report published in 1970 suggested that Scottish house- 

building costs compared unfavourably with those in England, 

and of those factors contributing to the price differential 

it was stated to be: 

"impossible to ignore the sheer weight of 
evidence ....... that the productivity of 
the Scotl--tish building worker compared badly 

with that of his colleagues in England. " 

Although subsequent studies provided evidence to refute this 

cLaim,, certain principles emerged to indicate that design I 

evaluation could positively benefit towards improved pro- 

ductivi-ty, and establish the overwhelming requirement for 

more detailed investigation. 

During this time, al-t-hough a number of housebuilding studies 

had been made of English construction practices, firstly by 

(8.9) 
the Mi-aistry of Works in 1947, and subsequently by the 

B. R. E. (10) 
, little if anything was known of the efficiency 
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of Scottish housebuilding relative to its English counterpart. 

The thirty years research preceeding the Sidwell Report which 
had been undertaken on a number of aspects of site productivity 
by the B. R. E. in England became an appropriate basis for the 

studies in Scotland, the results of which have been fully 

documented and published, consequently only specific relevant 

aspects are mentioned in this review of literature and 

empirical studies. 

Research Method 

Two main research methodologies have been developed in the 

productivity studies by the B. R. E. 

The first approach sought to collect general information on 

productivity from weekly resource returns from building con- 

tractors, providing details of the construction operations 

undertaken and the labour expenditure on these operations 

by each trade. 

In England, studies using this method revealed that the 

number of manhours expended per dwelling ranged from 600 to 

1900. This was subdivided into an average of 1080 manhours 

for speculative building, 1200 for local authority housing, 

and 1070 for local authority system built housebuilding. 

(11) 
A subsequent study, between 1967 and 1975 used similar 

local authority records. These provided results for the 

three types of construction of 1505 for traditional building, 

1155 for rationalised traditional design, and 1130 for an 
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i. ndustrialised approach. 

These studies showed that a design rationalised approach did 

signi. L 'icantly contribute to a reduction in labour expenditure, 

particularly in the latter study where a 30 per cent reduction 

was evident. 

The second approach to site measurement used in housebuilding 

studies at that time involved "activity sampling". 
(12) 

This procedure demands the use of full time, on-site observers 

throughout the construction period. Using this device the 

labour resource has been observed and recorded on a number 

of building sites in extensive detail. 

The Studies 

The sampling approach has been used considerably, since its 

initial implementation in 1952, to estimate the labour re- 

quirement of alternative methods of house building. (13) 

In 1968, the sampling research method was implemented on a 

site at Crawley New Town 
(14) for the monitoring of 140 single 

and two storey dwellings to facilitate the collection of data 

on the effect of design on productivity. This study was 

directed towards the assessment of bricklaying productivity. 

The studies were undertaken by the N. B. A. and promoted by the 

Brick Development Association to review the construction of 

dwellings in rational-ised brickwork. 

Later, the D. O. E. Housing Development Directorate (H. D. D. ) 
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integrated their knowledge with the B. IR. E. to evaluate a 
different approach to design rationalisation in housebuilding, 

using pre-fabricated off-site components. The study at 
Finchampstead, (15) 

monitored the construction cf 172 houses 

using activity sampling where the labour expenditure resulted 

in 930 manhours per dwelling. 

In Scotland during the early sixties, studies were directed 

towards investigating methods of rationalising house design 

and methods in common use were documented in the 1966 book 

of Generic Plans. (16) 
This catalogued a series of plans 

for a variety of house designs based on one generic layout, 

although the design primarily considered kitchen and bath- 

room plans rather than structural components. When the 

Generic Plans - Scotland was published it did not present 

conclusions on the popularity and frequency of use of the 

plans. However, the most popular and commonly used plan 

designs were chosen for further development work, and these 

formed the basis for the N. B. A. 's advice to local authorities 

and builders on housing plans. 

This interest has been developed further by The Scottish 

Loca-I. - Authorities Special Housing Group (17) 
and, in 

association with the N. B. A. and S. D. D., books of common plan 

ranges were detailed and published. 

In 1969y the N. B. A. conducted a study at Arbroath, Scotland 

into house design related to the organisation of the building 
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contractor. (18) 
The study developed a system of communica- 

t. ion between the design team and the builder which attempted 
to convey the rationale of the design to the management on 

site. The conclusion was that the design of housing could 
be related to the sequence of operations. This study 

represented the first serious attempt at encouraging feedback 

from the design aspect to the on-site construction process. 

Several useful ideas were recbgnised through the Arbroath 

research study. Firstly, there was the layout of houses 
-in 

series based on the same generic diagram with each cons-I. -ruc- 

tion using the same sequence of building operations. 

Secondly, there was the use of a simplified bill of quantities 

reducing the problem of pricing, procurement and costing of 

the works. 

Thirdly, there emerged a computer library of unit quantities 

for repetitive housebuilding. 

From 1968 onwards a number of more detailed research studies 

were undertaken. The S. D. D., concerned with the problems 

of metrication and dimensional co-ordination produced a 

report. 
(19) This suggested the approach of the N. B. A. for 

making the transition from imperial to metric measurement 

when familiarising local authorities of the problems of 

metrication. As a result, the N. B. A. were appointed as 

architects and quantity surveyors for the development of the 
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Blantyre housing project 
(20) 

which enabled the further 

investigation of design rationalisation. The Blantyre 

study, co-ordinated by the S. D. D. and the N-B. A. r followed 

the interest generated by the 1970 Sidwell Report and 

became the f irst study in Scotland which utilised activity 

sampling techniques. 

A second S. D. D. co-ordinated project examined the timber 

framed housing development at Greenfield, Glasgow. (21) 

The interest was the comparison of timber framed design with 

that of traditional house construction. In addition t -o 

forming the basis of S. D. D. Internal Notes, the Blantyre 

and Greenfield sites were evaluated together with the earlier 

English studies at Crawley and Finchampstead and recorded in 

a Ph. D. thesis by McLeish (22) 
which was presented as a 

further S. D. D. Internal Note in 1978. 

Background to the consideration of design rationalisation 

was previously described in a comprehensive series of 

unpublished reports to the S. D. D. Housing Research and 

Development Division conducted by the N. B. A., the first of 

which being completed in 1974. This document entitled the 

(23) 
Cottages Report Part 1. described a method of determin- 

ing the effect of eaarly decisions about the house designs 

on the probable density and the price of a development. 

Furthermore, it suggested a method of designing dwellings 

with differing user requirements.,, yet with each retaining 

cogimon buildability potential. Subsequent work considered 
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the matter in greater depth which was reported in two 

further documents, The Cottages Report (Section 3), (24) 

(1976), and The Cottages Report (665). (25) 
presented in 

1978. 

27 



2.3 APPLIED CASE STUDIES 

The S. D. D. and N. B. A. who were jointly responsible for co- 

ordinating the Scottish housebuilding research programme 
decided that particular areas of research interest should be 

emphasised. This being to enable the concentration of 
limited resources on specially selected sites and to ensure 
that comprehensive monitoring was achieved thereby providing 

reliable results. It was recommended that the research 

programme be limited by the following means: 

The research would concentrate on low rise housing, develop- 

ments which were essentially two storey design which was 

considered to be the type where greatest benefits would be 

attained. Bet-ween 1965 and 1975, a total of 85 per cent 

of housing in Scotland was predominantly in this category. 

The programme would focus attention on traditional building 

construc-Ition methods using traditional building materials 

widely available in the construction industry rather than 

prefabricated or industrialised unit constructions. 

The research should not influence the levels of productivity 

achieved at the expense of inferior standards of quality or 

levels of performance of the completed dwellings. 

The studies would concentrate on those factors under the 

control of the design team and focus attention on specific 

items known to be critical to on-sito productivity. 

Lastly, it was decided to employ the technique of activ4, -ty 

., ampling as the principle method of measuring productivity, 
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because the time required to build a house is considered to 

be a more reliable measure than cost, accordingly the prime 

interest was recording the labour expendizure per dwelling 

in manhour equivalents. 

The Blantyre and Greenfield Studies 

The two Scottish research studies at Blantyre and Greenfield 

were the source of useful information on productivity assess- 

ment, which together with the findings from the previous 

English studies, were applied in the subsequent research 

project at Pitcoudie. Activity sampling undertaken by the 

B. R. E. provided data on a systematic basis, and this was then 

examined more empirically drawing upon the knowledge of aspects 

seen to have significantly influenced the progress of. the 

contract. 

The decision to monitor the Blantyre housing scheme f-ollowed 

the awareness that design rationalisation had formed. part of 

the initial design, and the research team intended to examine 

to what extent the rationalisation was effective in practice. 

Blantyre Study 

Blantyrey the first Scottish productivity study, observed the 

construction work of 132 traditionally built houses over an 

eighteen month period between January 1971 and June 1972. 

-itive 1- The contract was let by compet . ender with the building 

contractor employing his own labour and subcontractors, follow- 
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ing traditional procedures. 

comprehensive documented record was prepared by July 1973 

whereupon B. R. E. computer tabulations were generated and 

analysis work commenced. The results were then compared 

with the previous English study at Finchampstead. 

The dwellings developed at Blantyre were one and two storey 

house types built in series from one generic design diagram, 

with variations on the plan to accommodate the requirement 

for two, four and five person demands. 

The houses were measured to a grid with each individual 

dwelling having the same building shell dimensions, this being 

6.600 metres x 6.000 metres for the four person house, 6.600 

x 7.500 metres for the 2 person house, and 6.000 x 7.500 m 

for the five person accommodation. Floor areas covered 

49.5,, 79.2 and 90-. 0 square metres for the two, four and five 

person dwellings respectively. 

The two storey dwellings maintained a dual controlled aspect 

as although the plan design remained the same, the buildings 

could be repositioned at 90 degrees to form an alternative 

house type to meet specific demands of the site. 

The requirements of the site mainly concerned the nature of 

its open exposure although existing stone dwellings and adapted 

roads were located to the north-eastern and south-eastern 

aspects, and the demands of its existing slope. This dictated 

that the houses were designed in blocks forming terraces, each 
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of three to ten dwellings, aligned with,, or positioned at 

right angles to the contours of the site. 

Constructional detail was based upon traditional building 

practices prevalent in Scotland with an insitu concrete strip 

foundation upon which the cavity brick and block superstructure 

walling was supported. The brickwork was metrically 

dimensioned and co-ordinated in traditional common brick with 

internal wall finish of plasterboard lining. 

In the upper storey dwelling types, floor construction involved 

suspended timber joisting with'plyboard covering, whilst roof- 

ing used pre-fabricated timber roof trusses with felt and 

interlocked tiled coverings. 

The plan design of the Blantyre dwellings were developed from 

the generic plans of the S. L. A. S. H. Group, modified to 

accommodate the inclusion of the sinqle storey house type. 

The selection of this plan type, in accordance with the re- 

quirements of most Scottish local authorities was to obtain 

the most economical cost through the increased productivity 

of repetition. 

The rationalisation of the design primarily involved the 

modular co-ordination of the external dimensions, to those 

sizes previously explained, based on a specific grid system. 

Although providing a range of house types in terms of size, 

occupant accommodation, and sjC-orey height, all the dwellings 
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wic-are founded on three shell sizes, fundamentally adapted to 

ensure the benefit of repetition. 

The dimensionally co-ordinated layouts were directed towards 

the avoidance of material waste, in particular those materials 

which required cutting on site such as timber floor joists and 
floor boardings. Also, t-he adoption of co-ordinated super- 

structure elements such as brickwork details at cills, lintols 

and framed openings which was expec-kL--ed to influence the pro- 

duct. JA., Týity level of -the walling elements. 

Blantyre Analysis 

Analysis of the construction work at Blantyre, conducted by 

the B. R. E. using activity sampling, generated a series of 

tabulations representing the labour expenditure in manhours. 

These are fully documented in S. D. D. Internal Note,, "Site 

Productivity for Housing" (1971) (20) 
, from which the compara- 

tive tables for Blantyre and Finchampstead are abstracted. 

Figure 1 illustrates the average manhours expended in construct- 

ing each dwelling, and tables 1,2,3 and 4 attribute the man- 

hour content to specific parts of the building - these being: 

sub-structure, super-structure, finishes and services and 

external works. 

Figure I expresses that the average number of manhours expended 

in completing one dwelling at Blantyre is 1064. When compared 

with the early English housebuilding studies, summarised by 
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Figure 1 

CRAWLEY 

Finishes 

Services 

Superstructure 

Substructure 

Site Services 
External Works 

Totals 

Exc(usive of 902 

285 BLANTYRE 

FINCHAMPSTEA 
119 

376 

122 
390 

265 
6 

253 

149 
29 

992 

560 743 
site works 

Inctuding 1292 930 1064 
site works 
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I COMPARATIVE AVERAGE MANHOURS PER DVY=NG SUB-STRUCTURE 

Fincharpstead B., '-c-mtyre 

Excavate foundations 6 18 

Concrete foundations 3 12 

Brickwork to D. p. c. - 78 

Hardcore fill 9 23 

Susperkled. tinber gr fl - 15 

Pre-cast edge beam 22 - 
Concrete gr fl 30 - 
Drainage - 3 

70 149 

v 
TABLE 

1 

CO'LsIPARATIVE AVERAGE NUZiOURS, PER DWKMING ( SUPERS MLMURE ) 

Scaffolding 3 7 

Brickwork gr & lst fl 26 154 

Roughcast - 20 

Roof structure & covering 22* 24 

Glazing - 5 

ist, floor construction 19 19 

internal partitions 20 15 

Stairs 9 

90 253 

TA BLE 
; Oof 
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COMPARATIVE AVERAM MANHOURS PER DWaLING FINISHES & SERVICES 

Finchampstead Blantyre 

Dry linings walls & ceilings 59 74 
Joinery 2nd fix 61 84 

Snagging - 11 

Painting & Decorating 135 89 

Cleaning - 7 

Plunbing 73 35 

Electrical 72 34 

Heating - 7 

4W 341 

TABLE3 

CXMARATIVE AVERA(7, DPMOURS PER DVJMLING ( MAL ýURKS ) 

Drainage 106 76 

Welfare attendance 77 81 

Tand aping 142 67 

Paving 45 97 

370 321 

TABLE4 
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Forbes (1969) (11) 
which recorded 1292 and 1505 manhours in 

the two most prominent studies, a marked reduction is clearly 

apparent. 

The direct compar4,. son between the results at Blantyre and the 

findings of earlier English studies indicates that there was 

significantly improved productivity on the Blantyre project. 

Moreover, the results provided conclusive evidence that the 

productivity of the Scottish building worker did not compare 

unfavourably with that of his English counterpart, and laid 

claim to the invalidity of Sidwell's (3) findings. 

The analysis of Blantyre was compared with the English study 

at Finchampstead primarily because at that time very little 

empirical research data was available for the purposes of com- 

parison. Nonetheless, comparisons between Blantyre and 

Finchampstead sought to examine the productivity levels achieved 

in Scotland and England in rationalised traditional housebuild- 

ing and also to identify design aspects which had greatly 

assisted or hindered the on-site construction process and levels 

of labour productivity. 

When comparing the data from the two projects, although the 

site conditions and number of dwellings varied between the 

sites, there was no significant difference between the house 

sizes or their standards. The major difference between the 

two pro3ects was in the degree of pre-fabrication of the sub- 
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structure and superstructure works. WhIlst the Blantyre site 

adopted a traditional building approach, the Finchampstead 

project pursued the objective of reducing the degree of site 

work through the use of off-site pre-fabricated building 

components. The Blantyre project consumed 14 per cent and 

24 per cent of the total labour content in constructing the 

sub-structure and super-structure works respectively. 

Whilst. these figures are not proportionately excessive, they 

are some double the labour requirement for housing at 

Finchampstead. In addition to this being determined by the 

differing constructional detail between the two projects, 

site conditions were a significant influence. Poor ground 

conditions were apparent at Blantyre demanding increased 

attention to the sub-structure hardcore filling, this being 

reflected in the 23 per cent labour requirement. Also, the 

BlantYre development was located upon a sloping site and the 

generic design plans selected made little significant pro- 

vision for the extra work involved. 

The external brickwork and internal partitions consumed some 

154 manhoursr or in excess of 60 per cent of the total man- 

hours apportioned to the super-structure work. This clearly 

illustrates that labouiý-expenditure in undertaking traditional 

cavity wall brickwork is extremely high. The significant 

items observed to influence the higher proportion of labour 

expended were the details to openings in the brickwork where 

the installation of cills, lintols, and door and window frames 
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presented major discontinuity to the brickwork construction 

sequence. This aspect in itself, highlighted the need for 

further investigation of brickwork design. 

Comparisons between the results of the Blantyre housing, and 

the development at Finchampstead, showed several aspects of 

design which influenced the construction process such as the 

use of a generic design, and building houses in series utilis- 

ing the benefits derived from dimensional and modular co- 

ordination. It also highlighted a number of areas where the 

reduction in labour requirements are extremely desirable, 

such as detail to external walling elements with the design 

of wall features being considered as an integral part of the 

wall structure. 

In appreciating the differences of the two projects regarding 

the construction techniques adopted, it was concluded that: 

"The total man hours required per house were 

sufficiently low to provide general support 

for the policies followed on this project in 

order to promote good productivity 

The study also showed many parts of the design 

and construction where greater rationalisation 

should reduce the labour content. " (20) 
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Greenfield_Study 

The second Scottish productivity study was undertaken at 
Greenfield, in Greater Glasgow between 1972 and 1974. 

The building project, for Glasgow Corporation, involved a 

programme of building 131 new houses, and the redevelopment 

of 218 flats of traditional construction but which did not 
form part of the productivity research study. 

Unlike the Blantyre project, Greenfield. used a design and 

build service provided by the main contractor, although the 

f orm of contract. remained competitive with a package deal 

design and build approach. The site was again monitored by 

the B. R. E. activity sampling process maintaining research 

continuity with the Blantyre study. 

The dwellings at Greenfield were of timber prefabricated 

construction with brick facing work. An important aspect 

of the Greenfield study was that the main contractor used his 

own building system, and of particular interest to the S. D. D. 

researchers, the study investigated the significant advantages 

of this method of construction compared with that at Blan-kL-yre 

with regard to the levels of productivity achieved. 

The number of new dwellings in the Greenfield development 

totalled 131, representing 112 five person houses of two storey 

design, and 19 seven person houses again of two storey layout. 

As with the Blantyre site, Greenfield used variations on a 

standard design plan with modularly co-ordinated external 
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dimensions including layouts of 7.700 x 5.500 metres, 
7.900 x 5.500 metres, and 7.900 x 6.700 metres, with floor 

areas of 87.0 and 106.0 square metres for the five and seven 

person accommodation respectively. 

The site itself sloped to the south and Greenfield, like 

Blantyre, utilised the topography of the site in designing 

houses to meet the ground contour requirements. Dwellings 

were constructed in blocks of terraces with individual blocks 

having one house design type only. 

Building construction at Greenfield consisted of traditional 

but rationalised methods. Unlike the strip foundations 

constructed at Blantyre, a concrete raft construction was used 

with brick walling used in the substructure to damp proof 

course level. Suspended timber floor joists finished with 

boarding was used for both ground and upper storey floor con- 

struction. External enclosure involved the use of the build- 

ing contractors own prefabricated timber walling with brick 

facework. Brickwork of single leaf was used for adjoining 

party walls, and plasterboard with stud framing was used for 

internal partitioning. Roof construction involved timber 

trusses conventionally finished with felt and interlocking 

roof tiling. 

Following the design adopted at Blantyre, the Greenfield 

project selected standard house plans based upon the S. L. A. S. H. 
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common plan design. All the dwellings used only two 
I 

different external shell dimensions and all utilised the 

co-ordinated 7.900 metre dimensioned length. This 

facilitated the use of standard floor joist sizes and board 

coverings in all the dwellings and likewise assisted the 

execution of finishes and services all of which were based 

on similar dimensions. 

The main exception to standard design and construction 

practice was the introduction of the contractors own pre- 

fabricated timber wall panelling which was in itself 

rationalised to suit the prescribed dimensions and the other 

building materials used. All other aspects allowed a high 

degree of repetition in the construction sequence. 
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: ýýL-alysis 

Analysis of the Greenfield housing development followed the 
pattern set on the Blantyre scheme based on quantitative 
manhour tabulations provided by the B. R. E. activity sampling 
process, from which, figure 2 and tables 5,6 and 7 are 
summarised. The data for Greenfield was obviously compared 
directly to the Blantyre project, and this is reflected in 

the tables. The main reasons for this, in addition to the 

validation of previous : Eindings, was to determine the difference 

in terms of productivity of the timber framed brick faced 

superstructure element with that of traditional cavity brick- 

work, and as in the previous study identify potential areas 

of the design which could be rationalised to reduce manhour 

expenditure. 

Figure 2 indicates that the labour expenditure in manhours 

per dwelling at Greenfield and Blantyre were not dissimilar 

with totals of 728 and 743 hours respectively. A slight 

decrease in sub-structure manhour expenditure was apparent at 

Greenfield, reflected in Table 5, where 26 hours were saved, 

probably due to a more comprehensively designed under-build- 

ing element with less hardcore fill. This is reflected in 

hours against 23 hours expended at Blantyre. 

Super-structure elements are identical with Blantyre using 

253 manhoursf and Greenfield 254 manhours. The interest 

expressed in the comparison of external walling elements pro- 

ducecL no startling evidence with similar labour expenditure 
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Figure 

GREENFIELD STUDY : 
Comparative Average Manhours Per Owelling 
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Superstructure 

Substructure 
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0- External Wor 

285 

FINCHAMPST 
119 265 

76 

253 

149 
29 

92 
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COMPARATIVE AVERAGE MANHOURS PER DWELLING SUB-MUCTURE 

Blantyre Greenfield 

Excavate foundations 18 20 
Concrete foundations 12 15 
Brickwork to D. p. c. 78 65 

Hardcore fill 23 12 

Suspended gr floor 15 11 

Drainage 3 - 
149 123 

TABLE5 

CCMPARA = AVERAGE MANHOURS PER DWELLING ( -UP 'MUCTURE ) 

Scaffolding 7 24 

External walls 154 ill 
s4- Roughca t 29 43 

poof structure & covering 24 28 

Glazing 5 6 

lst floor & stairs 19 12 

Partitions 15 30 

253 254 

TABLE 
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COWARATIVE, AVERAGE MANHCURS PER DWELLING ( FINISHES & SERVICES ) 

Blantyre Greenfield 

Dry linings 56 46 

Lining joists 18 23 

Joinery 2nd fix 84 73 

Snagging 11 16 

Painting & decorating 89 60 

Cleaning 7 - 

Plumbing 35 79 

Electrical 34 41 

Heating 7 10 

Gas - 3 

341 351 

TABLE7 
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on each type. Although the prefabricated timber wall-ing 

With brick facing showed some 36% less manhours consumed 

compared with the traditional cavity brickwork at Blantyre, 

an extra 14% of manhours were used in the external wall rough- 

casting and 70% more hours required in scaffolding works, 

thereby nullifying any potential advantage. 

Table 7 denotes the manhour requirements for finishes and 

services. Dry lining work at Greenfield shows an 18% improve- 

ment over Blantyre although this is probably due to the 

slightly larger dwellings at Blantyre. In addition, the 

Greenfield site employed only joinery trades whilst at 

Blantyre joiners and plasterers worked in combination. 

Painting and decorating illustrates a large difference bet- 

ween the two projects which remained somewhat unexplained, 

whilst plumbing services produced a great surprise in that 

although less pipework was actually installed, 110% more hours 

were consumed. The plumbing item also remain unexplained 

although it was suggested that severe frost damage demanded 

extensive repeated work. 

Although the derivation of. comparative conclusions between 

Greenfield and Blantyre was inevitable, in practice making 

direct comparison was difficult, primarily due to the differ- 

ing floor areas of similar type dwellings, and the different 

distribution of house types across the construction site. 

Some of -, --he dwellings at Blantyre were in excess of 3% larger 
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in floor area than Greenfield, and whilst appearing only a 

small dif f erence, is in reality quite large in proportion to 

the dwelling size. 

Despite these concernsy comparisons were drawn between the 

two sites. Although there had been a move towards raft 

foundation construction rather than traditional concrete strip 

founds, and a slight reduction in manhours used in implement- 

ing this change, no reliable conclusion could be drawn to 

support advocating either method of construction on subsequent 

projects. The significant contribution to reducing manhour 

expenditure on the sub-structure was forthcoming through 

simplified hardcore fill design. 

Super-structure showed a significant advantage through using 

the specially designed timber-brick external enclosure although 

this benefit was lost with the use of scaffolding, since un- 

like traditional bricklaying-practice where bricks are "Laid 

from inside the dwelling as work proceeds, the brick facing 

had to be constructed from the outside. Additionally it 

should be noted that the labour expenditure involved in pre- 

fabricating the walling panels off-site are not reflected in 
. A- 

the total manhours apportioned per dwelling. Consequen-Cly 

+-. '-ie total of 728 manhours employed may be a grossly under- 

estimated figure for use im comparative studies. Overall 

it was considered that the super-structure findings were 

disappointing both in terms of th-L*. s study, and in relation 

to the earlier English project at Finchampstead. Similarly, 
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the comparison maae on a relative basis did not provide any 
tangible conclusions. 

Pitcoudie Study 

The research findings from the productivity studies at 
Blantyre and Greenfield, although providing no overwhelming 

conclusions, were sufficiently encouraging for it to be con- 

sidered useful to apply the methods in an experimental build- 

ing development project where the research study team them- 

selves would be totally responsible for the design process 

and the project building control function. 
V 

In 1974, Glenrothes Development Corporation (G. D. %... ) appointed 

the S. D. D. as architects for the development of two new housing 

schemes at Pitcoudie, Glenrothes. In addition to the 

architectural design process, the S. D. D. Construction Research 

and Co-ordination Division assumed a research function ',. n 

implementing the site monitoring techniques in association 

with the B. R. E. The N. B. A. were appointed as project quantity 

surveyors and in addition to their surveying requirement pro- 

vided engineering design services for the site development 

and services contract with supervision from G. D. C. engineers. 

For the Pitcoudie housing scheme, the client specified the 

type of dwellings required.. the house sizes and the number of 

houses in the proposed development. The design and research 

teams' main objective was to achieve the most productive 
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design, although the client has specified that an 
environmentally attractive housing scheme was a desired 

Intention. This immediately presented a conflict of practical 
interests in that, simply, the greater the variety of house 

types, the potential reduction in gaining increased Productivity 
through repetition diminished. Essentially the primary re- 

quirement of the design aspect was to seek the improvement in 

productivity levels through constructing the dwellings simply 

and economically, whilst retaining the capability to offer 

housing with a variety of design. 
.4 

The focus of design intention was upon reducing the number of 

individual building operations and developing a sequence dia- 

gram to represent the interrelationship of rationalised 

operations. Similarly, the choice of building materials were 

rationalised for the same purpose, with the repetition of 

simplified tasks and easily fixed materials being favoured. 

Two storey dwelling plans were used, these again being selected 

from the Scottish Local Authorities Special HousJAng Group 

(S. L. A. S. H. ) and developed to incorporate specific aspects of 

rationalised design. Two subsequent variations were designed 

based upon the original, these being a three storey, and a 

single storey design, which represented a total of 395 dwell- 

ings-in the two developments. 

pitcoudie 1 comprised 112 dwellings of two person to seven 
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person accommodation in a range of six house types, and 
included three storey construction in addition to the 

traditionally built single and two storey dwellings built in 

the Blantyre and Greenfield developments. 

The houses, set in blocks of terraces were locationally deter- 

mined by the contouring and ground conditJ. -ons of the site, 

which was given major consideration in an attempt to reduce 

the technical detail involved in creating steps in the dwell- 

ings. 

Pitcoudie 2 retained similar characteristics to its neighbour- I 

ing project offering comparable accommodation in its develop- 

ment of 283 dwellings. This second phase had the same choice 

of house design as Pitcoudie 1 with the inclusion of nine 

person houses, 28 dwellings modified for disabled persons, 

and a number of flats. 

The selection of house plans utilising a single leaf external 

wall in solid concrete blockwork was favoured, which had in 

fact been traditional construction practice in North East 

Scotland for many years previously. Research studies con- 

ducted by the B. R. E. 
(26) 

, had shown evidence that a saving 

in manhour expenditure of up to 25% was obtainable through the 

use of single leaf, rather than cavity wall construction. 

Given this potential, it was sufficient to secure its inclusion 

in the Pitcoudie design where the overriding concern of 4the 
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project brief was economy. i 

The blockwork itself was of major consideration within the 

overall design, because although the larger single leaf block 

was believed to be of economic potential in terms of labour 

expenditure, it had to be suitable for manipulation and 
handling on site. In addition, the requirements for sound 

and thermal insulative qualities were specified with whJLch 

the walling had to conform. .% 

Pitcoudie 1 used a sub-structure design of insitu concrete 

strip f oundatioms with single leaf concrete block underbuild- 

ing and mass concrete floor slab. Single leaf blockwork 

was predominant in the super-structure, with internal wall 

linings of plasterboard conventionally decorated. 

Pitcoudie 2 recognised the identical sub-structure works, but 

departed from the practice at Pitcoudie 1 -J,. n the super-struc- 

ture where traditional brick and blockwork cavity wall con- 

struction was adopted. The dwellings were designed in series 

from the one generic plan, and utilised common dimensional 

sizes in keeping with the plan designs developed at Blantyre 

and Greenfield. The standard dimension of 6.600 metres was 

used in conjunction with second dimensions of 6.000 and 7.500 

metres for the overall building shell sizes. 

,, zepetition of elements was a priority,, and through the intro- -r 
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duction of only two distinct plan areas, rationalisation of 

many construction elements was possible. A high degree of 

standardisation. was attributed to joist design, flooring, 

finishes and services, in addition to design rationalisation 

to main sub-structure and super-structure elements. 

Ana 

The analysis of information collected on the two sites, 

Pitcoudie 1 and 2 followed the trend established in both the 

earlier sites at Blantyre and Greenfield. B. R. E. computer 

orientated tabulations were obtained, from which figure 3 

and tables 8,9,10 and 11 have been derived. The obvious 

similarities between Pftcoudie and the earlier productivity 

study at Blantyre made it possible for direct comparisons to 

be drawn, accordingly, tabular results were developed for 

Blantyre, Pitcoudie 1 and Pitcoudie 2, with the Greenfield 

development not included as it was considered not to be in 

keeping with the other housing projects. Some 80% of dwell- 

ings at Pitcoudie were of two storey design,, whilst at 

Blantyre nearly 90% were in the same category. 

Figure 3 denotes the labour expenditure in manhours per dwell- 

ing for-the three sites highlighting the comparable totals of 

1064,1032 and 1023 manhours for Blantyre, and Pitcoudie 1 and 

2 respectively. Reduction in manhour content ranges from 31 

-to 41 manhours per dwelling or represents a 4% saving at its 

-maximum contribution. These outcomes are exceptional when 
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COMPARAME AVERA(T, 1ýýMRS, PER DWELLING ( SUPERSTRUCTURE ) 

Blantyre Pitcoudie 1 Pitcoudie 2 

Scaffolding 7 1 15 
Brickwork 154 124 148 

Roughcast 29 49 34 

Roofing 24 56 43 

Glazing 5 5 10 

lst floor constr 19 54 38 

Partitions 15 28 26 

253 317 315 

TABLE8 

COMPARATIVE AVERAGE D90MURS PER DWELLING ( FINISHES ) 

Dry linings 56 51 68 

Lining joists 18 11 15 

Joinery 2nd, fix 84 108 81 

Snagging 11 2 

Painting & decorating 96 110 114 

265 280 280 

TABLE 
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COWARATIVE AVERAGE MMMURS PER DWaLING ( SERVICES ) 

Blantyre Pitcoudie 1 -Pitcoudie 2 

Plumbing 35 40 39 

Electrical 34 43 41 

Heating 7 11 15 

1 76 94 95 

TABLE 
10 

COMPARATIVE AVERAGE MANHOURS PER DTA=ING ( EXTERNAL WDRKS ) 

Drainage 76 32 34 

Welfare attendance 81 47 46 

Landscaping 67 116 97 

Paving 97 82 82 

321 277 259 

TABLE 
11 
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related to the early English studies 
(5), 

generating manhour 

expenditures on dwellings in excess of 1500 hours. 

Table 8 reflects the super-structure labour expenditure and 

although the figures for each project are not markedly 

different, the single leaf concrete blockwork construction 

produced a reduction in labour content of up to 30 hours or 

20% for each house on Pitcoudie 1. Pitcoudie 2 however, 

using the traditional brick and blockwork cavity wall con- 

struction, although consuming approximately 19% more labour 

than the single leaf construction at Pitcoudie 1, was not 

dissimilar from Blantyre where cavity walling also featured. 

Table 9 indicates the differences apparent in finishing the 

internal walls. Labour expenditure at Blantyre totalled 74 

manhours, with Pitcoudie 1 and 2 at 62 and 83 manhours. 

It was significant that the lowest figure of Pitcoudie 1 

employed a single joinery trade, whilst Blantyre and Pit-coudie 

2 used joinery and plasterwork trades. Research studies by 

Forbes 
(10) (1977), presented information to explain the 

differences in manhour expenditure through the interference 

of trades when employed in associated work sequences. To 

ensure continuity it is considered advantageous to rationalise 

the operations and reduce the number of visits required by 

each individual trade. 

The labour requirement reflected in table 11 shows obvious 
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differences in manhours expended on Blantyre of 76 hours to 
Pitcoudie 1 and 2 with 94 and 95 manhours. Although a 24% 

increase was observed, this is explained by the additional 

storey height in the Pitcoudie development. When effecting 

comparisons between a number of sites such as the Blantyre, 

Greenfield and Pitcoudie developments, it is not valid to 

compare the average labour expenditure on all sites across 

all building types. Research conducted by the B. R. E. (27) 

suggested that labour expenditure is likely to vary between 

identical dwellings irrespective of the design. 

Overview 

The review of literature and empirical research studies, whilst 

in many ways being summarised, has sought to provide an insight 

into the principal concerns of practical productivity / build- 

ability assessment, making reference to the early English 

studies, 
(6,15) 

and focusing upon major studies undertaken 

in Scotland. 
(4,20,21,22) Although a detailed analysis 

has been conducted on the site labour content of each pro- 

ductivity study, only broad comparisons on a somewhat subjec- 

tive basis have been made between sites. 

The S. D. D. in formulating conclusions expressed that the 

similarity of house types used for the Pitcoudie developments 

and the Blantyre project should provide the basis for a better 

understanding of how to make comparisons between sites. 
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The proposal to relate the constructional differences bet- 

ween Pitcoudie and Blantyre was pursued in the form of target 

figures for site productivity presented in a 'productivity 

plan' produced for Pitcoudie 1. Derived from the computer 

orientated figures obtained from the B. R. E. activity sampling 

process, the productivity plan presents specific target figures 

for reducing the labour expenditure of individual operations. 

It was expected to effect a reduction in manhour expenditure 

of 30 hours per dwelling through the use of single leaf con- 

crete blockwork in the external walling elements, and such 

items are specified in the-productivity plan together with 

their target figures. However, such targets can only be a 

general indicator as variations in the numbers of different 

sizes of dwellings will have a significant effect on the 

average f igures - 

"Data from the computer analysis of activity 

sampling for Blantyre, Greenfield and Pitcoudie 

1 was not available until after work had been 

completed on the sites ........ 
Results from Pitcoudie 1 were available sooner 

than the earlier schemes and on Phase 2 results 

were provided as the work proceeded. " (4) 

It is evident that early feedback from research findings is 

desirable, especially if direct attention can be given to 

specific aspects of the construction, which can then be 

relayed back to site. 
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2.4 THE APPRECIATION OF DESIGN OBJECTIVES 

"The methods used to achieve improvements in 
site productivity are based on the premise 
that the development of many designs can 
assist in achieving good results without 
affecting the eventual performance of the 
building 

This process has been termed design 

rationalisation. " (4) 

For some nineteen years, the N. B. P.. in Scotland has been 

involved in the succession of research studies examining the 

productivity and progress of building contract-s focusing upon 

the contributicn of design rationalisation. The concept of 

design rationalisation which evolved from these empirical 

studies embodies five main principles which have been 

developed since the first N. B. A. studies at Arbroath in 19671. (18' 

The principles have been further refined through implementation 

k4) at Pitcoudie where ilt was seen to be a comprehensive 

design tool and the basis for the design teams contribution 

towards improved productivity. 

_ 
ýe Same Building Seqý4 nce 

is advocated that applying 'the same construction sequence 

1a1 the dwelling types will allow a more regular fjow of 

f- 

work from one house to another. This introduces the concept 

of designing house tylpes which have a high degree of similarity 

in layout, dLmensional re-laticnsh-ips, and %--o-,. s-%. -, -ruction,, and 
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can be described as a 'familyl of houses or designing houses 
'in series'. 

"The key to success is achieving a high degree 
of standardisation, but at the sax. qe time provid- 
ing variety to suit family size, site conditions, 
to meet the brief, and variety in appearance, to 
produce an aesthetically pleasing solution. " (28) 

Themajority of housing developments demand a variety of 

dwelling types to suit individual requirements. However, 

this inevitably results in a disadvantage to productivity 

from the absence of repetition. Many benefits from repetition 

may be realised when constructing each dwelling to the same 

sequence of building operations. 

"This can provide an optimum flow of work by 

allowing trades to work in the same relation- 

ship in each house thus enabling a smooth flow 

of labour from house to house and the benefit 

of an established working pattern. " (4) 

When two or more houses are designed such that each dwelling 

may be'constructed to the same sequence of construction 

operations, or designed in series, the parcels of work 

involved in their construction are not changed in nature but 

only in volume. 

Figure 4 illustrates the series design for the 31C-Lntyre 
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Figure 

The Development of Houses 
in Series at Blantyre 
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housing development where the two storey dwellings provided 

accommodation for four and five person families, and where 

alternative designs were developed to meet the demands 

imposed by environmental constraints. The standardisation 

of the upper floor construction, including the design of the 

staircase and services, provided the basis of the Blantyre 

series design. 

In a practical context, the concept of series design can be 

seen in the development at Pitcoudie 1. There were six 

house types with two single storey 2 person dwell-inas, a two 

storey 4 person house, two five person two storey houses, 

and a three storey seven person dwelling. These basic 

house types could be modified by detail changes to window 

elements to provide additional dwelling variations. The 

design layouts present a common relationship between rooms 

and house shells. 

The frontages and depths of the dwellings have a dimensional 

relationship and by turning Some design types through 900 

further house types are available which have fundamentally 

different performance. At Pitcoudie 1, there were only two 

different shell depths, yet providing a wide range of dwell- 

ings within which only two roof truss spans were required. 

"If developing 'series' of houses, elements which 

could influence the building sequence and degree 

of standardisation are identified and we believe 

the following to be critical for maximum similarity 
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from one house to another - 
First floor joist layout to be related to 

a grid so that floor and ceiling sheets fit 

and set out from the service corner of the 
house, spans and loadbearing partitions to 
be rationalised to enable the same jois-', -- 
depth to be used throughout. Stairs to be 

similar in form and to. occupy a similar 
position in each house. The same applies 
to central heating units. Soil stack and 
service entry to have the same location in 

each house and should be used as the setting 
out corner of the house for the grid layout. " (28) 

0 
Fewer and Larger Operal-ions 

The construction sequence is appreciated as an integral part 

of design by reference to a sequence diagram. The sequence 

diagram, an impor-IC-ant design tool to study the series of 

activities required in the building process, illustrates 

the planned order of building activities through their group- 

ing.. into building operations. 

''An ACTIVITY is the smallest parcel of work 

which can be undertaken by one trade 

A group of consecutive or concurrent 

activities are called OPERATIONS" 
(23) 

It is considered possible to assist the smooth running of 

the building sequence by combining or e-liminating activities 

to produce larger but fewer operations so reducing the 
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interdependence of trades and saving time. 

In its ideal form, an operation is a series of activities 

which can be undertaken without attendance or interruption 

of another trade. (see Figure 5) 

A significant number of manhours is consumed by site 

organisational functions such as the handling o- materials, 

managing labour and subcontractors, measuring and setting 

out,, preparation and supervision. It has been observed 

on sites that these aspects may take 30% of the total man- 

hour expenditure, while making the building grow might be 

44%, with 26% of manhours being non-productive. Accordingly, 

any contribution in this aspect of site construction manage- 

ment will be beneficial towards improving productivity. 

3 Simplif ication 

Building construction may often be simplified enabling the 

possibility of improving productivity without decracting 

Areas oL' from the eventual performance of the design. 

traditionally poor productivity have been identified in 

empirical research productivity studies. The foundations, 

underbuilding and ground floor construction have been shown 

to involve up to 149 manhours at Blantyre, whilsIC at Pitcoudie 

1 and 2 these figures were reduced -, %--o 64 and 55 manhours 

respectively. 
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At Pitcoudie, the contractor was expected to accurately set 

the top of the foundation level to allow four block courses 

to be placed to reach floor height. Making up levels with 

increased mortar joints or cutting blocks was not permitted 

and if extra concrete was demanded in trench foundations due 

to excessive excavation, then this was expected. When con- 

structing deeper foundations, the contractor was permitted to 

increase blockwork courses but the top of the foundation must 

be accurately directed to the floor height using complete 

blockwork coursing. Where changes in foundation depth 

occurred due to a stepped requirement, a ladder arrangement 

was devised to complete the step as quickly as possible and 

return to the minimum four course requirement. 

A frequent practice in England but not in Scotland, was the 

ground floor in-situ concrete slab undertaken and finished 

in one operation. With no concrete screed required, the 

necessity for a wet trade at a later stage in the construction 

sequence was eliminated. A mechanically vibrated tamping 

beam was drawn over the cast slab to achieve a suitable finish 

with hand trowelling produced a final finish to accept tiled 

floor coverings directly. 

Single leaf concrete block walling was another design area 

where benefits in productivity could be achieved from 

simplification. It was considered that a reasonably large 

but handlable block could be built more quickly than a 
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conventionally sized block, yet still provide a high degree 

of accuracy with openings by building-in doors and windows. 

In considering simplification, a sequence diagram was used 

throughout the detailed design of these constructional aspects 

to monitor the effects on the building sequence of the various 

decisions, always with a view to reducing the number of 

activities and to ensure that the same sequence could be 

followed in the construction of each house. Many of the 

construction aýpects considered are illustrated in figure 6. 

Standardisation 

"The normal repetition of detail and the 

development of designs to allow similar 

layouts of such elements as floors are 

considered to be benefJLcial to productivity. " 

With the similarity between house types and the use of the 

same building sequence a high degree of standardisation is 

possible. The design decisions made when considering the 

concept of 'series' construction enabled identical bathroom 

and kitchen layouts to apply to all dwelling types. At 

Pitcoudie, similar joist plans and ceiling and floor sheet- 

ings were used in each of the two storey dwellings. (figure 

7). Only two roof truss spans were-necessary, the same 

blockwork design used in the underbuilding, superstructure 

walls and overall a high degree of standardisation was 

employed in consistency of detailing between house types. 
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Figure 6 

Rational ised Detail of Traditional Design 
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5 Dimensional Co-ordination 

There is an interaction between the four'principles of design 

rationalisation - between 'same building sequence', 'fewer 

ana larger operationsq, 'simplification', and Istandardisation'. 

Standardisation is closely related to the fifth principle con- 

sidered, that of 'dimensional co-ordination', which enables 

standard components like doorsets to fit into a dimensionally 

co-ordinated framework. 

The move towards dimensional co-ordination has been assisted 

through the change from imperial to metric measurement as 

most building materials are dimensioned metrically and match 

well with the demands of current design. 

By designing in a dimensionally co-ordinated way, the need 

tor cutting of building materials is recognised at the design 

stage and may therefore be minimised to reduce waste. 

Considering Pitcoudie, the single leaf concrete block walling 

was designed so that vertical coursing was rationalised to 

achieve floor to floor heights, without cutting or making up, 

also with featured openings being co-ordinated into the 

designed elevations. The effects of dimensional co-ord--*Lna- 

tion. were observed in research studies conducted by the N. C. C. 

Action Commii---cee on Dimensional Co-ordination, 
(29) 

where the 

application of its principles gave a lower cost per square 

metre of area actually provided than conventionally designed 

and un-co-ordinated dwellings .......... 
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"it may well be argued that the application 
of dimensional co-ordination, while not 
necessarily being cheaper in total cost, 
may provide a better optimum of space and 
cost. " 

Realisation of Design Objectives 

Five principles of design rationalisation-have been described, 

yet the potential advantages will not be realised in the con- 

struction process on site if the design intentions are not 

clearly communicated to the building contractor. 

Consequently, communication has been an area of great concern 

to the S. D. D. and N. B. A. who have investigated ways of present- 

ing information of their rationalised design through contract 

documentation. 

"The proposals for production documentation 

-hat the are based on the supposition 4. 

content and presentation of the information 

can corrmunicate any rationalisation of the 

design to the builder and can thereby con- 

tribute to productivity. '' 
/ 

The implementation of this idea has been assessed by the 

N. B. A. through a B. R. E. study of working drawings, (30) 
and 

previously a report based on Pitcoudie written by the N. B. A. 

was presented to the S. D. D. in 1978. (31) 

In the later housebuilding studies, the tender and contract 
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documents were presented to convey the design rationalisations 

considered and in addition to provide more information than 

the norm to assist in the management of the project. 

T Lhe drawings for the building developments were grouped into 

location, assembly and component information. These were 

set out to detail the information necessary for each activity. 

Essentially, the aim is to show the building under construc- 

tion rather than giving details of the completed building. 

Drawings were provided not in conventional Al sizes but on 

A4 size sheets, which in addition to being manageable, could 0 
be copied and used at the workplace. 

A specific numbering sequence was used to reference the 

drawings, which were coded to identify house types, location, 

assembly drawings, bills of quantities and specifications. 

The drawings represent detail in reference to a gria which 

indicates the dimensionally co-ordinated framework of the 

Jon materials and components. Dimensions provided on locat. 

and assembly drawings are shown in relation to this grid. 

Bills of quantities reflect design rationalisation through 

their trade format which is subdivided into operations and 

activities. These specify items separately which have 

rationalised design aspects together with their particular 

requirements - 
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The final document which is provided in the contract 
document set is the sequence diagram, which is considered to 
be one of the key production drawings. Although the practical 
decisions about the construction sequence and grouping of 

activities into operations will be made by the building con- 
tractor, the sequence diagram, is incorporated as part of the 

non contract guidance notes presented in the bill of quantities. 

Suromary 

The principles of design rationalisation described are 

intended to make the designer more aware of the e., - -Ef ect of 
design decisions upon the building process. 

Although it is accepted that the principles of design 

rationalisation have been applied only to relatively large 

local authority housing projects, it is recognised that they 

are as equally applicable to smaller projects, to building 

in the private sector and to many other building types. 

It is also recognised that the building process is influenced 

significantly by factors beyond the control of the design 

team, yet application has tended to reflect only upon those 

aspects over -which the design has a reasonable degree of 

control. if the designer can identify specific important 

elements within the building process it will provide the 

basis for uiltimately rationalising many other aspects which 

presently it cannot. 

73 



It may be assumed that because the studies have been based 

solely on housebuilding that this is the only area in which 

the importance of design rationalisation lies. There can 
be little doubt that housebuilding is an area of considerable 

importance due to the nature and market requirement of its 

final product, yet housebuilding retains its importance also 

because little if any research (excluding the study reflected 

in this thesis) has been undertaken on other building types. 

"Perhaps there seems to be nothing new in 
these principles - after all, each one is 

often used to good effect in practice. 
However, taken together, they become very 
powerful: each principle is closely 

related to the others. They also offer 
the designer a way of controlling the 

whole design process. " (32) 

The implementation of design rationalisation is oniy effective 

if it is considered early in the design process, and designers 

who have a high degree of understanding of the building pro- 

cess are likely to implement more effective design 

rationalisational aspects. 

"The methods of working proposed here will 

only be successful if the designers and 

site management team co-operal[--e with each 

other. The costs of the extra effort 

required of designers should be balanced 

by minimising material waste and delays 

on site. Days spent on preplanning must 
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be cheaper than the equivalent, time 
lost on site. Rationalised components 
and material orders will make ordering 
easy and reduce costs. An improved 
building process will help the workforce 
and site workforce and site management. 
The designer will hopefully benefit by 
solving problems early, rather than 
having to make ad-hoc decisions on site. " (32) 

It may be asked to what extent the design rationalisation 

programme has succeeded in fulfilling its objectives, and 

in what direction will its research progress. The end of 

the housebuilding studies coincided with the reduction of 

the housebuilding programme in the public sector and it 

appears that its future application is likely to be seen in 

the private sector. 

Regardless of the area of application of design rationalisa- 

tion,, its contribution is only successful through effective 

communication. This rationalisational approach to design 

accepts that the designer gets involved in the practicalit-Jes 

of building and reacts to the experiences on site. The 

opportunity is there to improve the product and how it is 

built,, and the information going to the site will be rele- 

vant and helpful. Too often the building team is ignorant 

of the designer's initentions and may not appreciate the 

t tries to work to- critical elements of the design when i, - 

wards a sensible sequence of activities on site. 
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Chapter 3 

Buildability : The Present View 



3. BUILDABILITY THE PRESENT VIEW 

3.1 THE CURRENT AWARENESS 

The review of literature -identified that the consideration 

of the design aspect of the construction process is tending 
L- 

to move away from the narrow aspect of productivity assess- 

ment towards a much broader attitude of understanding build- 

ing design, - that of buildability. 

Clearly, buildability as a prevalent problem is not new as it 

probably dates back to the evolution of construction itself. 

However,, buildability as it is understood today is a com- 

paratively new concept. It is perhaps more appropriate to 

say that some of the significant design criteria have been 

recognised for some time, yet their relationship with the 

term buildability is only a recent promotion. 

The review of empirical studies in housebuilding suggest -Ithat 

buildability has in some form been understood in its present 

mode for at least the last fifteen years with the introduction 

of the N. B. A. productivity study in Arbroath, Scotland in 1967. 

Yet, it is only within the last five years that any serious 

L-nplications of its presence have been recognised. 

However, buildability is presently only in its early stages of 

development and, research conducted within recent years and, 
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also the current investigation, is essentially only beginning 

to scratch at the surface of its problems and implications, I 

as well as the beneficial attributes inherent in its nature. 

This is somewhat self evident-when considering that although 

the construction industry has been aware of the problem of 

buildability since the mid-nineteen sixties, only in 1983 has 

the problem been adequately defined. Consequently, industry 

has unearthed a problem, a problem of some considerable 

importance and, now the requirement is to understand the 

phenomena and assess how research may further this under- 

standing. 

The research studies developed through both the English and 

Scottish housebuilding studies recognises the problems that 

building designs have upon the actual construction process, 

but perhaps restricted thought not towards its wider under- 

standing and potential contribution, but essentially, only 

to further the development of housebuilding. Whilst this 

was undoubtedly beneficial, it may be questioned if a 

sufficient contribution has in fact been made to the con- 

struction industry to date. 

. k.. uildability is clearly in its very early stages of under- q 

standing. It may or may not be too critical to say that 

having identified the problem, nobody really knows how to 

-oursue it and investigate its underlying principles. Or,, 
J.; 
is it 'a problem at all, since the construction industry has 
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'trundled on' regardless of its presence, over many years. 

Perhaps in the past, the constructJon industry had itself not L 
developed sufficiently to recognise the problem of build- 

ability it was generating for itself. Construction was, 

relative to modern day practice, quite simple and straight- 

forward with an availability of finances and resources that 

are possibly unequalled today. The increase in technical 

complexity in an ever changing construction industry environ- 

ment where all resources are valuable commodities and costs 

are closely monitored, may highlight problems which are self 

created and self perpetuating. It may be that the current 

environment is itself the major instigator to the emergence 

of buildability as a problem. 

The gradual change and development in attitude and a departure 

from tradition within the construcition industry, may be a 

starting point for the application of buildabil, ity. Speaking 

at the Cement and Concrete Association Interbuild Seminar 
(33) 

-ussing buildability expressed 1981, Professor Denys Hinton in disc 

concern at the apparent lack of flexibility within the con- 

struction industry. This, he stated, accompanied the present 

contractual procedures and restr4j-ctive forms of documentation 

which are a positive hindrance to progress. Additionally, 

there should be clear recogni-Ition of the prevalent resistance 

to change within the industry together with the strong 

reluctance to accept innovation which can only impede the 

development of good buildability techniques in practice. 
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It may be asked why buildability has only recently emerged. 
I 

In a theoretical vein, perhaps major problems are not dis- 

covered because the little problems are not pursued. It was 

noteable that Sidwell, (3) in his "Critical comparison of 

housebuilding costs in England and Scotland", revealed a whole 

host of implications leading from theoriginal hypothesis that 

' 1- 'the productivity of the Scottish building worker compared badly 

with that of his colleagues in England". In this particular 

case it was sufficient to stimulate fifteen years research. 

Major problems are 'major' because essentially they do not focus 

on minute detail but retain the virtue of having wider applica- 

tion. Many problems exist that are biased into too narrow a 

direction ....... an academic problem for academics a 

technical problem for industrialists, and so on. Build- 

ability until recently, has maintained a narrow outlook because 

it has been swayed into specific areas, when realistically its 

intentions are more far reaching. Moreover, it is not merely 

a problem facing academics or industrialists as it affects 

anyone and everyone associated with the construction industry. 

Buildability to date has focused attention upon only one 

genuine aspect, that of 'design rationalisation'. It is within 

this arrea that the prime contributions have been forthcoming. 

Despite the isolation of this aspect as the sole contributor 

to buildability, advocates of its implementation such as the 

S. D. D. and N. B. A. have recognised that the principle of design 
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rationalisation is an important part of buildability, perhaps 

this is a suitable base upon which to develop the general 

philosophy of buildability. 

Part of the problem in recognising buildability is to identify 

an analytical approach to research, which in itself will assist 

in the understanding of the phenomenon. As with any potential 

problem, definition of the subject is the initial, and perhaps 

most crucial, aspect of any subject of study. In this 

instance, buildability has been defined, albeit from the point- 

of view of the design aspect, yet nonetheless the definition 

is now established. This is where the contribution of pre- 

vious studies has proved worthy, since design rationalisation 

with its approach through productivity studies has undoubtedly 

laid the basis for continued studies into buildability through 

this productivity study approach. 

The confronting issues are now: The research direction in 

which effort should be given and, when identified, to suggest 

a suitable methodology for questioning the relevant phenomena. 

It can be suggested that the analytical approach and method- 

ology have in many ways been prescribed through two decades 

or productivity studies. The work study techniques of 

activity sampling are well tried and soundly tested and pro- 

vide a high degree of success and with precise yet minimal 

modification, as observed in this research undertaking, modes 

of data suitable for buildability investigation can be easily 

generated. However, this should not infer that activity 
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sampling is the discrete route to questioning buildability. 

ýIn Ithe C. I. R. I. A. buildability study, 
(1) 

reviewed subsequently, 

there can be seen a departure from site based data collection 

towards qualitative information gathered from interviewing 

techniques. Also, a study at U. M. I. S. T. School of Architec- 

ture into private sector housebuilding (34) 
sees data collec- 

tion obtained through interview and analysis of site records. 

however, withstanding these critiscisms and considerations, 

it has to be decided which research path will be travelled 

and what methodology should be used. Before making a 

committment to any particular route or procedure, it may be 

beneficial to observe, what may be regarded as the viewpoint 

of currently interested parties concerned with the problem of 

buildability and identify an integrated awareness. 

Clearly, buildability is a problean area within the construction 

industry which is no. longer the sole preserve of the design 

team,, as interest has been aroused in all quarters of the 

associated professions. 

Following the approach to C. I. R. I. A. by industry in 1979-80 

4 ilding 
to investigate and identify the ma., -n problems of bu, 

practice, there has been a high degree of integration of 

knowledge concerning the implications of buildability. This 

was emphatically demonstrated when in. 1983, the Building 

Economics Bureau, in association with C. I. R. I. A. presented 

81 



the first conference on 'Buildabil-4tyl (35 ) 
at London's 

I 
Barbican Centre. Having assembled a contingent exceeding 

one hundred and fifty delegates, 
-the 

major theme was to create 

a greater awareness amongst both academics and industrialists 

of the wider implications of buildability in the construction 

industry. 

This integration was timely as immediately preceding this 

conference, a series 
-of 

articles on buildability was published 

through the Architects Journal (36F 37) 
which presented 

explanation for the present diversity of knowledge, and how 

more positive research integration might be attained. 

The culmination of effort in promoting the awareness of the 

problem of buildability was the responsibilityof C. I. R. I. A. 

in their publication, 'Buildability - An Assessment' (1) in 

1983. 
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3.2 THE C. I. R. I. A. VIEWPOINT 

The problem of buildability was presented in Chapter 1, when 

in 1979 C. I. R. I. A. having been approached to undertake 

research to establish the major problems confronting the 

construction induslCry, suggested that design aspects were not 

meeting the requirements of the construction process. 

A prominent departure from the practical collection of data 

reviewed in the empirical studies of design rationalisation 

featured in the C. I. R. I. A. assessment of buildability. in 

the pursuit of critical opinion and, the necessity to define 

in practical terms what buildability represented to the 

industry, the C. I. R. I. A. study group conducted a series of 

interviews with medium and large building contractors. 

In the C. I. R. I. A. publication Buildability - An Assessment 
(1) 

(1983) the research methodology and outcome is clearly des- 

cribed. The requirement was to question two interviewees 

with considerable experience within the construction industry 

from a number of firms, one person in contract managemen4t., 

the other in contractors quantity surveying. It was con- 

sidered that experience in site management would be the most 

valuable area from which to collect the required information. 

Likewise the questioning of quantity surveyors was thought to 

be the most appropriate basis from which to derive informa- 

tion concerning the cost advantages of positive buildabil-i4,. -y 
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implementation and an appreciation of the penalties of design 

which is not conducive to encouraging a practical construc- 

tion sequence. 

The two selected persons in each contracting organisation, 

after discussing their experience of good and bad buildability, 

were asked to elaborate on their viewpoint with practical 

problems which they believed could be eased or eliminated had 

the designer more information of the effect oil. design upon the 

building process. At its conclusion they had gathered informa- 

tion of some sixty examples of buildability provided in a 

highly critical context. 

The study group asked the interviewees for practical examples 

of buildability as they experienced its effects during the 

construction process. From the results obtained seven 

categories of building work in which buildability could have 

a significant influence were established, based on principles 

which designers could consider in the execution of their work. 

The study group were emphatic that the seven categories 

identified were not final, but they were reasonably sure that 

their findings were sufficiently accurate to make suitable 

recommendations for the consideration of good buildability 

in the form of provisional guidelines for design and, addition- 

aily forms the foundation for future research into buildability. 

The general principIes and recommendations concerning build- 

ability which represent the summarised viewpoint of C. I. R. I. A. 
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are contained in Appendix 1, Figure 

Critiscism and Comment 

Although the C. I. R. I. A. study group openly declare that their 

investigation into buildability provides no answers' but 

merely generates 'food for thought', it nonetheless presents 

some sound and valid facts. Their research has clearly 

identified a problem which is of considerable concern to the 

construction industry as a whole. Moreover, it has defined 

the problem in realistic and understandable terms, and has 

derived its assessment, not from a lay-man's viewpoint but 

from the heart of the problem area itself, that of industry. 

The C. I. R. I. A. viewpoint however, whilst representing an 

invaluable piece of research does have a number of shortcomings. 

The research study is based on what must be considered a small 

sample size, with thirteen building contractors providing a 

total of twenty six interviewees documenting approximately 

sixty practical examples of buildability problems experienced. 

In addition, the informed opinion was gathered purely from 

building contractors and may have included other involved 

disciplinarians such as architects, engineers, subcontractors 

and bui-lding suppliers. Withstanding this critiscism, even I 

though the survey size was minimal-, it adequately highlights 

the problems of buildability and more importantly, gives 

examples to assist their understanding. 
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Where the study is deficient is in the area of application. 

Although it is suggested that buildability presents a 

considerable number of implications and has many far reaching 

consequences, the direction of the C. I. R. I. A. study group was 

towards the technical level on construction sites. Critically, 

perhaps this is an appropriate place to start, yet there 

remains an overwhelming need to take up the research where 

C. I. R. I. A. have left off. This too is recognised by C. I. R. 

I. A. themselves as they have committed themselves to further 

re-cearch work into buildability and are also -developing Iinks 

with industry, professional bodies and academic institutions. 
v 

to encourage others to follow in a similar manner. 

C. I. R. I. A. 's overall opinion was that work is required at 

three levels. Firs-%'--ly, there is the need to identify good 

buildable design details which can transform the design to 

a practical construction sequence. Secondly, there is a 

requirement for communication of the design to the workplace 

and thirdly, that buildability must be considered in relation 

to contractual arrangements, tendering documentation and future 

educational demands. 
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3.3 THE CONSTRUCTION INDUSTRY REQUIREMENT 

The attempt 4. -o view buildability as a general system highlights 

the problem of implementation which in itself has specific 

tendencies rather than general. Similarly, those individuals 

or groups involved with the consideration of buildability, 

observe its nature not with a generic attitude, but from a 

specific direction. Accordingly, 1. . ion to integrate --he proposit 

and assimilate buildability may be easy to advocate in theory 

whilst being difficult to implement in practice. 

Professor Donald Bishop speaking at the 1983 Buildability 

Conference (2) 
expressed the view that buildability was an 

ambiguous word that meant all things to all men. Definition 

was, he said, based upon many different criteria and recommended 

that. - it may be more appropriate not to attempt to define build- 

ability in terms of describing what it means to different 

exponents, but rather focus upon what the objectives of build- 

ability might be. 

Clearly, there are many objectives of buildability centering 

upon the notion of faster to assemble and more economic build- 

ing designs. In conitrast, buildability may be judged upon 

tender cost considerations, by the level of resources used, 

the maintenance and running costs of the site, or the expense 

of the final account. These conflicting views highlight the 

-0 defining buildability. problem OL These overall critiscisms 
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levelled by Bishop are profound in that perhaps the difficulty 

is not in understanding buildability itself, but lies in the 

inability to identify the objectives and requirements demanded 

of different contributors own specialisms. 

The underlying concern within the construction industry is 

clearly to obtain buildings that provide increased 'value for 

money', in fact it was through this demand that the research 

work of C. I. R. I. A. was promulgated. To pursue this aim the 

industry is interested in the price of construction, the 

quality of its ultimate product, the speed of erection and, 

the flexibility of design to meet the demand requirements. 

The achievement of *providing better value f or money is derived 

not only from the reduction in cost, but from quality, speed 

and essentially to provide what the client needs. Perhaps 

it is within these areas that difficulties arise as different 

pro., -essions each have a different objective to pursue. 

As it has been previously seen,, the first direction in which 

attention is given is towards the design process. Allsopp 

(1983) 
(38) 

suggests that if designers were to make their 

designs more buildable then many of the present construction 

and contractual problems might be eliminated. There is the 

need to remove the present barriers between the architect and 

the contractor and encourage a common objective to improve 

,. he construction process and develop a greater understanding 
t 

of the building process. 
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It has already'been expressed that any building must be 

developed as quickly and as economically as possible whilst 

providing for the clients needs. Presently, architects must- 
be made aware that their designs do not help in fulfilling 

these aims. Moreover, their designs in many cases actually 

hinder and impede the construction process. 

Again Allsopp comments that buildability is most apparent in 

t %-he design detail. It frequently occurs that a simple design 

may in practice retain unbtlildable design details whilst con- 

versely, a seemingly complex design may be easy to construct. 

As a consequence, the architect must appreciate the implica- 

tions of his design with knowledge of how the design will 

perform when constructed and, at what cost O, f- initial develop- 

ment and maintenance. 

Architects must begin to realise that 'simpler' more buildable 

design does not indicate a detraction from their ability or 

competence which is perhaps one of their professional fears, 

but is realistically an effort to work more on the same 

intellectual level, in terms of buildability, as other associated 

professionals. 

To the architect, buildability in many cases infers pre- 

fabricated and modularly co-ordinated buildings reducing the 

requirement for on-site operations. Whilst this may be 

promoted upon occasion it does not alleviate the problem 

entirely and a careful balance must be struck between on-site 

and off-site processes. 
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"The Nissen hut, for instance, was a marvellous 
fusion of idea and buildability. It was also 
an object lesson in the use of available pre- 
fabrication technology, economic structure and 
material, adaptability, 
utility. " 

Allsopp (38) 

extendability and 

From a technically architectural viewpoint, proposed buildings 

must be drawn and detailed precisely as the design intends 

and, at the time of considering the initial design. 

Inadequacy of detail at this stage of design formulation 

promotes problems throughout the construction process. 

Although problems of this nature remain, architects are 

generally aware of the problems poor designs present, and this 

aspect is one of paramount concern in considering buildability 

by the architect. 

Concern must also be present in the architectural environment 

for. the increasing presence of hybrid forms of contract-ual 

arrangements, which although perhaps simplifying the legal 

aspects of the building process, are tending to 'push out' 

the architect in favour of design and build or management 

contracting approaches. Within the architectural profession, 

there are those who fear the departure from tradition, whilst 

within the industry there are those who propound that only 

changes of this type will promote the beneficial effects of 

buildability. 
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Moving away from the design aspect of the construction process., 
it is overwhelmingly evident that other parties are important 

in the consideration of buildability. Buildability does 

invariably begin with the architect, but this knowledge must 

be channelled to those individuals responsible for transposing 

the paper design into the building phase. It is at this 

point that problems occur within the overall building process. 

It has already been mentioned that tradition plays a signifi- 

cant part in the division between the design process and con- 

struction phase. The fundamental problem is thought to be 

that, the building contractor who is without doubt the most 

knowledgeable party during the construction phase, is never 

consulted until the basic design conceptions have been devised. 

, 7- Lt is therefore regarded that the contractor is denied the 

opportunitY to contribute his specific expertise until late 

in the total building process with considerable adverse effect. 

The technological aspects are paramount from a contractors 

viewpoint. Whereas in many cases problems were alleviated by 

the craftsmen themselves, the increased technical complexity 

of design is not conducive towards this, and furthermore, it 

would be un-reasonable of the architect to expect this. 

Essentially, the demands of des. 4Lgn must take into account the 

method and implications of building that design if poor build- 

ability -is to be avoided. 
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W. S. MacLachlan (39) in presenting his paper at the 1983 

Buildability Conference reflected the view of many in comment- 
ing that, to solve the problems of buildability the initial 

aim must be to secure a contractual environment in which the 

professions display a high degree of empathy for others and 

seek to benefit the objectives of the client rather than 

attempt to apportion blame on each other for deficiencies in 

the building process. 

Cost is of the highest priority in the consideration of any 

proposed building, and although the quantity surveyor has no 

responsibility for design, the surveyor does have the res- 

ponsibility of representing the cost of buildability generated 

through that design in the bill of quantities. 

Williams (40 ) 
remarked that the bill of quantities when 

developed to a completely del'-ailed set of drawings and 

specification is the only suitable method by which to maintain 

compeltitive tendering. However, it is the practice to 

develop bills of quantities without such information and as 

such, tenders are invited based, not on factual design know- 

ledge but, on ad-hoc considerations. This can only encourage 

a misleading tender price and present a misrepresentative 

assessment by the contractor of how he will undertake the 

contract. The-quantity surveyor must be in a position to 

advise the architect upon the cost implications of the design 

and moreover be able to advise the architect on how to design 
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the building to given cost parameters. , 

The quantity surveyor will be able to include, in cost terms, 

those aspects of buildability clearly detailed in the design, 

but not those in the subsequent building phase on site. 

Therefore, buildability from a quantity surveyors viewpoint 

is difficult to envisage, moreover, of greater concern is- the 

possibility of poor buildability included in the design which 

incurs cost penalties later in 4. -he construction process. 

Overview of Present Opinion 

There appears to be two prevalent directions in attitudes to- 

wards buildability. A concensus of opinion propounds that 

architects must become increasingly aware of both the con- 

struction and cost implications of their design decisions, 

whilst the view of others comment that this may only be 

tically achieved if the building process invokes changes realis. - 

-C from tradition to involve the building contractor at the 

evolutionary stages of design. 

Bishop 
(2) 

remarks that since only approximately one-third of 

all time on site is attributed to making the building grow with 

the remainder involving preparation and un-productive time, 

surely the total building process requires examination rather 

than-the construction phase alone. 

The examination of buildability by all professions is clearly 

realised and demanded. Research undertaken by Gray 
(41) 

at 
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Reading University suggests that the contribution of construc- 
I 

tion expertise may encourage reductions in the capital cost 

of a building by up to 15%. A major barrier to achieving 

this benefit are those U. K. tendering selection procedures 

which inhibit the early involvement of the contractor ýIurling 

the design stage. 

In disagreement, others advocate the introduction of design 

and build and management contracting procedures to simplify 

the building. process and remove any such barriers. 

The principles of design rationalisation, already described, 
I 

demonstrate the application of the design objectives and it is 

recognised that the principle specifically developed for 

housebuilding may be equally applied to other fo-rms of build- 

ing. The viewpoint of others pursuing these ideas indicates 

the recommendation of using more pre-fabricated components 

introduced into a modularly- co-ordinated building process. 

In conclusion, the overview of attitude and opinion suggests 

that the pursuit of buildability only makes sense if all the 

disc,. plinarians within the construction industry came together -4 

to see buildabJA-lity as a common objective. No individual 

has sole responsibility for buildability although it is often 

seen to be so in the case of the architect. 
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3.4 RESEARCH ROLE IN BUILDABILITY 

The increasing requirement of the construction industry is 

to gain a greater comprehension of the design process, 

particularly the understanding of the differences between the 

design aspect and the construction phase. This is an area 

which may be assisted practically through academic research. 

It is through this recognition that the 'Science and Engineer- 

ing Research Council, Specially Promoted Programme in Con- 

struction Management' has funded research into this aspect. 

The Specially Promoted Programme - S. P. P., which has existed 

for the last three years, has been responsible for initiating 

a wide range of research studies within the construction 

management sphere, of which two concern buildabilitY. 

Emphasis is placed upon collaborative research between 

academic institutions and industry facilitating a balance 

between research of a theoretical and practical nature whilst 

drawing upon the integrated and specialised knowledge through 

experience of both spheres. 

One study concerning the costing of alternative design 

solutions and building methods has been promoted under the 

supervision of Gray 
(41) in association with C. I. R. I. A. 

This work forms part of the C. I. R. I. A. report: 'Buildability, 

- An Assessment 
(1) (1983). The study reflects the various 
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stages in evaluating a design in order that the designer can 
understand fully the implications of that design. Gray 

comments that presently the., architect has no effective method 

at his disposal of considering the construction implications 

of the design and as a consequence relies substantially, if 

not totally, upon past experience. It is advocated that it 

is at the practical level of formulating design details where 

the consideration of buildability must be emphatic. Whilst 

this is supported, the main problems emerge in that the 

identification of significant design details is not a simple 

procedure and if successfuldifficulties arise in controlling 

their implementation during the construction phase on site. 

Gray emphasises that since there is essentially no one answer 

to the problem of assessing the construction implications of 

a design there is no single method by which it may be analysed. 

The second study of buildability represents the practical case 

s -udy reflected in this thesis entitled "Design Rationalisa- 4. 

t4 tion and Its Effects Upon Buildability and Produc J_Vity". 

The work is concerned with the investigation of the design 

aspect and construction process of the new Wester Hailes 

Health Cen'... re, Edinburgh and seeks to develop further those 

fundament "inciples of buildabil-J. -ty known at this present -al pr 

time. The remaining studies connected with buildability 

b-talt outtwith the scope of the S. P.. P. in construction manage- 

ment are, firstly, a recent project by Ferguson 
(34) 

at 

U. M. I. S. T. School of Architecture, reviewing buildability in 
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the context of the private housebuilder. The second study 
involves the Scottish Development Department Building 

Directorate who are collaborators on the health centre study 

and are essentially, maintaining productivity studies further- 

ing their previous housebuilding studies documented in the 

review of literature and empirical studies. 

It is signi. 1- Eicant that analysis of the housebuilding pro- 

ductivity studies conducted in the early 1970's still 

generates a high degree of interest whenever it is presented 

at seminars or appears in written publications. Whilst 

this reflects the proficiency of the studies within their 

specific field, it also indicates that very little research 

has been undertaken since. 

The research study reflected in this thesis represents a 

marked leap in the progression of such design orientated 

research. Whilst retaining the practical nature of past 

studies, the research is directed not only towards technical 

aspects which are all important, but also towards consider- 

ing broader aspects of application. These aspects are 

related to the present and future requirements of industry 

such that the content of this thesis will fo= the basiss 

upon which to provide a genuine contribution to the U. K. 

construction industry. A specific area of research in which 

the academic profession may contribute is that of dissemina- 

tion of both institutional and industrial research 'Lindings. 
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Buildability, like many research subjects prone to investiga- 

tion, may f all by the wayside not -through inadequate under- 

taking or analysis, but through a lack of communicating the 

findings back into industry. Ways have to be found of 

fulfilling this requirement. 

Often it is the researcher within theacademic vrofession 

itself who identify potential areas for research and then, 

with difficulty attempts to generate interest in industrial 

circles-based on their interpretation of the problem and its 

importance to industry. An interesting aspect, in Ithe case 

of buildability, is that industry identified its own problem 

and integrated researchers and industrialists to investigate 

on their behalf. This is definitely alcase of research for 

industry, generated by industry'. 

fession and the construction industry Only when the academic pro. - 

combine their knowledge in the active pursuit of obtaining 

good buildability, will buildability as a theoretical concept 

and practical application be fuily understood. 
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RESEARCH FRAMEWORK & CONCEPTUAL OUTLINE 

4.1 RESEARCH ORIENTATION 

There is clearly a need to establish the dynamics underlying 

buildability as its comprehension in any specific area is 

thought to be also highly relevant in other areas. 

It has been recognised that a number of academic theorists and 

industrial practitioners have examined buildability by way of 

theoretical supposition. Others have attempted to apply their 

knowledge of buildability through practical application. 

It is evident that their approaches differ widely and con- 

sequently, the direction of their research and t-he conclusions 

they draw varies greatly. 

The review of literature and opinion within both the specific 

and generalised phenomena of buildability strongly supports 

a number of areas for research attention: 

The fundamental need to integrate the research directions 

of academics and industry through common understanding 

and complementary objectives. 

2. The recTairement to apply the theoretical knowledge to 

practical application and analysis through further empirical 

research to validate or invalidate the present conceptual- 

isations of buildability. 

3. The need to understand the nature of buildability within 

a dynamic and practical framework, and develop on-going 
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approaches to research. 

4. The requirement to develop more comprehensive techniques 
of collecting data and facilitating its analysis. 

The orientation of this study is to obtain an understanding 

of buildability in terms of a generic viewpoint and then with- 

in this, by investigating in some detail specific aspects. 

Not only is it intended to provide a greater awareness of the 

nature of buildability, but to be critical in approach. 

Certain principles concerning buildability have already been 

propounded. There is a requirement to take these established 

ideas, apply them to a practical situation., test them in an 

actual building application, and establish the validity or 

invalidity of-their advocation. Whilst this enables the 

assessment of the previous findings of others, it will also 

establish further principles for the increased understanding 

and future research requirement for buildability. 

It was mentioned earl. -Ler that buildability is primarily only 

in its evolutionary stages. Although a little is known about 

its theory and application there isno hard evidence available 

as yet. As a consequence, there is the problem of which 

research direction to pursue. 

At this point in time, the initial problem has been identified 

by industry showing major concern that present designs are not 
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providing value for money. Design has I? een uppermost as 
a focal point for investigation, as the design process is the 

aspect over which there is some degree of control. Also,. 
design is the conceptual image of any proposed building that 
the architect has in his mind and it is here where the problems 

clearly start. Combined academic and industrial research has 

developed the notion of buildability specifically identifying 

some of the problems involved. 

. -6 

One is then confronted with a number of significant aspects 

which together may form buildability but which are best con- 

sidered separately. In reality., a great many factors will 

influence buildability but for practicality areas of approach 

must be separated. Figure 8 illustrates the complexity of 

buildability when considering the design process and construc- 

tion functions. For the purposes of investigation, it may be 

a simpler task to reduce the concept of buildability into a 

small number of separate, although related, aspects. F--,. gure 

9 illustrates this proposal. 

There are four main areas within buildability research which 

are of immediate interest: 'technical aspects', 'methodological 

approach', 'wider implications' and aspects over which there 

J. s little or no control which for simplicity may be referred 

to as 'external factors'. From a research viewpoint these 

aspects merge discernibly into two groups, one area in which 

th., --e 
has been a prevall-ence of research whilst the other area 
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indicates that little work has been undertaken. 'Technical 

aspects' and 'methodological approach' feature in the former 

category whilst 'wider implications' and 'external aspects' 
are prominent in the second area. 

The two groups are additionally separated by the scope of 
their present applicability to research. Until a much wider 
knowledge of buildability is achieved research is likely to 

remain in the sphere of technical aspects where current pro- 

blems are apparent. Similarly, the methodological app. roach 

is important since this is an essential requirement in 

generating information to assist investigation. 

Although important, the external aspects incorporating managerial, 

organisational and environmental factors are not of immediate 

concern since these are aspects over which the designer has no 

control. Conversely, the wider implications are of considerable 

importance and will accordingly be discussed, yet presently 

the practical contribution of buildability within industry J-s 

likely to follow on from design rationalisation. The wider 

implications however are strongly related in that they repre- 

sent the media through which buildability may be recommended, 

or advantageously enforced, into practical use. 

The primary attention in Ithe present study is to gain a greater 

awareness of the technical aspects of buildability and estab- 

lish sound methodological approaches to examining and analysing 

buildability, then consider the wider aspects of buildability 
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implementation. 

The research study, described subsequently, reviews the 

practical investigation of buildability on the new Wester 

Hailes Health Centre near Edinburgh. The study incorporates 

4- 

I-Wo distinct aspects, firstly a six month pilot study con- 

sidering the methodolog4cal and analytical approach to the 

work followed by an eighteen month site observation and 

evaluation period. 

The observation and analysis of technical aspects of build- 

ability essentially considers the further deve1opment of 

design rationalisation with emphasis upon examining: 

1. -Simplification of design. 

2. Practicality of building sequence. 

3. Organisation of trade sequence. 

4. Appreciation of task interrelationship. 

5. Implementation of standardisation. 

6. Consideration of building tolerances. 

The conceptual facets of buildability have been transformed 

into specific aspects of construction work allowing the 

observation and collection of data to assess the contribution 

of these aspects. 

Methodological and analytical approaches consider potential 

methods of collecting both quantitative and descriptive data 
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assessing the use of 'activity sampling,, and visual 

techniques of 'time lapse photography', 'video recording' 

and 'still photographs'. 
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4.2 HYPOTHESES CONSIDERED 

When considering the investigative and analytical approach to 

buildability, the necessity of developing a questioning 

technique which involves both qualitative and quantitative 

assessment is apparent. In pursuit of this objective a 

number of highly critical and testible questions are developed 

for evaluation based upon the following considerations: 

N 

It is acknowledged that design rationalisation is, a critical 

aspect of buildability implementation, yet whilst some design 

details are recognised as being significantly influential, 

many other facets of design await identification. The 

exxmination of design to reveal such details is therefore 

recommended. Empirical studies have shown that the simplifica- 

tion of construction detail is of positive benefit to achiev- 

ing good buildability. It is equally evident however, that 

exploration into the technical aspects of buildability has 

been primarily into the narrow aspects of brickwork, floor 

joist arrangement and internal finishes. There remains a 

considerable number of construction details which may be 

simplified at the design stage in the interest of achieving 

good buildability. 

Having through Practical studies identified. specific aspects 

of design rationalisation that are considered to be a positive 

contribution towards achieving better buildability, it may be 
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asked if their contribution is significant in practice. 
It is believed that whilst some aspects of design rationalisa- 
tion implemented in past studies may achieve good buildability, 

there are certain aspects which are not conducive towards 

better buildability. It'is essential to recognise not only 
the positive attributes of buildability but equally appreciate 

its detrimental traits and to recognise weaknesses in both 

theory and practice. 

In the consideration of buildability, particularly the con- 

tribution of design rationalisation, sequence diagrams are 

advocated to be an important design aid and construction con- 

trol device. Although the construction sequence is treated 

as a logical and well def ined flow of events it is thought that 

in practice the sequence is not really that simple due to 

factors, some of which, fall outside the control of the designer. 

Since the on-site observation process will record the con- 

struction sequence and flow of activity it will be interesting 

to assess the use of the sequence diagram in a practical con- 

text. 

The planning of practical sequences of construction work and 

simplified trade interrelationships throughout the building 

process is strongly recommended, yet this proposition has 

inherent problems which require considerable understanding. 

It is believed that many difficulties are experienced due to 

the disruption caused by the working of one building trade 
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with another. The practicality of trade interrelationships 

is of great concern and moreover it is important to establish 
if the rationalisation of design can assist in alleviating 
the problems associated with complex trade working sequences 

and interrelationships. 

Standardisation is expected to be a contributory factor 

towards encouraging good buildability. Buildability does not 

necessarily imply the use of standardised components and 

modularly co-ordinated units and possibly environmental and 

market demands may dismiss this idea. - Although this aspect 

may appear desirable, standardisation brings with it the 

problems of co-ordinating work on-site and furthermore con- 

trolling some degree of prefabrication work off-site, con- 

sequently there is sufficient ambiguity as to its contribution 

to promote investigation into the concept of standardisation. 

The building tolerances demanded within the design details 

are an important aspect in providing a more buildable design. 

It is however suggested that buildab-ility criteria may be 

expecting too precise a degree of tolerance both in terms of 

the workmanship tolerances of different trades and also in 

the building tolerance between different components and 

materials. Flexibility of design has always been a feature 

of the traditional building process where changes may be 

effected relatively easily. However, the increasing demands 

for precision through the imp-lementation of good buildability 
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may restrict flexibility with the consequence that building 

tolerance may become totally un-sympathetic to the practical 

building sequence on-site. Building tolerances and the 

workmanship standard of different trades is an aspect of 

some importance and should be observed in practice. 

The last and perhaps most important area of interest in 

considering the observation of buildability is that of 

communication. The transfer of buildability criteria from 

design to -"%-he construction process is a problem of communica- 

tion. Although some emphasis has been given to this crucial 

aspect, difficulties with communication exist to hinder the 

implementation of bu. ildability. Communication from a purely 

technical viewpoint and, not with consideration for the wider 

impl4ications of buildability, is Of paramount concern. 

Information is conveyed by documents, drawings, specifications 

and verbally with the result that it is often totallv 

ineffective. It is imperative to identify the problems 

involved and suggest what mode of action might be required 

to assist in improving communication. 
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4.3 THE RESEARCH STUDY 

Background to the Project 

Since the late 1970's there has been considerable interest in 

extending the application of the principles of design 

rationalisation established in the earlier housebuilding 

projects into other forms of building. Of particular interest 

have been those building types such as schools, health centres, 

and similar public sector developments for which a continuous 

building programme is considered somewhat assured. Such a 

programme allows the possibility of some longer term benefits 

accruing from the introduction of positive buildability 

techniques. 

Such interest has been displayed by the S. D. D. through the 

t development of their rationalised designed housebuilding pro- 

gramme and who are now using the established principles in a 

programme of public sector health centre developments. 

Health centres are considered to be a particularly appropriate 

building type for a number of reasons. Firstly, there is a 

committed programme of health centre provision throughout 

Scotland that extends well into the 1990's. Secondly, as a 

building type they are sufficiently domestic in scale and 

traditional in design to benefit directly from the construc- 

tion methods devised in the housing work. Thirdly, the 

likeness between the previous housebuilding forms and the 
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health centre development is sufficient to afford a comparative 
data base for practical analysis of buildability criteria in 

application. Finally, central government departments are 

responsible for providing design guidance and standards, for 

formalising the briefing and procurement process and for 

establishing cost limits. Central goverrunent has a direct 

interest, therefore, in ensuring that appropriate facilities 

that represent value for money are obtained. 

In 1979,, the S. D. D. was commissioned by the Lothian Health 

Board to design a phased health centre development at Wester 

Hailes, Edinburgh. Phase 1 of the project has a briefed 

area of some 1150 square metres of floor space whilst Phase 

11 has not yet been finalised. The project design team was 

conventionally constituted with external consultants appointed 

by the client. The contract was let by competitive tender 

and administered under the J. C. T. 80 form of contract with 

the project programmed to start on site in May 1982. 

Lt was at this point that Heriot-Watt University financed by I 

the S. E. R. C. S. P. P. in Construction Management became involved 

in the buildability aspects of the health centre project 

thereby re-initiating the original work of Sidwell 
(3) back 

in 1970. 
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Research Site and Project Description 

The construction project involves the development of the new 

Wester Hailes Health Centre, Edinburgh. The health centre 

occupies a ground floor area of approximately 1150 square 

metres with main accommodation on the ground floor, and a 

small upper storey section. 

The building incorporates four medical consulting rooms, six 

dental suites, health education / physiotherapy, chiropody, 

and social work rooms, together with all medical ancillary 

requirements and services. 

The ground floor construction is of traditional insitu con- 

crete ground floor slab with downstand perimeter edge beam, 

single leaf loadbearing block walls form the supersti-ructure, 

with woodwool decking and timber joists finished in conven- 

tional felt coverings completes the roof enclosure. 

The upper storey section comprises lightweight prefabricated 

panels supported by an insitu reinforced concrete slab again 

timber framed decking. IF-inished with flat 

The external finish is roughcast and lightweight cladding 

panels for ground floor and first floor respectively, whilst 

the internal walls are dry lined upon traditional stud 

are plastered with all surfaces being painted. 
partitioning or 
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Services include a low pressure gas fired hot water system for 

the central heating installation, a limited mechanical ventila- 

tion system to the building's central locality, and standard 

internal plumbing and electrical installations. 

There are also related external works, general site works and 

necessary underground services, and anti-vandal protection 

work to the completed site area. 

The site is located close to the Wester Hailes Centre develoD- 

men-'C and occupies a confined position with the Social Work 

Department building to the northern aspect, the G. P. O. 

Telecommunications Exchange to the south, and with east and 

west bounded by public areas. 

The site of the construction work itself occupies a clear 

site in the Wester Hailes Centre development. The site, 

although not previously used for building, had a considerable 

quantity of excavated spoil material deposited upon the 

original surface and had been used also to accommodate other 

site compounds for neighbouring construction projects. 

Access to the site is provided by way of the public roadway 

from the roundabout to the north of the Wester Hailes Shopping 

Canl---re via an approach road to the neighbouring car park. 

(Appendix 2,, f i; 9ures 2 j, 3 and 4 illuss-st-rate the Wester Hailes 

layout) 
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The Wester Hailes Health Centre Project is a collaborative 

research study involving Heriot-Watt University Department of 

Building, and the Construction Research and Co-ordination 

Division of the Scottish Development Department Building 

Directorate. The aims of both Heriot-Watt and the S. D. D. 

are alike with buildability being the primary interest of the 

former party, whilst design rationalisation, a major aspect 

of buildability, being the S-D. D. 's focus of attention. 

The overriding objective in the commissioning of the p-, L,. -oject 

is to investigate the applicability of the buildability and 

design rational isations developed in the preceding housebuild- 

ing projects to a different building type. 

Although it is anticipated that the monitoring of the effects 

of design decisions and organisation upon the construction 

process will possess both human and other related factors, 

emphasis of the study is biased towards the consequences of 

design. In this pursuit therefore, a number of specific 

areas of organisational and construction interest in the pro- 

ject may be summarised as follows: 

a) the organisation of production drawings in a location, 

assembly, and component hierarchy. 

b) use of a referenced planning grid for the location of 

elementst components and assembly details. 

c) 'Che use of a self-finish concrete slab at ground and 
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first floor and the incorporation of sub-floor drainage. 

d) the use of a single skin external block wall with an 
independent internal dry lining and 1--he building in of 
windows. 

e) rationalisation of external and internal block coursing 
to minimise cut blocks and eliminate beam fill. 

f) the requirement for a high sound attenuation between 

rooms, the avoidance of flanking transmission and the 

use of sound deafening at roof level. 

g) use of standard joist sizes, joist hangers and a standard 
f irring set. 

h) the minimisation of cutting to fit for roof deck slabs. 

i) the reduction in the number of operations in 1-he roof 

system by the -use of a proprietary insulation system and 

torch-on cap sheets. 

use of pre-fabricated timber panels for the upper floor 

external wall construction. 

k) organisation of the services sub-contract and the distri- 

bution of services networks. 
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4.4 AIMS AND OBJECTIVES 

Having developed a number of questions to ask in the considera- 
tion of bui-ldability, these must be structured in such a form 

as to be compatible with the practicalities of the research 

study. As the overall intention is to make quantitative 

and aualitative assessments of a longitudenal case study, 

emphasis is upon implementing specific aspects of buildability 

which are known and to some degree understood, monitor their 

implementation and observe the effects, then review these 

aspects to provide data to answer the questions posed. 
Ir 

The methodology for the study is described in considerable 

detail subsequently. To facilitate the development and 

comprehension of methodological approaches in addition to 

understanding the generic attitude of buildability the research 

structure and objectives are divided into two different parts, 

the objectives of the main study, and the aims of the pilot 

study. 

A number of formal research objectives are promoted: 

1 Examine the relationship between site activities and design 

The objective is to promote greater awareness of the 

impact of design decisions upon the sequence of construction 

work, and identify those factors which have significant 

influence upon the construction process. 
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2 To establish a systematic,, accurate and reliable method 

of collec-t-ing data on buildability f or buildings of 

increased design complexity. 

This is concerned with the appraisal of existing quantitative 

and qualitative data collection techniques and the development 

of a practical method applicable to the health centre study. 

Greater emphasis must be placed upon developing a data gather- 

ing system. which is both structured and more advanced than that 

used on the previous housebuilding research projects. 
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5. METHODOLOGICAL APPROACH 

5.1 CONSIDERATION 

Building differs from most other industries in that the work 

p-Lace changes whilst the products remain in place. This 

consistent change of work place causes wide variation in 

working conditions. It also has a product which differs 

greatly from one project to the next, so that the wo.. -king time 

for apparently similar building operations is dependent upon 

a great many parameters. It is therefore reasonable to 

expect that the results obtained from a study on one site 

cannot be easily applied to the same operation on another site, 

unless the influence of each of these parameters is separately 

and precisely defined. 

In past studies of housebuilding it has been seen tha--L-. these 

parameters have been isolated and defined to such a degree 

that comparison is possible. This achievement is mainly due 

to the methodological approaches employed in monitoring the 

building site, the collection, recording and subsequent 

analysis of data. If a high level of consistency can be 

maintained in the research methods adopted, then a high degree 

of consistency will be present in the results obtained. 

The first part of this chapter describes the theoretical 

approach and practical app'Lication of: t-he B. R. E. Activity 
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Sampling Process, which forms the major part of the 

methodological approach towards making assessment of the con- 

tribution of buildability. Buildability is inextricably 

associated with productivity and as such, on-site observation 

is concerned with monitoring both productive and non-productive 

activities and, activity sampling represents a well tested 

and proved mode of collecting extensive quantitative informa- 

tion. 

The initial methodological intention of the buildability study 

surrounds the monitoring of the construction process to 

establish three levels of description of increasing rigour and 

detail. 

The 'base' level consists of a set of descriptive records 

of the construction process that are intended to capture 

as much circumstantial evidence as possible. The 
t4 techniques include the use of Lme lapse photography, 

still photographs and video recording, drawings record- 

ing the fabric growth through time, progress diagrams 

and bar charts and interviews with site and design team 

personnel. 

, f- . The 'second' level description represents the primary 1) 

and most important level of description with intention 

towards establishing the resource content, both in terms 

of labour and mechanical plant of selected operations and 

elements of construction. Present-ly, modified ac-ik--ivity 
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sampling or the use of video and photographic methods 
appear the most appropriate techniques. Contractors 

site records may also be used. 

3. The 'third' level description is directed at construct- 
ing a formal descriptive model of the construction process 
using a network structure and data collected at the first 
two levels. It is intended to establish an operation 
and activity set and network structure as perceived by 

the designer for subsequent comparison with the des- 

criptive model. 

It should be emphasised that the aforementioned descriptive 

s4k-ructure represents the tentative outline envisaged bef ore 

project commencement and, that the detailed methodology 

remained the prime objective for the pilot phase of the study. 
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5.2 THE BUILDING IRESEARCH ESTABLISHMENT ACTIVITY SAMPLING 
I 

PROCESS 

Introduction 

Activity sampling from a theoretical viewpoint, consists of 

observing and classifying a small proportion of a construction 

projects' total activity and, providing this sample is 

representative and suf f icien-'%--ly large to mainta-in statistical 

validity, it is possible to derive estimates of the level of 

activity of the whole project or any part of it. 

The level of accuracy and reliability is enhanced as the 

number of observations in the sample increases and what is 

regarded as an acceptable level of accuracy must be balanced 

against the cost and time of more exhaustive sampling. 

Activity sampling procedures may be applied in determining the 

activity levels of both labour and mechanical plant resources, 

and an extensive number of subjects may be observed concurrently. 

It provides an effective mean 

efficiency in the utilisation 

a valid form of data for both 

evaluation. It also enables 

tion towards those operations 

standard of performance. 

s of supplying a measure of 

of resources and represents 

productivity and buildability 

management to direct their atten- 

that do not meet an acceptable 

For some years, the fundamental concern at the B. R. E. has been 
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to achieve a more comprehensive understanding of the factors 

which determine the efficiency of site operations. A number 

of relevant B. R. E. publications 
(14,15,42,43,44) 

within 

the last twenty years reported on studies undertaken concern- 
ing the productivity of bricklaying operations. More 

recently, efforts have been directed into determining the 

effects of design upon productivity, 
(4j, 20,, 21) 

which is of 

greater concern to the present research. In simplified 

terms,, the main requirement for all the studies has been to 

examine how building operatives spend their time on site. 

The B. R. E. activity sampling process for assessing labour 

resource requirements on construction projects has been 

developed and refined consist-ently over many years. Since 

the early seventies there has been a marked tendency towards 

computer applications to assist in efficiently processing the 

large amounts of quantitative information generated in 

practical site research studies. 

The Blantyre study 
(20) 

completed in 1971 adopted the use of 

specially designed site data recording sheets capable of 

being read through an optically controlled input to the com. - 

puter. The B. R. E. process, at that time, included a newly 

developed computer programmed package that manipulated the 

data inl--o sets of predetermined tabulations. In addition 

to Blantyre, both tile Greenfield, 
(21) 

and Pitcoudie 
(4) 

studies were conducted by the S. D. D. using the B. R. E. method. 
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Activ Method 
I 

The detailed principles of the computer orientated activity 

sampling process implemented in the empirical research 

studies are comprehensively documented by the B. R. E. (12,45) 

"The B. R. E. Site Activity Analysis Package", (46) 
as the 

process is known, is written in Fortran IV language and pro- 

grammed on the B. R. E. I. C. L. 1900 computer using the George 

3 operating system. There is a comprehensive Logica computer 

users manual describing the operating system, although the 

B. R. E. themselves process the data for their users. 

v 
The main components of the method are recognised: 

Observers, based full time on site, make detailed observations 

following a predetermined coding system, at regular time 

intervals of the works in progress by observing each individual 

operative on site. 

Generally, the large amounts of data accumulated necessitates 

that automatic data processing techniques are used. 

Observations made on site are recorded on special O. M. R. - 

optically marked and read, forms which are specificaliy coded 

and input directly to an optical reader which transcribes 

the recordings onto magnetic disc in a form suitable for 

direc-%'-- input to the processing computer. 

Site observation and subsequent analysis using the package 

requires that the construction process and workforce be fully 
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described in coded form before site work commences. 

The work to be surveyed must be described in a hierarchical 

structure. At the uppermost -level, there is only one object, 

or parent code, and thereaf fter a series of descending, or 
lower,, levels each representing at least one object, or piece 

of information. The package allows the use of up to eight 
levels in its hierarchy including the top level, and there is 

no restriction on the number of objects in each of the lower 

levels. 

The relationship between the objects in the various levels of 

the hierarchical structure is 'top down' which requires that 

each level is defined in terms of components in the next lower 

level until the lowest level is reached. The base level is 

the one exception in which it is not necessary to specify any 

relationship with the levels above. Because of this, it can 

be used to describe what the operative is doing at the moment 

of observation without reference to any other parameter. 

For example, the observer can record an operative as 'walking 

on the site' without the need to specify where the operative 

was walking. The same considerations apply to operations 

like preparation of materials, supervision, or cleaning up. 

The following hierarchical structure describes the process 

applied to the housebuilding studies, which has been sub- 

sequently modified for the present research study. Each 

ope-rative sighting, coded by site observation onto the data 
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sheets . contains eleven attributes or separate items of 

information. These attributest coded by the observers con- 

tain the following details from each operative observation. 

1. The week number in the construction period. 
2. The date including the day and month. 
3. The site observers own code number. 
4. The round time when the observation was made. 
5. The operatives code number which specifies 

trade designation: joiner, bricklayer, 

labourer etc. 
6. The operatives status within the trade 

category: foreman, apprentice, chargehand etc. 
7. The house block number. 

The individual house number within each house 

block. 

9. The stage of work in progress. 

10. The operation within the stage of work in progress. 

11. The activity within the operation. 

A typical list of coding depicting the bottom level in the 

hierarchical structure illustrates activity: 

A Absent 

I Not working around site 

N Not working at work place 

W Walking 

BK Meal break 

CL Cleaning toolsr clearing up 

Fi Making the building grow 

H1 Handling 

P1 Preparation 

RO Rained off 

RT Repeat work 
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SU Supervision 
Tl Setting out 
T2 Testing works 
Ul Unloading 

The workforce is described by coding in a similar way, with 

the recording procedure coping with a maximum of three 

characteristics: for example, operative, trade and status. 

Further classification is possible since each operative may 

be allocated a number in a range of 1 to 9999, so that 

different ranges of n=bers may be used to further sub-divide 

the workforce. 

Although the formal hierarchy must be determined at the start, 

and followed explicitly, it is possible to update both the site 

and workforce descriptions at any time through the addition of 

new items. It is not possible to delete items however. 

The Observation Round 

The site observers undertake rounds in which observations are 

made at regular intervals such as the hourly intervals for the 

Blantyre site survey. To ensure that observations are as 

random as possible, the exact round times commence. at slightly 

altered intervals, usually by adding ten minutes from day to 

day, including further adjustments to allow for regular lunch 

and teabreaks, on a twelve day cycle. This introduces the 

['pre-determined random" observation pattern. 

Studies undertaken by the B. R. E. 
(12) have suggested that the 

sampling rounds be randomised to the twelve day cycle with each 
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day having different start times for the round. Additionallyr 

where it is possible for the observer to commence each 

observation round from a different location on the site and 
follow dissimilar routes from proceeding rounds, then the 

degree of randomness in observation is greatly enhanced. 

At the commencement of each observation round, both the date 

and time are recorded in the relevant space on the observation 

sheet. Observation rounds are commonly made at hourly 

intervals but the random element is introduced by varying the 

start point of the tour and taking different routes around the 

site. 
Ir 

For each observation the following recordings are made: 

WHO - the identity of the operative is recorded 
by using the prescribed operative number. 

2 WHERE - the code denoting the site location is 

recorded. 

3 WHAT - the task being undertaken denoted by the 

two part code describes the stage of work, 

or element, and within the element 16-he 

specific operation. 

4 ACTIVITY - the nature of the operation is defined 

as being the activity or inactivity depend- 

ing upon its contribution to the task. 

Ifected discreetly so that operatives Observations should be ef. L 

at work are not disturbed. In this respect, the B. R. E. 

have always taken care to employ observers who are sufficiently 

experienced in the building industry to be able to identify 
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trades,, and the construction tasks being undertaken, without 
the need for close observation. It may be suggested that 

dif f iculty may arise when operatives have to be identif Jied by Y 
the observers. In B. R. E. studies this has not been a problem, 

probably because the practice has been to employ the site 

observers from the commencement of the building contract and 

their familiarity with 4, --he operatives developes with the -cite. 

Preparing The Observed Data 

The completed data recording sheets are processed by the 

optical mark reader which transfers the information marked 

upon it to magnetic disc in a form compatible with the analysis 

part of the sampling process. The initial requirement in 

the computer data handling is verification of raw information 

involving checking the data against the site and workforce 

descriptions and checking that dates and times are logical, 

to remove simple observation errors. 

Errors must be corrected be-fore it is possible to proceed 

-C further with the analysis as the analysis package only accepts 

an error free or 'clean' and logical disc. Correct-ions may 

be made at the computer terminal, or using conventional input 

sheets processed by punched cards. There are limits to the 

amount of corrections which it is possible to make, as it will 

not always be possible to decide what the correct entry should 

have been and in these instances the item concerned has to be 

deleted. This is a problem which has virtually been eliminated 

in the latest implementation. 
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The total information collection in raw form is reduced into 

batches of easily manageable size for input to the process. 
As each batch, say one week or one month's sheets, is cleaned, 
it is transferred to an accumulated sample data file' which 

collects and stores the information prior to processing. 

Generating Output_Tabulations 

The tabulation possibilities are extremely flexible and allow 

the user to specify the headings under which the data is to be 

presented. The simplest forms are in two dimensions with a 

row limit of about 200 coded items and a column limit of 55 

coded items. The larger size of table requires more than 

one page of computer output,, consequently tables are of ten pre 

--sented in page format. Tabulations with up to four dimen- 

sions may be used by introducing page and group headings. 

It is usual for tabulations to be generated in man hour 

equivalents, although man-day equivalents may be specified. 

For the purposes of implementing the package, a man-day 

is defined in such a way that an operative is credited with 

one man-day if at least one observation has been recorded 

against that operative's number during the working day. 

Results may also be expressed as percentages or averages, or 

may be illustrated diagramatically as histograms. 

Selection facility of the package is comprehensive allowing 

any given aspect of the data to be withdrawn whilst the 
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remainder is stored. It is possible for example, to create 
tables of only productive activity, or present man hour 

expenditure on specific operations. 

Accuracy of-the Sampling Data 

The labour expenditure in man hour equivalents measured in 

activity sampling surveys are based on the statistical laws 

of probability. It is assumed that a random sample of work 

on the site will tend to have the same statistical distribu- 
06 

tion pattern as the actual, or real, work pattern on the site. 

The greater the number of observations in the sample, the 

nearer the estimate will relate to reality. The accuracy of 

the estimate for any part of the observation sample, for 

example, in an operation, can be calculated from the follow- 

ing formula assumed in the method. 

The formula giving the relationship between the degree of 

accuracy and the number of observations is: 

A NP 

where N total number of observations 

A degree of accuracy 

percentage occurrence of operation 

with: the values of A and P must be expressed in decimal 

form i. e. 5% = 0.0-5 
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Example calculations show the application of the formula. 

These are based on the Blantyre activity sampling survey: 

INp iP 

21- 100 
30 x 1.0 

36.3% 

Range = 30 + 36.3% = 41 

30 - 36.3% = 19 

In the Blantyre sampling survey, observations were made at 

hourly intervals, indicating that 30 observations collected 

for an observation represents 30 manhours. Applying the 

statistical formula, the range of manhours is derived which 

shows the operation observed may actually have taken more or 

less manhours than 30. 

sample may be tested: 

Sample 
Observation 

Using the formula any observation 

Range in 
Percentage Accuracy Manhours 

1 30 + 36.3% 19 - 41 

2 200 + 14.0 172 - 228 

3 1800 + 4.5 1716 - 1884 

The degree of detail or level of accuracy in methods of 

assessing labour requirements in construction should be con- 
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sidered in relation to the quality and use of the resulting 
information. If for example, details of manhour expenditure 

per specific trade over a complete site was required, then 

sampling may not be demanded, but rather information obtained 
from contractors labour return records would he sufficient. 

An advantage of broad but simple quantitative data collection 

of this type is that it is possible to cover a number of sites 

at a modest expense. Studies undertaken by the B. R. E., (6) 

used quantitative data from 48 housebuilding sites collected 

from written site records. 

If more specific information is demanded such as the total 

manhours apportioned to particular operatives within each trade 

category, and assigned to specific site locations, then the 

techniques of work study are required. It is from through 

this more detailed requirement that the B. R. E. has developed 

its activity sampling procedures. 

The activity sampling process is particularly useful for in 

depth studies of large numbers of site operatives since it Js 

possible to observe up to 100 operatives using 2 site-based 

observers. The process is also advantageous in that there 

is very little contact between the observer and the workforce 

employed on site. 

The B. R. E. activity sampling surveys undertaken at Blantyre, 
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Greenfield and Pitcoudie, gathered information for the whole 

site including external works, in addition -L-. o the houses 

themselves. This was only possible from a practical view- 

point with the introduction of computers to process the large 

quantities of data generated in the course of a site survey. 

To express the extent of information collected, the Blantyre 

survey gathered in excess of 140,000 individual site observa- 

tions, which when considered in terms of the hierarchical 

information structure in eight tiers, provides some 1.25 

million separate pieces of data. 

Although the figures expressing the information collected, 

appear very large and suggest inherent complexi-t--y, activil--y 

sampling represents little more than making regular observa- 

tions of what each operative is doing on site and where he 

is doing it. Accordingly, the degree of detail is governed 

by the number of observations made, this being the choice of 

the obsez--ver. The B. R. E. recommend that observations be 

conducted at hourly intervals. 
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5.3 THE APPLICATION AND DEVELOPMENT OF ACTIVITY SAMPLING BY 

B. R. E. APPROACH 

McLeish, 
(22) in his 1978 Ph. D. thesis entitled "Housebuild- 

ing Productivity :A Study of Labour Requirements on Scottish 

Building Sites Using Activity Sampling", made a comprehensive 

and critical appraisal of the B. R. E. Site Activity Analysis 

Package in application to the early housebuilding studies at 

Blantyre and Greenfield, from which the following assessment 

is made. 

The Blantyre Application 

The Blantyre activity sampling process was conducted by three 

site based observers, under the combined direction of the 

4 S. D. D. and B. R. E. for the site construction per&. od of eighteen 

months. The details of the Blantyre sampling survey is well 

documented in both the thesis by McLeish, and a number of S. D. D. 

Internal Notes. 
(4,, 20) 

With the exception of the work converting the information con- 

tained on the site observation recording sheets into binary 

coding to facilitate transfer to the computer package, process- 

ing of the collected data was undertaken by the B. R. E. them- 

selves. The B. R. E. later changed the raw data contained on 

punched card to magnetic tape. Using the magnetic tape, the 

data for each site week at Blantyre was processed together 

with a B. R. E. computer programme that produced the set of data 
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tabulations. As the data for each week was processed, the 

programme successively stored the information on a further 

magnetic tape. Finally, this data tape was processed together 

with a further B. R. E. prograimne that produced a set of total 

data summary tables. These summary tables were used for 

the overall data analysis on the Blantyre project, although 

for 'complete' analysis the B. R. E. found it necessary to pro- 

duce further tables produced by manual methods. This 

necessity essentially indicated that the computer produced 

summary tables had not been sufficiently developed at that 

stacre in the development of the system. 

The Application of Accuracy Criteria on The Blantyre Activity 
Sampling Data 

Utilising the statistical accuracy formula of the B. R. E. 

activity sampling procedure previously described, the follow- 

ing figures illustrate the statistical range of accuracy in a 

number of samples from the Blantyre data. The first three 

calculations shown were used to describe the formula applica- 

tion earlier in this chapter. 

Blantyre Accuracy Calculations: 

Sample 
Observations 

Percentage 

_ 
Accuracy 

Range in 
Manhours 

1 30 

2 80 

3 200 

4 600 

1800 

* 36.3 

* 22.5 

* 14.0 

* 8. o 

4.5 
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19 - 41 

62 - 98 

172 - 228 

552 - 648 

1716 - 1884 



When undertaking accuracy calculations, McLeish stated that: 

An important point to make for the detailed 

analysis is that the results are given in 
terms of average manhours per house for each 
house block on site. So the accuracy of 20 

manhours per house for an operation in a block 

of six houses is derived from a much higher 

accuracy of 120 observations than a single part 
of the sample of only 20 observations. For 

this reason the detailed analysis handles average 

manhours per house per block, as for many opera- 
tions the hourly observation sample by individual 

house at Blantyre is too inaccurate. " 

Development Achieved During Blantyre Study 

An evaluation was made in the initial stages of the Blantyre 

study of the proposed B. R. E. processing of the data to con- 

sider the feasibility of undertaking detailed analysis. 

Of all the tabulations generated, only one provided a record 

that would enable in-depth analysis. This tabulation simply 

listed in rows, each activity sampling observation collected 

by the site observers for each individual operative on each 

sequencial day throughout the contract period, which in total 

exceeded some 140,000 observations. 

As a result, it was quickly realised that informed analysis 

from the tables acquired would be in many ways restricted, 

with useful information being forthcoming only through manual 

manipulation of the both raw and semi-refined data. Very 
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detailed data would only be generated by re-processing using 

more sophisticated methods. 

Essentially, at the time of the Blantyre study, the original 

B. R. E. package had not been developed sufficiently to fulfil 

the requirements of sorting and tabulating the data to suit 

highly detailed analysis. To reinforce this evaluation, the 

Blantyre summary tables produced in a repeated processing 

exercise was considered also not to have developed sufficiently 

and a further set of summary tables had to be processed by 

manual methods. 

It was considered that further computer programmes were 

required to advance the B. R. E. method to meet a flexible sort- 

ing facility for the Blantyre data to enable detailed analysis. 

The main requirements were discussed with the B. R. E. and the 

Scottish Office Computer Service (S. O. C. S. ). The S. O. C. S. 

suggested that their standard set of programmes called the 

Scottish Office Computer Information Retrieval (S. O. C. S. I. R. ) 

system could be of benefit. The system supplied a variety 

of tabulations similar to those generated by the B. R. E. from 

data in a standard form which involves a number of variable 

components. In achieving this, the B. R. E. were asked to 

create a new computer file corresponding to the S. O. C. S. I. R. 

system,, which involved making two significant changes to the 

original programme. The first amendment meant that the 

programmes produced a table from only the data of each weeks 

observations. This table lists each correct data sheet in 
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sequence, and the results of faulty sheets, that required 

either amendment due to observation error or accuracy checks. 

The second amendment demanded that the programmes completed 

the processing operation by storing the observations for each 

week on magnetic tape, but now retaining all the attribul(I-es 

of each observation. In the original programmes the 

attributes of data, namely observation round time, date and 

I week number were not stored on magnetic tape on completion of 

the data processing for each week. 

The Greenfield Application 

The S. D. D. with continued assistance from the B. R. E. con- 

ducted the second site survey on Greenfield in 1972 for a 

period of approximately 20 months. It employed the same 

three site observers that had been involved in the Blantyre 

study. The Greenfield development, previously described, 

included approximately the same number of dwellings as the 

Blantyre project, there being 132 houses at Blantyre, and 

131 houses at Greenfield. However, in addition to the 131 

houses, there were 218 flats. This increase in total of 

dwellings had the effect of increasing the size of the 

observation sample by nearly three fold vastly increasing the 

observers work load. 

As a consequence, the interval between observations made by 

the site observers had to be increased from the one hour at 

Blant'--yre to one and a half hours at Greenfield to assist the 
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observers coping with increased observation requirement. 

Withstanding this adjustment, the Greenfield survey was con- 

ducted in much the same way as methods implemented at Blantyre. 

As with the Blantyre survey, the conversion to paper tape of 

the Greenfield data for each batch of one weeks recordings 

was undertaken, however, rather than processing the data at 

the B. R. E. the information was handled at the Scottish Office 

computing facility. After firstly checking the observation 
. 0. 

listings the data was transferred from paper tape to magnetic 

tape with the final programmes executed in February 1975. 

When all the weekly data batches for Greenfield were complete, 

the S. O. C. S. gathered all the data onto one magnetic tape and 

processed the information to provide a set of total data 

summary tabulations. As with the Blantyre data, an additional 

series of summary tables were produced by manual methods. 

Accuracy Criteria 

The same accuracy formula previously described for the Blantyre 

project was applied in the Greenfield survey, with the modi- 

fication of one and a half hourly observation rather than the 

hourly procedure at Blantyre. This alternative observation 

pattern is reflected in the three similar examples of assumed 

accuracy calculated from the previously described formula 

reflected in a table as that shown for the Blantyre data. 

As with the Blantyre data, the accuracy of the number of man- 
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hours per block for any operation in the detailed analysis, 
before division by houses per block, is preserved in the 

manhour per house results indicated. 

IN P 

1- 100 

\/ý20 
x 1.0 

44.5% 

. 
'. Range = 20 + 44.5% = 29 

20 - 44.5% = 11 

Sample Percentage Range in 
Observation Accuracy Manhours 

1 20 + 44.5% 11 - 29 

2 50 + 28.0 36 - 64 
3 140 + 17.0 116 - 164 

4 400 + 10.0 360 - 440 

5 1200 + 5.3 1136 - 1264 

Development Achieved During the Greenfield Study 

In addition to the output tabulations generated by the B. R. E. 

in association with the S. O. C. S. I. R. computing facility, a 

number of tables were compiled by manual methods on the 

Greenfield raw datar necessitated by a number of reasons. 

Firstly, there was a delay in developing the Blantyre data 

file by the B. R. E. for use with the S. O. C. S. I. R. system to 
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enable the commencement of detailed analysis. Secondly, 

difficulties arose due to the unavailability of resources at 

the time of processing. 

Overview of the B. R. E. Activity Sampling Process As-Applied 
to the Early Housebuilding Studies 

The Blantyre and Greenfield activity sampling surveys analysed 

in the assessment by McLeish generated large amounts of 

quantitative data that required the use of an extensive 

computing facility. Althcugh in the B. R. E. process the 

computer application was considered to be simple, the system 

was not sufficiently developed to produce the required series 

of analysis tabulations. Consequently, little data could 

be used from the computer generated output and recourse to 

the production of manual tabulations became necessary. 

This was considered to be a rather cumbersome task. How- 

ever, problems of this nature were identified at the intro- 

duction of the data handling procedure and led to the further 

development of the sampling method. The development of the 

B. R. E. process was reasonably successful and improved the 

rate of generating sampling data for detailed analysis. 

McLeish remarked that future activity sampling surveys should 

employ essentially the same method of implementation and 

development, albeit with the more sophisticated use of the 

computer application in processing the data to reduce the 

laborious task of manual processing. Through the use of 
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such a revised method it was hoped to eliminate the extensive 

amount of computer work involved in producing the many sets 

of weekly tables as generated for the Blantyre and Greenfield 

surveys. 

Upon producing the weekly tables for both Blantyre and Green- 

field, the B. R. E. activity sampling method again used a 

computer with all the data for each site to produce two sets 

of summary tables. These tables required additional manual 

sorting to meet the requirements of overall data analysis, 

which again could be assisted by computer applications. 

Withstanding these critiscisms, the B. R. E. sampling process 

was found to be an effective mode for the collection and 

analysis of data for the housebuilding studies. 

It was seen that a small degree of comparison was possible 

between Blantyre and Greenfield data, but only in an overall 

sun-u-narv form. The main problem experienced in the inter- 

pretation of results obtained was that there remained in- 

sufficient information to explain the variation in manhours. 

It was further recognised that methods of collecting more 

data on each operation would need to be explored if very 

deltailed analysis was to be possible. The consequence of 

this however, is the eventual. increase in the volume of data, 

and even ut-ilising computer techniques, the workload would 

be high, and increased costs incurred. 
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5.4 THE WESTER HAILES STUDY iMPLEMENTATION 

I 

I 

The critical objective of the methodology for the Health 

Centre study is that the collection of data in support of the 

monitoring should be both structured and reliable to a degree 

beyond that expected for the previous housebuilding studies. 

To develop the necessary comprehensive modes of observation 

facilitating the assessment of the interrelationship between 

construction operations and between trades, the observations 

need to be considered in relation to time and also the topo- 

gAr-aphy of the site. It is therefore essential to observe 

the activity of the entire construction site rather than any 

individual operative at work or any specific operation. 

On the earlier housebuilding studies information collected 

from the documented records of the contractor, architect and 

clerk of works was found to be particularly useful. This 

included data gathered from written site records such as 

'-he contractors labour return sheets, site resource alloca- 

tion sheets, minutes of architects meetings and clerk of works 

weekly reports. However, for the Health Centre study it was 

considered that this method represented only the most basic 

level of obtaining the necessary data and does not therefore 

retain the degree of structure nor reliabJA-lity for the pur- 

poses of long term data collection. 
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Observational Methodology 

Specifically, two types of recorded information were con- 

ceived for the Wester Hailes project. This incorporates 

data-based information concerned with the collection of com- 

parative quantitative data, with the second type representing 

opinion-based or qualitative material. 

Although opinion-based information is more subjective and 

relies substantially upon the experienced and objective con- 

sideration of the researcher, it represents an effective 

medium for supporting data-based observations. 

The fundamental requirement is the provision of both a com- 

prehensive and continuous 'description' of site activity. 

Data must be collected in a structured form such that the 

qualitative and quantitative information are complementary 

rather than conflicting in effect. 

The gathering of quantitative data forms the basis of the 

observation system. and is achieved through the implementation 

and further development of the modified activity sampling 

process of the B. R. E. which has already been described in 

this chapter. Its orientation is towards establishing the 

resource content of selected construction elements and their 

associated operations in terms of man hour expenditure. 

Qualitative information collection represents the second 
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method of gathering data. The purpose is to generate a com- 

prehensive set of descriptive records of-site activity. 

Visual methods are considered in this category with the use 

of time lapse photography, still photographs and video record- 

-4 Lng being prominent. These methods are supplemented, as are 

the quantitative methods, by a structured site observers daily 

diary recording as much factual and opinion-based information 

as possible. 

To maintain continuity and rigour during the observation period 

it was found necessary, as it was also found necessary on the 

previous housebuilding studies, to locate an observer full time 

on site. In this particular instance one observer was con- 

sidered, suitable for this undertaking due to the confines of 

the construction site. It is considered that information 

collected by any method other than full time observation 

would be far less structured and most unreliable. 

Additionally, a greater awareness of what actually proceeds 

on site is obtainable which assists in the recording of the 

descriptive aspects of data collection. 

Human considerations are no less significant and it is suggested 

that observation is more acceptable to the work-41-force if the 

observer is present on a full-time basis as familiarity is 

conducive towards establishing a good industrial relationship 

between the observer and active participant. 

The further methods of information collection, those of time 
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lapse photography, still photographs and video recording 

techniques, have not been used extensivelY in the U. K. con- 

struction industry. These techniques, particularly that of 

video recording are therefore treated as somewhat of an 

exploratory contribution. 

Monitoring Method 

The B. R. E. Activity Sampling Process as implemented on the 

Wester Hailes study required some modification from the 

previous housebuilding study application. Essentially, the 

Health Centre activity sampling study followed the same 

p. -Locedure as the previous housebuilding studies, with the 

obvious exception that whereas previously it had been necessary 

to monitor blocks of houses, this study focused upon an 

isolated and well defined site. 

As described in the theoretical review of the B. R. E. activity 

sampling process, it is necessary to reduce the construction 

work into specific aspects of study for observation purposes 

using a predetermined coding system. The hierarchical nature 

of the data collection was clearly established for the coding 

system and it was decided that it was necessary for the 

observer to record during each observation round the following 

9 attributes for each individual operative: 
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I Date 

2 Time 

3 Observer identification number 
4 Observation sheet number 
5 Operatives identity number 
6 Location of workplace 
7 Element of work 
8 Operation of work 

9 Activity being undertaken 

The information for the 9 attributes listed are observed 

and recorded on a specially designed optically read marking 

sheet. (see Appendix 3, figure 5) 

Coding the Information 

1. Trade list operative code - 

Each operative is allocated a personal identification 

number denoting that persons trade and status. In 

this way confidentiality is assured as names are not 

recorded in the collected data. The list, (appendix 

3, figure 6), illustrates that each trade group is 

allocated a block of numbers within which the status 
is denoted. For example, the bricklaying trade is 

given a block of numbers from 101 to 200 which is 

subdivided into four categories of numbers to include 

the four levels of status within the bricklaying trade. 

2. observer locations - 

The building is divided into areas denoting observer 

locations simplifying the practical monitoring exercise. 

This is reflected in Appendix 3, figure 7. Locations 

1 to 49 represent the observer locat]-ons of the ground 

floor area, whilst 50 to 59 inc-Iudes the first floor 
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layout. Location 60 represents the boiler room, 

3. 

4. 

61 covers all external works and 70'reflects other 
work which cannot be apportioned to any specific 
location within the building perimeter. These 
locations were designed by considering the layout 

of the ground and first floor slabs appreciating 
the envisaged final position of the individual rooms. 

Element and Operation Listing - 

The construction work undertaken is denoted by a 

two-part code which defines the stage of work or 

'element', then within this element the specific 

'operation'. For example, work to ground beam 

foundations is represented as Element 8- ground 

beams subdivided into four operations: blinding 

concrete, formwork and reinforcement, pouring the 

concrete and removing the formwork. The listing 

of constructional work is reflected in Appendix 3, 

figure 8 and includes 42 elements subdivided into 

137 operations. 

Activity List - 

The work element and operation is then denoted by 

a code to reflect the 'activity' within that item 

of work. The activity is considered to be either 

'productive' or 'non-productive'. The list 

including 11 productive activities and*5 non-pro- 

ductive activities is shown in Appendix 3, figure 

The productive activities include work which 

can be ascribed to an operation such as IF11 - 

-making 
the building grow. Non-productive activity 
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cannot be related to any specific operation such 

as 1W I- walking around the site. 

At the conclusion of each observation round the observer has 

a documented coded record of each individual site operative, 

where he is, what he is doing and whether he is productive 

or non-productive. 

Once the observations have been recorded on site via the 

optically marked sheets the information is accurately trans- 

cribed to a computer file as described in the review of 

B. R. E. methodology earlier in this chapter. Thereafter, the 

stored data enables the user to analyse and tabulate informa- 

tion in a variety of ways and tables may be presented for 

all the data or specific parts of it. 

Output Tabulations- 

Output tabulations are presented in terms of manhour expendi- 

ture for all operations. These are collated and presented 

in a variety of forms as two dimensional tables, for example: 

Date 

Date 

Element 

Operation 

Date 

Element 

operation 

Activity 

Activity 

Location 

Numerical totals for man hours expended in completing each 

operation may also be adjusted to provide totals in percentage 
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terms of all or any of the elements and operations and 
I 

information may also be displayed graphically as gantt charts. 

Output tabulations are considered in greater detail in chap- 

ter 

When implementing the monitoring process a number of decisions 

were made after careful consideration: 

observation frequency- 

At the commencement of each round of observations both the 

date and time is recorded. As previously detailed, 

observation rounds are usually made at pre-determined but 

random intervals. The more frequently the rounds are made, 

the more closely the sample of observations will correspond 

to the actual site situation. 

on the Health Centre project it was considered to execute 

observation rounds at hourly intervals, very much in keeping 

with the use of the system in previous studies. However, 

further investigation of this revealed that when a project 

such as that at Wester Hailes where work is well defined into 

a small number of operations, less frequent observation still 

permits a high degree of detail to be obtained whilst retain- 

ing a high level of statistical accuracy. It was therefore 

decided to complete observation rounds on a two hourly basis 

rather than hourly. 
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Although it is appreciated that construction operatives will 
I move from one work location to the next quite frequently, 

Jt is considered most unlikely that any given operative 

would work on more than four operations during the course of 

any particular day. This is further reinforced since the 

construction sequence is broken down into discrete work 

packages which in theory each should be completed before 

the successive ones are commenced. 

overall, it was considered that two observation rounds in the 

morning and two in the afternoon would adequately reflect the 

work upon which the operative had been employed that day. 

Accuracy- 

In undertaking such an activity sampling exercise the level of 

accuracy of the recording mechanism is obviously of some con- 

cern since the requirement for data collection is to reflect 

accurately what occurs on site. Had the research interest 

focused purely upon the collection of highly quantitative 

data it would be pertinent to observe at shorter tLne intervals 

such as, the one hour interval, or even less, if a high degree 

of rigour is demanded. 

on the previous sampling studies it was apparent that the 

requirement was to find a proficient level of accuracy given 

that a large number of individual observations were to be 

made. In the case of Pitcoudie some 100,000 observations 
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were demanded. The envisaged number of individual observa- 

tions for the Wester Hailes Health Centre over a 12 month 

contract period at 4 observation rounds per day would be 

approximately 10,000, a greatly reduced figure in comparison 

with the housebuilding studies. 

The observations concerning the housebuilding studies were 

based upon the premise that 'one observation on a particular 

task represents one manhour' since observation rounds were 

an hourly feature. Likewise, in the Health Centre implementa- 

tion observations were made at a two hourly interval and 

accordingly, 'one observation represents two manhours'. 

Consultation with the B. R. E. prior to observation revealed 

that an estimated degree of statistical accuracy based on two 

hourly intervals would be approximately 2%. Certainly, the 

expecte-d accuracy would not be as high as that achieved during 

the previous housebuilding studies. This can be illustratted 

if an example of 10,000 observations is compared with that of 

100,000 observations. 

Using the mathematical equation : 

A NP 

Compare the observations of 100,000 and 10,000 with an 

activity that rePresents 5% of the total activity. 
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0.05 
0.0276 or 2-1-2% 100,000 x 0.05 

2 0.05) 
0.0872 or 8! i% 0x 1c), 00 0.05 

The above calculations show that in the larger sample size only 

2ý% of the observations are likely to result in error, whilst 

in the smaller sample as many as V2-% of observations may be 

attributed to error. From this it is conclusive that 'the 

greater number of observations, the greater the degree of 

accuracy' in the recording mechanism. 

9 

It should be stressed that the above represents a mathematical 

estimate of possible error. It is not intended to suggest 

that all observations maintain inherent discrepancies. Of 

far greater validity is the recording of actual observation 

error which is provided subsequently and suggests in which 

areas of monitoring errors are likely to occur. 

Observers Site Diary - 

Whilst the activity sampling process expresses the physical 

description of what occurs on site, this information needs to 

be supplemented by detailed information concerning the 

utilisation of labour and plant resources, methods of working, 

the interrelationship of trade activities and the like. 

Such qualitative or opinion-based data is not reflected JLn the 

activity sampling process. Therefore, another data collec- 

tion mechanism is required hence the requirement for using a 
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'structured daily site diary'. The diary, together with 
the observer's guidance notes are given in Appendix 3, figure 

lo. 

The diary records 17 aspects of information concerning the 

potential day to day activities on site: 

1 Weather 
2 Temperature 
3 Week number 
4 Day 

5 Date 

6 Workforce on site 
7 Piant on site 
8 Materials delivered 
9 New operatives arriving / those leaving 
10 New plant arriving / plant leaving 
11 Work observed 
12 New work started 
13 Existing work completCed 
14 Work methods 
15 Progress achieved 

16 Overtime working 
17 Changes to observation coding 

The category denoted 
-181 the element of quick check 

liSt4Ang 

shows a sequential list of construction elements which are 

marked in accordance with the guidance notes and lists the 

work executed on any element during each day for the purpose 

of quickly checking the overall work activity. 
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5.5 EVALUATION OF ACTIVITY SAMPLING METHODOLOGY 

The process of activity sampling is based upon the assumption 

that the ratio of time ascribed to any activity is approxi- 

mately equal to the number of observations made on that 

activity. By observing a small proportion of a construction 

project's total activity it is possible to calculate the 

activity of the whole project or any selected part of it. 

This ability is the fundamental and real value of the method. 

The significant difficulty in the collection of such quantitative 

information is the time and therefore cost that is entailed 

in preparing for the collection of data, the collection it- 

self and the subsequent analysis. 

Activity sampling reduces both the financial expenditure and 

time involved compared with other methods of data collection. 

The B. R. E. advocates activity sampling primarily for reasons 

of speed and economy for the generation of large amounts of 

quan't-itative data. However, despite the advantageous 

potential it should be recognised that the method does have 

practical limitations and shortcomings. 

Problem Areas 

The Health Centre study revealed a number of problems with 

the development of the modified activity sampling procedure. 

Problems exist within two broad categories. Firstly within 
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the mer-hod itself which in general may only be defined, 

understood and to some extent controlled, rather than be 

totally eradicated. Secondly, problems occurring through 

the way in which the information is collected and subsequently 

used. 

I (a) Problems in the Method Itself 

The statistical method of activity sampling does not give 

exact answers and this must be recognised. What it does 
. 1% 

provide is reasonably accurate information to within known 

parameters. If this fundamental concept is accepted then 

the problem ceases to be a problem. 

It is well known that the greater the number of observations 

made,, the greater the degree of accuracy will be obtained. 

However, this should be outweighed by the fact that the 

observer has less observations to make and therefore has time 

to introduce more care and rigour. In practice this appears 
I 

not to be the case as the Health Centre study indicates that 

observational problems do occur: 

All the observations have been scrutinised manually such that 

the 'actual' level of observation error may be established as 

f ollows: 
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Accuracy of Observation - 

TOTAL NUMBER OF OBSERVATIONS 8353 

ERRORS PER ROUND PER OPERATIVE 798 

In a simplified calculation of observation error: 

Observation error - 
Number of errors 

Total of observations 

798 
8353 

0.095 or 91-% 12 

Ir 
The above calculation shows that some 9ý2% of observations 

made contain an error of some form. Whilst this is an 

extremely high figure and warrants considerable cause for 

concern, it is not truly representative of the actual 

observation error incurred. 

Within the total number of observations of 798 there are 

further observation errors since each observation per round 

per individual comprises the observation and recording of 7 

attributes, or pieces of information, and mistakes may occur 

to more than one attribute when making the recording. 

Errors to these attributes are as follows: 

Observation error recorded 

to: 
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Date 2 
Time 9 
Location 4 
Element 215 
Operation 9 

Activity 14 
Operative code 642 
Un-attributed error 10 

Total no. of errors905 

Calculation of Observation Error - 

Total pieces of information recorded = total observations 

x number of attributes 

= 8353 x7= 58471 

Observation error = 
Total no. of errors 
Total observations 

905 
58471 

0.0155 or 11--2% 

The calculated figure of lk% shows the actual error incurred 

during sampling on site and which is attributable to inadequacy 

of recording by the observer. Unfortunately, there are no 

such details of observation accuracy on previous sites utilis- 

ing activity sampling procedures. Despite the absence of a 

comparative medium however, the observation error of 1-12% is 

highly commendable. 

The success is further enhanced when examining the reason for 

error. Referring to the list of errors on the preceding 
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page, 642 errors are attribulted to errors involving operative 

codings. in fact, a duplication of codings for floor layers 

and gas fitters on the 'Trade List : Operative Code and Numbers' 

(see figure 6 appendix 3) accounts for these errors. 

If the calculation is repeated with the omission of the 642 

errors due to coding, a marked reduction on the 1-3, -% error 

is achieved: 

observation error - 
263 (905 - 642) 

58471 

= 0.005 or 
k% 

Statistical and Observational Error - 

The 'total system error' in undertaking observation and 

recording using the B. R. E. activity sampling procedure may be 

said to be the error resulting from actual observation 

deficiencies combined with statistical error inherent within 

the probabalistic processes of the sampling system. 

As previously described the B. R. E. estimate of statistical 

error is approximately 2% and with the addition of -3, -% for 

observational error only a total system error of 21,2-% is 

apparent. 

Un-attributed Error - 

In the list of 905 observation errors, 10 errors occurred for 

which explanation has not been found. Although perhaps 
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insignificant in terms of this study, errors of this type 

are disturbing if only because they are un-attributed to a 

specific cause. In seeking suitable reasons for their 

presence in the system the B. R. E. suggested temporary mal- 

functioning of their optical mark reader, the device which 

transcribes the handwritten site O. M. R. forms to the comput-er 

data file. To verify this, the same raw data was processed 

a second time whereupon all the information which had pre- 

viously been disregarded was corr. --,, ctly interpreted by the 

O. M. R. reader. 

(b) Problems in Information Collection and Processing 

Controlling the Coding Complexity - 

As the number of categories into which activity may be 

classified is increased the, identification and recording of 

the observation becomes more difficult. This problem may 

be overcome by limiting the number of categories to a 

managable size and by arranging them in order of importance. 

The major concern relates again to accuracy criteria where 

in many cases of observation it is not possible to reduce 

the number of categories into which information is recorded. 

Under such circumstances the results obtained are so much 

more dependent upon the experience and skill of the observer. 

With the Health Centre Study the architect had, prior to 

site observation, reduced the construction work into a 
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realistically managable number of elements and operations. 

To some extent this capability is dependent upon the degree 

of complexity of the building and the physical extent of the 

site itself. 

The Observation Round - 

The ability of the observer to accurately record what is 

happening and only what is actually happening should not be 

presumed. Even simple statistical field counts devoid of 

complexity from say a range of activity categories may present 

problems. The Health Centre study used 42 elements, 137 

operations and 14 activity categories and thereby invited 

observation complexity. 

The type of observation round problem may include the follow- 

ing: 

Pre-judging the observation, or waiting until 

thesubject does something. 

2 Being seen by the subject, who then changes 

his activity before the true observation 

could be recorded. 

The observer may in some cases have insufficient 

know. Ledge to quickly recognise what he sees. 

It should be recognised that there is a void between theory 

and practice. The skills of the activity sampling observer 

are easily learnt and with practice the level of proficiency 

-he previous housebuilding studies observers increases. with t 

who were highly conversant with the demands were employed. 
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In the Health Centre study an observer with little experience 

was used with the recognised consequence that some degree of 
inaccuracy would occur in the initial stages of observation. 

Observation Round Time - 

The requirement of the observer to change routes and vary the 

start time of each round to ensure randomness is, perhaps, 

given too much emphasis in activity sampling studies. 

The inherent random nature of construction activities goes 

some way in achieving this objective itself. Round commence- 

ment times derived from random number tables would be essential 

in short-term cyclic operations, but is un-necessary on the 

majority of building sites. 

Sampling schedules are available from the B. R. E. for under- 

taking activity sampling studies requiring a very high degree 

of rigour and completeness but the norm is not usually so 

demanding. The regular interval between observation rounds, 

provided there is adequate time to complete each round, ensures 

the maximum number of rounds and hence observations to be 

-possible in any one work period. Random number tables and 

sampling schedules result in some observation rounds being 

too closely spaced whilst others have unproductive intervals. 

For the Health Centre study,, the observer was instructed to 

vary the observation round time but not to any specific pre- 

determined random schedule or prescribed route, yet the out- 
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come does not appear to have suffered as a result. Pro- 

vided randomness is ensured, by some means, over-elaborate 

aVo 4 round arrangements should be J-ded. 

Coding Error - 

As the observer is required to make observations to quite 

detailed coding requirements in terms of element, operation 

and activity differentiation, some coding errors are expected. 

The Health Centre study reflects this situation through pro- 

blems experienced in collecting the coded information by the 

observer and also coding discrepancies in the base informa- 

t the sampling process. k-ion of 

The observation error realised in this study indicates some 

1ý% of total observations made, or in numerical terms 905 

manual observations were incorrect. As previously explainced 

642 of these are attributed to a discrepancy in the base 

information provided to the observer in his guidance notes. 

Admittedly, this base error should not have occurred, or 

having occurred, should have been readily identified by the 

observer during. execution of the sampling process. In fact, 

this error persisted and although it was subsequently recog- 

nised and amended, it does serve to illustralt-e how such a 

simple error may have a dramatic effect during implementation 

of the sampling process. 
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Cleaning the Data - 

Given that some degree of error is likely to occur, an 

important aspect of the sampling process is 'cleaning' of the 

raw data. Although tedious and time consuming in practice, 

the correction of errors is relatively simple to undertake. 

In the Health Centre study, although the correction of raw 

data could have been undertaken by the B. R. E. it was decided 

albeit due to a lack of resources at the B. R. E. to undertake 

this task manually. An 'Input Data Listing' provided by 

the B. R. E. listed sequentially by date all observations made. 

Anomalies in the data could be easily identified with refer- 

ence to the coding guidance notes and the correct information 

abstracted from a second set of O. M. R. forms compiled by the 

observer. These were then input to the B. R. E. computer to 

generate a clean set of tabulations. 

Processing Schedule - 

The B. R. E. process is designed such that information collected 

can be processed on a regular basis, usually weekly or monthly 

as requirements ýdictate. During the housebuilding studies 

weekly tabulations were generated. However, due to insuffi- 

cient resources at the B. R. E..,, the Health Centre information 

was not processed on a regular basis as originally envisaged 

but on what must be said to be an intermittant basis. This 

invited problems in the generation of output tabulations and 

it is considered that a three month time period was lost due 
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to this lack of data processing rigour. The actual output 

information available -. Erom the process for analysis was in 

no way impaired by the problems experienced. It is noneth-1-21- 

less highly recommended that a reasonable degree of organisa- 

tion be given to considering future processing structure. 

Applicability 

Although having experienced a number of problems in implemen- 

ting the activity sampling process, in practice the- system 

was highly conducive towards generating the type of informat- 

ion demanded by the objectives of this study. The initial 

impression of the B. R. E. system was that it maintained too 

great a degree of complexity or was rather too sophisticated 

for the overall requirements of the Health Centre study in 

providing essentially manhour analytical information. 

Having used the B. R. E. process however, it is questioned if 

in fact the system is the ideal solution to the research 

problem. The emphasis throughout empirical productivity 

studies has been towards generating large amounts of quantit- 

ative data in terms of establishing manhour expenditure for 

construction operations. Minimal attention only has been 

directed towards obtaining information which explains the 

quantitative data derived and presently, qualitative data 

collection retains an absence of rigour to sufficiently 

complement and support quantitative evidence. 

This is considered to be the major drawback to the B. R. E. 
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sampling process. Perhaps an over-critical statement is that 

I far greater development of the sampling process might have 

I been reasonably expected over the twenty year period the 

system has been in use. Certainly, enough concern is expres- 

sed to warrant the investigation of modified or alternative 

methods of data collection for future application. 

Essentially, the requirement exists for a more balanced 

approach to data collection and analysis which facilitates 

some degree of uniformity between quantitative information 

to form a reliable data base and, qualitative or descriptive 

data to augment this with informed explanation. 

A number of problems prevailed in the Pitcoudie studies in 

that coding errors in-the base information provided to the 

observer were carried through the processing and analysis 

stages giving somewhat inaccurate tabulations in the services 

category of operations. Whilst it is not suggested that this 

is a gross error in that statistically the accuracy was within 

+ or - 3% it does highlight that errors can easily occur which 

might lead to dubious output data. 

The identical problem occurred on the Health Centre project 

which has been previously explained in this chapter, and which 

would have gone un-noticed had the input data not been scrut- 

inised manually prior to processing and analysis. So, in 

addition to further developing more comprehensive data collec- 

tion procedures, effort must also be directed to creating a 
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more rigourous base inf ormation collection system, 

Although the B. R. E. approach has successfully provided 

mathematical data bases for the S. D. D. in many housýng 

productivity studies, the analysis of these studies has been 

constrained and, somewhat lacking -. In convincing results - 
Conventional manhour analysis cannot provide substantial 

evidence to justify many of the claims that have been made. 

in their studies. 

Whilst it is not suggested that empirical studies have failed 

to meet their objectives, it is suggested that their object- 

ives might have been mis-directed and, inadequate in detail, 

to capture sufficient information in support of 1--heir findings. 
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Chapter 

Analysis 



6. 

6.1. ANALYSIS STRUCTURE 

ANALYST, S 

The nature of systematic analysis of construction site opera- 

tions presents some inherent problems of method. On site, it 

may be the intention to test a number of hypotheses concurre- 

ntly and it may be difficult to distinquish between the effects 

of one aspect of concern from another. Equally, there may be 

little awareness of the potential sensitivity of the p-Loposals 
IN 

to the many other variables that may affect buildability and 

levels of productivity and which lie outside of the specific 

area of interest. 

Whils-IC the ultimate objective of analysis might be directed 

towards evolving models of site activity, it may not be 

possible to pass directly to this stage of comprehension. At 

present, there has not been a descriptive technique developed 

which is sufficiently adequate to provide a comprehendible 

account of the complete sequence and inter-relationship of 

site activities. 

It is appropriate to approach the problem of analysis in a 

number of logical stages, each of increasing detail and preci- 

sion based essentially upon explaining the quantitative data 

and, then to support this with descriptive detail and criticism. 

Chapter 6 is concerned with the analysis of both quantitative 

and qualitative data collected through the methodological 
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approaches described in the preceding chapter, The analysis 
structure is divided into three areas of interest, the first 

of which assuming prime importance since this is concerned 

with the analysis of quantitative data. The latter- categories 

of interest, these being an assessment of the technical aspects 

of buildability and, an insight into the broader implications 

and the contribution of buildability to the industryl seek to 

build upon the interpretation of quantitative data to provide 

valid evidence from both a quant., -tative and qualitative view- 

point. 

""he initial step in the analysis ol data is the derivation, 

collation and, interpretation of tabulations from the B. R. E. 

activity sampling process. This will present a clear indicaý- 

tion as to the levels of produc-14--ivity achieved in terms of 

manhours expended throughout all the activities within the 

building phase. 

In order to examine and express critical comment upon the 

results obtained from the sampling process it is necessary to 

make comparison with other work. The tabulations provide 

quantitative information in such a form as to facilitate a . I. - 
high degree of comparison with the previous housebuilding 

studies based upon similar traditional construction design. 

it is important to appreciate those policies and decisions 

that are being tested on the Health Centre study and whethe., 

they match those of previous studies against which comparison 
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is being made. It is in addition, pertinent to consider if 

any decisions were made with builaabil-ity/productivitY 

criteria in mind or for other reasons and, are these criteria 

reflected in the resulting tabulations. 

The level of site productivity and the interpretation of the 

-ibution of good buildability represents only one specific cont., 

area of the building process with many other f actors af f ectUng 

building policy and design. Accordingly, any potential meas- 

urement of buildability and productivity records the outcome 

of a wide range of decisions made for a variety of reasons. 

The next stage in the progression of analysis is, having est- 

ablished. the-levels of productivity achieved via the examin- 

ation of quantitative tabulations, to provide valid explanat- 

ions for how and why these levels occurred. it is hoped that 

aspects of good buildability incorporated in the building 

design will assist in achieving a higher level of productivity 

compared with previous empirical studies. It may be the case 

however, that aspects of 'bad' buildability will have emerged 

to significantly influence a lower level of productivity being 

achieved. 

It is more likely that both aspects of good and had buildabi- 

lity will feature in the design and, it may be. that invest--'Lga- 

tion should be directed towards other influential factors 

outwith the nature and scope of the design. Irrespective of 

their orientation these 'factors' need to be identified and 
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their contribution assessed in practice. 

It is additionally intended to be critical of design ration- 

alisation since it is believed that whilst some of its princ- 

iples may be influentiall many issues which have been advocated 

by exponents of buildability do not provide as beneficial an 

effect as that propounded. Moreover, it is suggested that 

other construction project factors render greater influence 

than the principles of design rationalisation and, that in 

recent years . interest has been falsely directed towards design 

influences when other factors have predominated. 
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6.2. INTERPRETATION OF QUANTITATIVE DATA 

Derivation of Data Tabulations 

As with previous studies in which the B. R. E. activity sampling 

process has been employed, quantitative information is prov- 

ided in a tabular form to allow ease of understanding and to 

facilitate a high degree of comparison between data from 

different sites. It is imperative to remember that comparing 

the overall figure-s can be misleading,, particularly with 

housebuilding data because manhour expenditure for building 

on apparently similar sites can reveal surprising variation 

where, for example, house types on different sites were not 

exactly identical. Similarly, comparison between the house- 

building sites and the Health Centre study could be equally 

misleading and accordingly careful consideration must be given 

to structuring the data such that definitative interpretation 

and accurate conclusions may be drawn. 

The B. R. E. activity sampling process provides tables of figures 

in a variety of formats. Each table is two dimensional with 

an available choice in the information which may be displayed 

on each axis, referred to as 'row selection' and 'column 

selection' for the X and Y axis respectively. Each table is 

given in terms of manhour expenditure drawn against each axis 

and totalled at the bottom and also right hand edge of the 

table to present a cross-referenced final total. 

There are variations based upon this format depending upon the 
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nature of the information required on the. table, Tabulations 

may also be provided in percentage f igtires, which is a format 

of considerable application for ease of reference in this 

study and also tables may be time based for modification to 

Gantt chart presentation facilitating diagrammatic represen't--- 

ation of the data. 

Output tables are available in the following forms-. 

Row Column Information 
Selection Selection Provided 

Element Activity lists the manhours recorded 
for each element giving the 
productivity and non- 
productive totals. 

Element Activity as above, but expresses man- 
hours as percentage of total 
activity. 

Operation Activity lists the manhours recorded 
for each operation giving 
the productive and non- 
productive totals. 

Operation Activity as above, but in percentage 
terms. 

Element Trade lists the manhours recorded 
for each element for each 
trade giving productive and 
non-productive totals. 

Element Trade as above, but in percentage 
terms. 

Location Element lists the manhours recorded 
for each element assigned 
to specific site locations. 

Date Element lists the manhours recorded 
for each element against 
date. Enables totals in 
manhours or may be modified 
to Gantt chart format. 

Date operation as above, but in greater 
detail listing operations 
rather than elements. 

174 



Off the available tabulations, the most important are those 

'which ref lect I element I against 'activity' in manhour and 

percentage terms (see Appendix 4, figures 11,121 and 'operation' 

against lactivity' in manhour and percentage terms Csee 

Appendix 41 figures 13,13a, 14,14a) since these identify 

manhour expenditure in terms of productive and non-productive 

aspects of the work. These tables have been generated in a 

form such that comparison may be made with previous studies 

undertaken. 

Interpretation of the Tables 

For the purpose of clarity in the analysis section, the most 

useful B. R. E. tables selected from those available are shown 

in Appendix 4, with the information required for analysis 

abstracted and reflected in 'Table 121. Table 12 is derived 

directly from the activity sampling process presenting a 

'Comparison of Manhour Expenditure by Activity' for the Healj--I"-h 

Centre study and the preceding major housebuilding projects. 

Figures are expressed in percentage terms -separating productive 

activity from non-productive activity. 
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TABLE 12 
Ccn'ParisOn Of ManhOur ZqDenditure by Activity 

MANBOURS BY ACTIVITY (% AVERAGE) 

Health Pitcoudie Blantyre Greenfield 
entre I& II (Housing) (Housing) 

ACTIVITY (Housing) 

TRMUCTIVE ACTIVITIES 

Making the Building Grow Fl 71 44 53 41 

Unloading Ul 1 0 1 1 

Handling Around the Site Hl 3 2 1 

Handling frcxn Stack to 17 

Workplace H2 1 9 13 

Supervision Su, 4 0 1 1 

Setting Out & Measuring Tl 0 1 1 0 

Testing H. W. Pipes/Drains T2 1 - - - 
Preparation of materials P1 8 1 4 12 

cleaning Tools or 

Clearing UP CL 5 2 2 2 

Work Repeated RT 1 1 1 1 

Not working While at 

work-place N 0 4 3 1 

NoN PiRmuc= I ACTIVITIES 

Not Working While Around 

Site 3 20 10 

Walking W 0 9 0 13 

M. eaj Breaks B. K. 0 8 1 

Work Stoloped Due to Weathe r Ro 1 8 1 2 

Operative Not Seen During 

Round 1 2 

UnalloCated Hours 

prc)ductive Activities 95 70 77 73 

Norl.... productive Acti vities 5 30 23 27 

TOTAL 100 
1 100 1 100 

1 
loo, 
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In observing table 12 it can be immediately seen that the 

Health Centre proposes a 71% level of total manhour expenditure 

attributable to activity IFV - 'making the building grow'. 
In direct comparison to the empirical housebuilding studies 
the variation to 44%, 53% and 41% for Pitcoudie, Blantyre and 
Greenfield respectively indicates a considerable increase in 

productive manhour expenditure. In terms of percentage produ- 

ctivity improvement the data indicates the Health Centre proj- 

ect to be 61%, 34% and 73% higher than Pitcoudie, Blantyre and 

Greenf ield with an average percentage higher productivity 

level of 54% over any of the previous traditionally designed 

housebuilding developments. 

However, the productive element involved in the building proc- 

ess is not only that refflected in category IF11 as all assoc- 

iated activities in assisting making the building grow must 

be equally considered. In total, another ten categories of 

activity are influential all of which are shown in table 12. 

The Health Centre reflects a productive activity totalling 95% 

which is 36%, 24% and 30% higher than Pitcoudie, Blantyre and 

Greenfield respectively. 

There is no doubt that the high productive proportions of total 

activity achieved are extremely high, indeed sufficiently high 

to raise immediate doubt and suggest the need for in-depth 

examination. The initial reaction to the data is that it may 

be- in someway invalid. The 71% figure for category IF11 seems 

to be plainly too high to be believable and appears 
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to be grossly out of context with the results of twenty five 

years of empirical studies into productivity. 

In considering the validity of the figures expressed in table 

12, two possibilities emerge for investigation: 

1. There may have been some inaccuracy with the recording 

mechanism either in implementing the activity sampling 

process or interpreting the output tabulations. 

The Health Centre construction p. roject might represent a 

'rogue' site in that it may be subject to unique charact- 

eristics making the project different from the previous 

studies with which comparison is being made. 

Verification of the Quantitative Data 

The first task in checking the data involves verifying the 

statistical significance of the figures obtained. It has 

already been established that the activity sampling process 

inherently retains some degree of inaccuracy both statistically 

and in its implementation. Having obtained a figure of such 

potential ambiguity as the 95% productive level, the emphasis 

is upon establishing to what degree of statistical confidence 

are the figures accurate. 

The level of statistical accuracy proposed by the B. R. E. was 

derived from the statistical equatIon -, 

lp 
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The R. R. E. estimation of accuracy for a sample of construction 

operations were given as follows: 

Accuracy for 100,000 observations is within t 2% 

lkccuracy for 1,000 observations is within ± 6.5% 

Accuracy for 100 observations is within ý 20.6% 

These estimations were presented in B. R. E. current paper 16/69 

- Activity Sampling on Building Sites (12) 
and, were also 

checked by McLeish C22) 
who calculated 10,000 observations 

would be accurate to within 2% whilst 100,000 observations to 

be accurate to within k%. As ýt may be observed there is some 

difference of opinion between the figures compiled by the B. R. E. 

and those of McLeish. 

In considering the presented statistical estimates and, in 

checking the Health Centre data, the probability and distrib- 

utional theories were applied to the observations. The prob- 

ability equation A 2/1 -P is derived from binomial theory 
IV NP 

since the problem is concerned with a fixed number of trials, 

interest is towards achieving the same outcome, each trial is 

independent and, the percentage occurrence of error(p) is 

unknown but can be assumed. 

The sample population represents the total number of site 

observations with a proportion of observations (P) being 

observations which contain a certain characteristic, that of 

observation error. Therefore, in a random sample, IXI is the 
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number of observations with that characteristic. 

SO, r X -, -, bi (n, p) with a standard deviation/ NPC1 -, P). and 
standard error(s. e) given by P(l -. P) 

N/5ý N 

from which the accuracy(A) 1-p p 
NP 

Based upon this it is poss-Jble to calculate the confidence 
levels for the overall data to validate the B. R. E. claims of 
degree of accuracy before progressing to examine the data in 

further detail. 

A 95% C. I. is given by P± 1.96 

or P: ý 1.96 x s. e. 

905 errors 0.015 
58471 observations 

0.015 x 0.985 0.0005 
58471 

C. I. = 0,015 1.96 x 0.0005 = 0.014 to 0.016 

Therefore, it is 95% certain that the level of error in 

observation will be between 0.014 and 0.016 or 132-%. 

The calculations of statistical accuracy, having shown that 

the overall data is valid, can be applied to table 12 to give 

the level of accuracy for each activity subject to their pro- 

port-Jonal size of the total observation sample. 
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manhour 
' -, ,, -. proportionate 

percentage accuracy 
Productive activity Fl 71% 1% 

Ul 1 14 
Hl 3 8 
H2 1 14 
Su 4 7 
Tl 0 - T2 1 14 
Pi 8 5 
CL 5 6 
RT 1 14 

Non-productive activity N 0 - 
1 1 14 
w 0 
Bk 0 - 
RO 1 14 
A 3 8 

Similarly, a statistical check for accuracy may be calculated 

for the major stages of the construction work: 

0 56 Proportion 
manhours of total % accuracy 

External Works 3893 20.0 2.8 
Sub-structure 1248 6.5 5.4 
Superstructure 4768 24.5 2.5 
Services 4579 23.0 2.6 
Finishes 5158 26.0 2.4 

This provides the following statistical range of manhours for 

each work stage: 

manhours accuracy manhour range 

External Works 3893 + 2.8% 3784 to 4002 
Sub-structure 1248 + 5.4% 1186 to 1310 
Superstructure 4768 2.5% 4649 to 4887 
Services 4579 2.6% 4460 to 4698 
Finishes 5158 2.4% 5034 to 5282 

From the calculations it can be seen that the degree of accur- 

acy is to within 21, % with the exception of sub-structure which 

is to t 5ý2-%, this being due to a proportionately smaller 
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observation sample. Taking these figures of accuracyr supported 

"1 

by the overall level of error being within 11, A, it must be 

accepted that the recording mechanism is highly accurate and 

in no way could be responsible for the high figures of produc- 

tivity achieved. 

In practice the 71%r figure for category IF11 - making the 

building grow was periodically verified throughout the study 

since a data check undertaken by the S. D. D. at week 18 of the 

contract period revealed this high level and gave immediate 

cause for concern. Three independent checks of the quantita- 

tive data were carried out, the first after 18 weeks by the 

S. D. D.,, the second at week 40 by the B. R. E. and the last being 

a total systems check at the conclusion of the study in week 

48 by the B. R. E. and S. D. D. These checks reported levels of 

productivity in category Fl of 71%, 72% and 71% for each 

check respectiely supporting further the accuracy of the 

monitoring mechanism throughout the study. 
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Examining the Data 

Having established that the data is sound and valid, the notion 

that any observational or statistical error- has given rise to 

the high figures of productive activity is false, and must. 

therefore be attributed to factors within the scope of the 

project. Either design rationalisation has been an overwhelming 

success in its implementation, or, other extraneous factors have 

been highly influential. 

Empirical studies examining buildability and productivity have 

viewed it as being "a measure of the ef f iciency of the building 

process in terms "of the manhour expenditure on site. " Since 

empirical evidence has been presented in manhour form for all 

previous studies it is paramount to view the Health Centre 

project in a comparable way. 

The objective is to establish the level and distribution of 

manhour expenditure for the Health Centre and compare it dire- 

ctly with the previous studies. If the results for the Health 

Centre indicate a marked improvement in terms of reduced man- 

hour expenditure then it may be said to be probably due to the 

e ffects of design. However, if the manhour expenditure is 4. 

higher in direct comparison then the accent will be towards 

influential factors outwith the scope of the design criteria. 

rro maintain continuity in. the analysis mechanism the constru- 

ctional detail has been broken down into the main stages of 

the building work, namely sub-structure, superstructure, 
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services,, finishes cand, external works. This is reflected in 

Table 13. The figures expressed in Table 13 are abstracted 
from Figure 3 in Chapter 2. These figures are further seper- 

ated into work elements and operations to provide a comparat. 43-Ve 

These figures are shown in Tables 14 to 18 inclusive. 

Whillst the data is structured in manhour totals it is not 

possible to compare directly between the various projects 

reflected in the tables as each represents a different building 

design. To f acilitate direct comparison,, it is necessary to 

convert the data into a 'common' measure of manhour expenditure. 

The figures therefore are converted into tables expressing 

I'manhour expenditure per square metre of floor area". These 

figures are illustrated in Tables 19 to 24 inclusive. 

As the build-ing design for each study is different it is 

essential tc take the. constructional detail into account. 

Accordingly, for each study an elemental breakdown is derived 

and shown in Table 25. 

Table 19 reflects the summary of manhour expenditure per square 

me-tre. of floor area for the Health Centre project in relation 

to five empirical housing studies. Firstly in superf icial terms, 

wh. ilst showing some improvement in a number of work stages in 

comparison with several of the other studies, the table indic- 

ates no dramatic improvement over the other studies and, in 

some work stages appears to be far more deficient. In no way 

does the table ref lect that the raltionalised design of the 
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. 17, '2ýS 01ý' MMHOUR EXPUZITUPE 

ý Canparison of 5 Traditional House Designs with The Health Centre Design 

Blantyre Greenfield Finchampstead Pitcoudie 
1 

Pitcoudie 
2 

Health 
Centre 

Substructure 149 128 70 64 55 1248 
Superstructure 253 254 90 317 315 4768 
Services 76 133 145 94 95 4579 
Finishes 265 218 255 280 280 5157 
External Works 321 - 370 277 269 3893 
overtime - - - 9 -- F 1064 733 1 

930 1032 
1 

1023 19645 
-1 

TABLE13 

SUB-STIRUCrURE 

acc fnds 18 20 6 6 869 
Conc fnds 15 15 - 4 
Conc pads - 3 - - 
Bwk to d. P. c. 78 65 - 17 
Uryierf loor fill 23 12 9 7 
Susp Gr floor 15 11 - - 
Precast edge beam - - 22 21 
Conc floor slab - - 30 - - 

379 
149 123 70 64 1 55 1248 

TABLE14 

SUPERSTRUCTURE 

Scaffolding 7 24 3 1 15 5 

Ext/party walls 154 ill 26 124 148 1163 
Raughcasting 29 43 - 49 34 136 
Roof 24 28 22 56 43 1874 
Glazing 5 6 - 5 10 267 
lst f loor/stair-s-) 19 12 19 54 38 415 

Partitions 1 15 30 20 28 26 415 

Wir)dow & door sets - 
231 

Claddin - 
262 

g 
253 254 90 317 315 4768 

Aý 

TABLE10 

IDEAMV -Lk-rJLZ: 
) 

"Plumbing work 35 79 73 40 39 878 

Electrical 34 41 72 43 
11 

41 
15 

1448 
1405 

Heating 7 10 
7: 

Gas 3 
368 

Ventilation 271 
Specialist services 209 
Services buil-dLrýCr L-m-ý 

76 --- 133 145 94 95 4579 

TABLE 10 
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FINISHES 
F 

Blantyre Greenfield Fincharnpstead Pitcoudie 'Pitcoudie Health 
1 2 Centreý 

Dry linings 56 46 28 

I 

51 68 1534 
Lining joists 18 23 31 11 15 

. iX -loinery final f J, 84 73 61 108 81 769 
Snagging 11 16 - - 2 747 
Painting & decor 96 60 135 110 104 1235 1 
Fixtures & fittings - 569 
Floor finishes - - 

303 

- 
F 265 

__ 
J_218 255---- T- 280 280- 5157 

TABLE17 

ERNAL ýURKS 

Drainage 76 106 32 34 754 
General works 81 77 47 56 2085 
Landscaping 67 142 116 97 396 
Pavina 97 45 82 82 533 
Site services -- - - - 125 

301 370 277 269 3 

.r 
IABL E18 

Tables are expressed in " manhours 
based on 371-2 hours worked per week 

or 712 hours per day, ( Mon - Fri ). 
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I COM. PARUIVE MiHOUR EXPENDITURE 

I -Expre-aSsed as M-anhours per m2 of Floor Area 

Blantyre Greenfield Finchampstead Pitcoudie Pitcoudie Health 
1 2 Centre 

Floor Are-, in. m2 49.5 49.5 43.5 43 5 43 5 950 
b t t . . Su s ruc ure 

Superstructure 
Services 
Finishes 

r Dctemal Works 

3. ol 
5.11 
1.53 
5.35 
6.48 

2.58 
5.13 
2.68 
4.40 

1.61 
2.06 
3.33 
5.86 
8.51 

1.47 
7.28 
2.16 
6.44 
6.37 

1.26 
7.24 
2.18 
6.4 3' 
6.18 

1.31 
5.01 
4.81 
5.42 
4.10 

Overt: L-ne - 
21.48_ 14.79 21.37 23.72 23.29 20.65 

TABLE 
1 

SUBSTRUCrURE 

Exc fnds 0.36 - -ý. 40 0.14 0 14 
Conc fnds 0.24 

T 

0 . 30 -- 
. 0.09 0.91 

Conc pads -- -- 0.07 -- -- 
Bwk to d. p. c. 1.58 1.31 -- 0.39 
Underfloor fill 0.46 0.24 0.21 0.16 
S 3usp G. - floor 0.30 0.22 
Precast edge bearn - - 0.51 o. 48 
Conc floor slab 0.69 0.39 

I 
TABLE20 

SUPERSTRUCrURE 

Scaffolding 0.14 0.48 0.07 0.02 0.34 . 004 
Ext/party walls 3.11 2.24 o. 6o 2.85 3.40 1.22 
Roughcasting 0.59 0.87 -- 1.13 0.78 0.14 
Roof o. 48 0.56 0.51 1.29 0.99 1.97 
Glazing 0.10 0.12 -- 0.11 0.23 0.28 
lst floor/stairs 0.38 0.24 0.44 1.24 0.87 0.44 
Partitions 0.30 o. 60 0.46 0.64 0.60 0.36 
Windue & door sets -- - -- -- 0.20 
Cladding 0.23 

TABLE21 

C, P-M 7T("P q 

Plumbing Twork 0.71 1.60 1.68 0.91 0.89 0.92 
Electrical C. 69 0.82 1.66 0.98 0.94 1.52 

Heating 0.14 o. 20 -- 0.25 O. J14 1.48 

Gas - 0.06 -- -- 
Ventilation - -- 0.38 

Specialist services 
0.28 

Services builderwork 0.22 

TABLE22 
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FINTISIES 

Blantyre Greenfield Finchampstead Pitcoudie 
1 

Pitcoudie 
2 

Health 
Centre 

Dry linings 1.13 0.93 0.64 1.17 1.56 1 62 Lining joists 0.36 0.46 0.71 0.25 0.34 . 
Joinery final f ix 1.70 1.47 1.40 2.48 1.86 0.81 
Snagging 0.2,2. o. 3 2' -- -- 0.05 0.78 
Painting & decor 1.94 1.21 3.10 2.53 2.39 1.30 
Fixtures & fittings o. 60 
Floor finishes 0.32 

TABLE23 

EXTERML WURKS 

Drainage 1.53 2.44 0.73 0.78 0.79 
General works 1.64 1.77 l. o8 1.29 2.19 
Landscaping 1.35 3.26 2.67 2.23 0.42 
Paving 1.96 1.03 1.89 1.89 0.56 
Sitte services 0.13 

TABLE 24 
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He- - "_ 
2 

is not alth Centre wilth a figure of 1.31 manhours per m 
dissimilar from Pitcoudie 1, Pitcoudie 2 and, Finchampstead 

with figures of 1.47,1.26 and 1.61 manhours/m 
2 

respectively - 
All of these studies represent traditional design to the Sub- 

structure elem ent. The Health Centre substructure. manhour 

expenditure is considerably better than the Blantyre study at 

3.01 manhours/m 
2 

and Greenfield with 2.58 manhours/m 
2 but this 

is expected since both developments incorporated suspended 

tLmber floor design rather than traditional in-situ concretm- 
. ft 

ground floor slabs which required more intricate operations 

to substructure brickwork and joinery tasks. However, in 

comparing the traditional designs, t1he manhour expenditure 

presents no evidence of improvement over the housing studies. 

Superstructure for the 1jealth'Centre indicates a 5.01 manhours 

. 
/M 2 level of expenditure which shows some improvement over 

Pitcoudie 1 and 2 which reflect figures of 7.28 and 7.24 

manhours/m 
2 

respectively, but shows no improvement over either 

the Blantyre and Greenfield studies. 

This may be attributable to the rationalised design since it 

shows a 1.63 manb-our/m 
2 

reduction in manhour expenditure over 

pitcoudie. 1 which utilised similar single block wall construc- 

tion andr in addition shows considerable reduction in manhours 

expended in completing the first floor structure, internal 

partitions and, external roughcasting elements. These figures 

are di splaved in Table 21. However, the figures cannot disc- 

oun+%-- 'economies of scale' in that one would expect the Health 
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Centre. to be more productive in terms of manhours/m 
2 

of wall 

area due to the greatly larger dimensions and this may in . 1flact 

be responsible in addition to the design aspect. 

In contrast, roofing and glazing elements display considerably 

high manhour expenditure in comparison although it is difficult 

to comment critically of th. e. roof ing elements since the Health 

Ce. -Litre used timber decking with felt finishes whilst the hous- 

ing projects had traditional rafter and tiled coverings. 

Table 22 shows the manhour expenditure per square metre for 

service installations and, whilst superf icial'y' it may be easy L 

to comment that the manhour expenditure is higher, the Health 

. -entre, does incorporate a far greater number of service instal- C 

lations than any house design. However in comparison, t". hose 

serv: Lces which could be considered comparable due to their 

domenstic nature namely plumbing, electrical work and, heating, 

the Health Centre has a far greater manhour expenditure. 

In considering the finishes category, there is little to 

demarcate the manhour expenditure on the Health Centre with 

any of the housebuilding projects with the Health Centre figure 

of 5.42 manhours/m, 
2 

comparing favourably with 5.35,4.40,5.86, 

6.44, and 6.43 mar-hours/m 
2 for the housing projects illustra- 

ted in Table 19. In observing Table 23, dry linings and lining 

tL-, ibe--rwork show little dif f erence, with Pitcoudie 2 but has a 

higher manhour expenditure than the remaining studies. Expen- 

diture to f-inal -IL:, 'Jx joinery work displays considerable improv- 
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ement but any advantage is lost in the h-igh. level of snagging 

work which -. rs much higher than the housing schemes. In defence 

Of thi-s however, the high level of snagging may be due to the 

proportionately greater installation of services. 

The remaining category of work, that of external works, is 

one which is- not really comparable in qeneral and, is certainly 

not comparable in terms of manhour expenditure per area of 

floor. Although figures are expressed in Tables 18 and 24 the 

various sites dif f er greatly. For example, the Health Centre 

site is a very confined site wh-ilst Pitcoudie utilised two 

sepe-rate sites of considerable extent. Since problems of 

comparison prevail, no quantitatively substantiated conclusion 

may be drawn although it may be suggested that the size of 

site,, its topograpl-Ly and, its location are the main influenc- 

ing factors. 

in analysing the tables of manhour expenditure a number of 

conclusions may be drawn. The significant aspect is that 

although the. figures indicate a marginal improvement in spec- 

ific areas of the construction process there is certainly a 

considerable lack of evidence, to justify the suggestion that 

the design is the predominently influencing factor in achieving 

the. 71% level of manhour expended in making the building grow 

or influencing the 95% level of productivity. 

-t might have been expected that the Heal-'Ch Centre would be 
L 

subject to a significant increase. in productivity in comparison 
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with the housing projects since it was de-signed pri-marily to 

implement in practice the knowledge 'Chat was acquired in 

executing the housing designs, and yet this has not occurred. 

In terms of quantitative evidence, the Health Centre is not 

significantly better than the previous empirical housebuilding 

studies. 

Moreover, suggestions by the S. D. D. that their design ration- 

alisation approach significantly improves productivity becomes 

questionable. In Chapter 2, Figure 3 expressed the relative 

totals of manhour expenditure for the major housebuilding 

studies. These JEigures, also reflected in Table 13 show a 

range of manhour expenditure for Blantyre, Greenfield, 

Finchampstead, Pitcoudie 1 and Pitcoudie 2. of 1064,733,9.30e 

1032 and 1023. These figures do little to suggest any improv- 

ement and emphatically denounce any claim of significant 

productivity improvement. 
A. 

It has also been suggested that Pitcoudie 2 utilised informa- 

tion from Pitcoudie 1 in achieving a reduced manhour expendi- 

ture and increasing productivity, but clearly the difference 

between 1032 manhours and 1023 manhours per dwelling provides 

no substantial evidence to support this suggestion. Further- 

more, Pitcoud-le I and Pitcoudie 2 are respectively only 32 and 

41 manhours per dwelling, or 4%, more productive than the early 

productivity study at Blantyre. WhIlst this represents an 

improvement, it illustrates that little progress has been made 

towards reducing manhour expenditure and increasing productiv- 
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ity over the twenty year period of empirical productivity 

studies. 

in considering the evidence presented in Table 12 showing 

manhour expenditure by activity for Pitcoudie 1 and 2, Blantyre, 

and Greenfield in comparison with the Health Centre, the level 

of productive activity ranges minimally between 77% for the 

Blantyre study to 73% for Greenfield to 70% for Pitcoudie 1 

and 2. From this it can be seen that the level of productiv- 

ity actually reduces in the Pitcoudie studies so there is no 

evidence from this source to suggest that the rationalised 

design has been an influence in achieving increased productiv- 

ity. 

In contrast, the Health Centre study proposes a 95% level of 

productive activity with 71% of manhour expenditure attributed 

to making the building grow. In view of the quantitative 

evidence presented by the housebuilding studies why should it 

be believed that a sudden improvement in levels of productivity 

be attributable to any design criteria whatsoever. The answer 

is that Clearly it should not. 

Empirical studies, particularly those undertaken by the S. D. D. 

have emphasised their interest in directing attention towards 

those aspects affecting buildability and productivity which 

fall witl-Un the in. -II-fluence, or control of the design team. From 

the presented evidence however,, there is no quantitative data 

to unequivocally substantiate the suggestion that factors under 
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the control of the design team have been influential. It may 

be concluded that perhaps empirical studies have been focusing 

upon the wrong factors of influence with design being promoted 

whilst other factors have really been influential. 

The S. D. D. and B. R. E. have not been ignorant of this aspect 

and recognise the contribution of other factors, but in compil- 

ing such a comprehensive collection of quantitative data over 

twenty years of empirical studies surely it is time they gave 

greater consideration to potential factors outside the scope 

of design. 

It may be questioned to what extent changes in technology 

between the early housebuildlLng studies and the present project 

may have affected their findings. Whilst minor differences in 

building practices are expected, the vast majority of tradit- 

I. -onal construction techniques are the same throughout each 

study presenting no difficulty in effecting comparative analysis. 

The fact that little, if any, difference in manhour expenditure 

has been identified, automatically eliminates technology change 

as maintaining any influence. 

The quantitative evidence presented does not intend to discount 

the notion that design rationalisation may contribute to 

increased productIvity and better buildability but, t-o promote 

recognition that other factors have maintained a greater influ- 

ence in the case of the-Health Centre. 
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Managerial Factors Identified 

If the design is not the significant characteristic in incre- 

asing productivity and encouraging buildability, and from the 

quantitative evidence this becomes a likely proposition, then 

clearly interest becomes directed towards factors of influence 

which uniquely characterise the Health Centre project. 

It is proposed that these factors of influence are inherent in 

the way the construction process is undertaken, or to be more 

explicit, levels of productivity and measures of buildability 

are influenced by managerial, organisational and, environmental 

. 
aspects of the project with emphasis upon the methods by which 

the project is managed on site. 

it : Ls suggested that there. may be a great many factors of 

influence within this consideration and accordingly, any number 

. 
and any combination of factors may be influential. The factors 

which are considered to be of concern to the Health Centre 

project are survinarised. in Table 26 and are compared to the 

major housebuilding studies of Pitcoudie, Blantyre andr Green- 

f ield. 

in observing Table 26.. whIlst the housing studies have factors 

- which are not only common, but almost identical, these f actors 

differ substantially from those of the Health Centre. This 

fac. -'Llitates ease of comparison between the Health Centre and 

the housebuilding projects. 
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In terms of d-if--Fere., ice,, factors concerned with the type of 

client and form of contract may be eliminated immediately 

SInce all the projects involved local government authorities 

as tb-e client, with the form of contract being the J. C. T. 

Standard Form of Building Contract. The building contractors 

involved however, differ in that the contractor engaged for 

the Health Centre constituted a locally based family owned 

building company whereas for all the housebuilding projects 

the contractors represented medium to large nationally orient- 

ated building companies. 

The type of contractor is a crucial factor in itself in that 

the nature and size of firm will in many ways predetermine 

the managerial and organisational approaches adopted. 

Whilst the site organizational structure for the housing 

projects maintained a satellite system with. the study site 

being one of a number of sites requiring simultaneous control 

and co-ordination, the Health-Centre contractor regarded his 

site as being autonomous in nature and promoted an organic 

site managerial approach. Detailed attention was focused 

purely upon the individual site providing a much closer degree 

of control over the daily routine procedures. 

In conjunction with the organisational structure, tllie manager- 

ial style adopted for the Health Centre was informal with 
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suPervisory duties undertaken by a working foreman who motiv- 

ated the workforce through active participation. In contrast, 

the housebuilding contractors favoured the use of highly 

formal and heirarchical approaches which provided a lesser 

degree. of supervision than the participative approach where 

a much closer level of supervision of site resources was 

achieved. 

The managerial style adopted was influeanced essentially by the 

site labour resource level and size of site. In this regard, 

the Health Centre was unique in comparison with the house- 

building studies in that the site represented a small confined 

area of some 3500 square metres employing a restricted work- 

force totalling less than 30 operatives at any one time. During 

the contract programme only 5 general operatives were employed 

for the first 9 weeks,, 7 operatives for the following 18 weeks, 

and thereafter a fluctuating workforce of between 12 and 30 

ope. -Lat3. ves including subcontract trades were in evidence. The 

housing sites contrast in their size with all being greatly 

expansive, in particular the Pitcoudie development involving 

tTwo sites,, and involved a much higher labour resource level 

ranging between 75 operatives on the Greenfield site to 140 

operatives on the Pitcoudie project. 

Quant3iLtative data presented in Table 12 - comparison of man- 

hour expenditure by activity, shows a level of supervision of 

4% of total manhour expenditure whereas Pitcoudie, Blantyre 

and, Greenfield show levels at 0%, 1%, and 1% respectively. 
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This is supported additionally hy the level of senior manage- 
I 

ment supervislon by off-site personnel. The Health Centre 

was-personally supervised by one of the contractors directors 

who visited the site on a daily basis and details from the 

daily site diary indicates 198 visits were made. in 240 days. 

The housing projects were supervised by weekly or twice weekly 

visits by a project contract manager who reported in turn to 

senior management. It is suggested that, at all managerial 

levels, a higher degree of supervision was afforded to the 

Health Centre in direct comparison with the hous='g develop- 

ments. 

Predetermined by the site organisational approach and manager- 

ial style adopted, arrangements for material procurement were 

handled directly from the site. This promoted closer control 

of material ordering, scheduling and, delivery. Similarly, 

considerable thought had been given to materials handling 

resulting in minimal handling of bulk items such as hardcore, 

rea. dy-mixed concrete, blocks and, large timber components. In 

addition to the managerial approach to material requisition, 

the confined aspect of the site was greatly influential. These 

suggestions are supported by figures on manhour expenditure 

from Table 12 which indicates levels of activity apportioned 

to unloading materials of 1%. handling materials around the 

site of 3%. and handling from s-14-ack to workplace of 1%. In 

comparison, levels of manhour expenditure for Pitcoudie, 

Blantyre and Greenfield are 17%, 12% and 15%, indicating the 

lack of managerial consideration resulting in materials commonly 
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being double-b-andled and occasionally subject to treble. and 

quadruple handling. 

In terms of non-productive activities the Health Centre project 

reflects an extremely small figure of 5% whilst the housing 

studies report levels of 30%, 23% and, 27%. The higher f-J'Lgures 

may be explained by the size of site in that manhour expendi- 

ture in 'walking on the site' for the housing projects were 

9% for P-itcoudiie. up to 13% for Greenfield,, whilst a 0% figure 

is recorded for the Health Centre. 

remarkable level for 'not working while around the site' is 

evident for the Blantyre and Greenfield projects with manhour 

expenditures of 20% and 10% respectively. In contrast, the 

Health Centre reflects only 1% level. Again, this may be 

explained by higher levels of site supervision and control of 

site resources. 

Essentially it is identified that the number of factors unique 

to the Health Centre have been highly influential in promoting 

a greater level of productivity in comparison to the house- 

building studies. It is emphasised that although any one 

particular factor given in Table 26 would be in no way influ- 

ential whilst acting in isolation, a number of the specified 

-ors working in combination would maintain a considerable fact 

influence. 

Tb-ere is evidence to suggest that whilst the rationa-lisation 
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of design may have to a small extent influenced the level of 

productivity achieved, it is more likely that the managerial 

factors presented have greatly influenced the particularly 

high levels of productivity and contributed significantly to 

promo-14-ing better buildability on the Health Centre study. 

Moreover, it is proposed that if managerial aspects maintain 

a greater influence to achieving better bul'ldabilj-ty then I 

managerial capabilit-y can overcome inadequacies in a design, 

but a well rationalised design cannot compensate for inadequate 

management. 

Fundamentally, management is the key to achieving better 

buildability and whilstpresent emphasis is seemingly directed 

towards integrating the design process with the construction 

phase through the consideration of designp clearly the need 

-on- exists to focus upon the managerial process involved in c 

verting the architects' design into its ultlMate product. 
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6.3. TECHNICAL ASPECTS OFBLTILDARTLTTY AND PRODUCTIVITY 

The interpretation of quantitative data has clearly identified 

that managerial aspects within the construction process are 

highly influential in terms of increasing levels of producti- 

vity and encouraging a higher degree of buildability. 

In empirical studies, too great an emphasis has been given to 

factors which are said to be within the influence or control 
. P. 

of the design process. Interest has focused upon the concept 

of design rationalisation. However, the design process is an 

integral aspect of the composite building process and, whilst 

it may be overwhelmed by factors of managerial influence, it 

still has a contribution to impart. 

The key to design success is not in the design process itself,, 

but in the way the design is ''managed'' on site and, the methods 

v my wh-ich t-hie- dessign is transformed into the finished building 

by the-contractor. 

Those aspects promoted in empirical studies as being the factors 

of design rat-ionalisation are essentially aspects over which 

the designer really has minimal control and, are aspects which 

may be- influenced by the managerial approaches adopted. Accord- 

ingly, it is more appropriate to regard the technical aspects 

of buildabillity as factors influenced by management and. design 

rather than factors influenced purely by design. 
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It is appreciated that benefits will be achieved in simplifying 

the design, standardising building components and, specif-ying 

practical building tolerances, but these can only be successful 

if the design conceptualisation is effectively communicated 

through management into building the final product. 

This section of the analysis is concerned with appreciating 

the technical aspects of buildability and productivity and, 

how the managerial and design balance is projected positively 

toward achieving better buildability. 

The Simplification of Tasks 
v 

Previous empirical studies, particularly those into traditional 

housebuilding, have suggested that the simplification of 

construction detail in specific aspects of building design are 

of positive benefit in achieving a more buildable building. 

This aspect is however, an area of considerable concern, 

particularly by the arch-itectural profession who see their 

designs as the only mode of construction when working within 

the many codes of practice, standards and, similar restrictive 

and regulative legislation. 

There is often some re. luctance: towards simplifying the techn- 

ical detail sizice simplicity is often associated with inferior 

design. Whilst it is appreciated that certain building features 

are complex and do not lend themselves to being simplified, 

there is also a stream of opinion from building contractors 

I. that architects do in f act design buildings which are not only 
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unnecessarily over-complicated but sometimes unbuildable. 

TI-, e. essential consideration is to reduce the technical compl- 

exitv and make the task easier to perform without detracting 

from the required spec-if ication or performance of the finished 

building components. 

Simplifying the task, therefore, involves making the building 

operation easier by reducing the difficulties experienced in 

carrying out that operation by simplifying the requirements 

of the design detail. 

LhIs initial achievement leads to other benefits which accrue m 

through the development of alternative methods of undertaking 

the basic operation. By limiting the work operations into a 

small number of discrete groups and, by rationalising the 

number of ways these groups may be combined, the choice of 

alternative methods is reduced to the simplest method of 

working. The more options that are available to undertake 

an operation, the lesser the chance for rationalisation to be 

effective. 

The principles of task simplication may be demonstrated with 

practical examples from the Healt1i Centre project drawn from 

eacli major category of building work namely substructure, 

superstructure, roofing, services and finishes. It will be 

observed that-wh-ilst aspects of good buildability were present 

-i- in the design process also,, in the construction phase, det-,, 
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mental aspects of buildability were exposed. 

External Single Leaf Block Wall - 

Early housebuilding studi. es identif3'-ed difficulties involved 

in detailing superstructure enclosures in st-ngj'-e leaf blockwork 

to designs other than conventional stretcher bond detail. It 

is equally appreciated that building to one-third bonding 

patterns may retain advantages over stretcher bond in terms of 

strength of bonding, ease of jointing, and, degrees of wastage 

of blocks. Appreciating these points and, in an attempt to 

simplify the design detail, one-third blockwork bonding 

techniques were specified for the external wall element. 

One-third bonding, that is using one-third (150mml and two- 

thirds C300mm) blocks so that each third course repeats its 

design, was planned to a 300mm grid with doors and windows 

also in modules of 300mm set into this. 

Although one-third bonding was the architects ; Lntention, its 

design was met with reluctance by the building contractor. 

The blocklayers could not-envisage the benefit of less cutting 

and they were certainly not as familiar with the one-third 

bonding technique as they were to building half-bond design 

detail. Concern was expressed by the blocklayers to the rela- 

tive speed of laying of the one-third bond which. they believed 

to be slower and would therefore impose a restriction to their 

bonus payment earning potential. One-third bond in short 

lengths requires more cu-11-ting than half-bond and can result in 

206 



using small pieces of block being bonded in at the corners of 

wall elevations which the blocklayers regarded as 'bad pract-ii-ce'. 

The one-third bonding was summarised by the contractor as being 

chosen by the architect purely for convenience and 1. -hat the 

method has no true structural advantages or weathering poten- 

tial over the half -bond design. 

The various blockwork bonding arrangements are illustrated in 

Figure 10 whilst Figure 11 shows a -typical elevation of the 
. 1% 

intended bond compared with half-bond detail and, an elevation 

of the blockwork requirement as perceived by the contractor 

adopting a hybrid form-of one-third bond with every second 

course, instead of every third course, repeating. 

It can be seen that one-third bonding design requires a total 

of 141 cut blocks whereas the half-bond laid to a 300mm grid 

requires only 124 cut blocks, although if specially made blocks 

were used rather than cut blocks the total of 141 blocks may 

be greatly reduced. 

In practice, the one-third bonding design specified by the 

architect was initially not used. Attempts to build to the 

required specification led to the hybrid design of one-third 

bond every second course as shown in Figure 11 which resulted 

in reducing cutting, jointing and, material wastage. In terms 

of manhour expenditure the hybrid walling proved to be more 

productive than either of the Pitcoudie studies with a 1.22 

manhour/m 
2 

expenditure in comparison to Pitcoudie 1 at 2.85 
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Figure 10 
Detail of Blockwork Bonding For External Wall Element 
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22 
manhour/m ztnd Pitcoudie 2 at 3.40 manhour/m 

number of issues concerning buildabili'L-. y arise from these 

observations. Firstly, the attempt to simplify the blocklaying 

tasks in fact, W. Iii1st assisting in some areas, complicated 

other aspects of the design. Building principles were present 

with which the contractor was not familiar and, accordingly, 

was reluctant to-use. The contractors use of a hybrid design 

proved to be more economical and simpler than the architects 

designed approach. 

Tt is suspected that it was only due to the blocklayers lack 

of knowledge and reluctance. to use one-third bonding that the 

task appeared complicated. One-third bonding is simpler and 

produces a fully satisfactory external wall using one-third 

and two-third blocks with a limited range of special blocks 

rather than cut blocks. Half-bond would have worked on a 

225mm grid although the number of cuts required would be 

greater than one-third bonding correctly built. 

The. first example was selected to essentially emphasise that 

buildability retains both good and bad aspects and moreover, 

how the attempt'to introduce good buildability by simplifying 

the design may have a contrary effect when the management 

proce-ss on slita converts the design into building reality. 

Ground Floor Slab Constructý, on - 

The ground floor slab for the Health Centre i-s a prominent 
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example of simplifying the. technical building detail, Ratheýr 

than design to construct theconcrete slab with a float finish 

upon which the traditional feature of casting a light-weight 

concrete screed, the floor slab was_laid in a single operation 

with, a smooth finish. using mechanical de-watering and vibrating 

techniques. 

The total manhours expended in completing the floor slab was 

379 hours or the equivalent of six operatives working per day 

and in all took 19 days to complete. 

With the usual practice of floor laying in concrete, the main 

slab would be cast, upon which at a lAter date the surface 

would be roughened and a light-weight concrete screed placed 

to level the surface and prepare for the final floor finishes. 

The single-operation design removes the necessity for repeat 

work and the requirement for 'wet' trades late in the constru- 

ction sequence. 

The one operation is undoubtedly simpler and more economic than 

other floor casting methods. Despite this apparent simplific- 

ation of technical content certain implications do arise, 

particularly with the tasks of finishing the slab. Direct 

floor finishes and coverings demand that-Ithe cast surface be 

finished precisely level and, the time taken in completing the 

I slab using a power float handled by one operative involved 

69 manhours or, 18% of the total manhours expended for the 

entire activity. Relating to previous studies it is thought 

that a further 60% in addition to floor slab manhour content 
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would have been involved if using screeding techniques. T Ph Ji- s 

would have required a minimum of two weeks extra site constru- 

ction time. Accordingly, the composite slab casting and finish 

appears more productivethan multiple casting operations. 

Roof Structure - 

example of simplifying the technical detail to the roofing 

design could be seen with the inclusion of joist hangers to 

the. roof structure element. On previous housebuilding stud-ii-es 

4- -the design necessitated the building-in of roof joists into 

the blockwork superstructure walling at wall-plate level. This 

demanded that, following the joinery trade positioning the 

joists, the blocklaying trade had to return to build-in the 

ends of the joists. 

The use of joist hangers removed the need for the second visit 

of the blocklaying trade. Tn terms of manhour content,, the 

total roofing element involved 1874 manhours, of which 537 

manhours involved the positioning of joist hangers. Although. 

no extra time would possibly have been involved if the joinery 

trade had positioned the ends of the joists, considerable 

extra time would have been involved in the blocklayers 

building-iri the ends of t-he Joists. 

in addition to those. aspects of the building construction which 

at-IL-err. vt to implement aspects of good buildability, a number 

of de-sign. deta4ls recommended in support of good buildability 

in practice presented difficulties to the construction phase 

212 



and, whilst simplifying its own construction detail complic- 

ated other work elements. 

Service Entries - 

A number of examples are prominent; 

The entry of services to the building substructure'rArere 

designed to be incorporated as an integral part of the single- 

operation floor construction. Entry was detailed through 

ope-nings cast into the floor and, ducts in the substructure 

external walls. Whilst it 'is clearly more economical in terms 

of manhour expenditure 'in providing this facility, the presence 

of these details hindered the casting, de-watering and floating 

of the concrete surface. Although it is not possible to give 

any indication of extra manhours incurred through this feature, 

observation on site revealed extra work in finishing the slab 

and considerable difficulty involved in efficiently using the 

mechanical de-watering equipment since, rather than removing, 

by suction, the water retained in the slab after casting, air 

was inducted through the service duct entry points affect-ing 

the effectiveness of the de-watering process. 

Ground Beam to Floor-Slab Jointing Design Detail - 

A further implification of design detail which became a poten- 

tial hindrance to the building process was that of the detail 

to the ground beam foundation and its jointing with the ground 

floor slab. Although the design was simplified to allow a 

simple connection of the two structural elements, the jointing 

detail demanded pockets or recesses in the beam into w1lich. the 
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steel bar reinforcement was arranged for casting into the floor 

slab. Due to their designed dimensions'and position,, the 

pockets became difficult to bu. IiLld in practice, in particular 

the formwork and reinforcement which increased the manhour 

expenditure of these operations to 407 manhours out of a total 

of 869 manhours for the element. If any improvement was to 

be made to this design aspect then clearly the formwork and 

reinforcement complexity must be key areas for attention with 

emphasis upon designing simpler jointing details. Awkward 

construction to corners, recesses and pockets require. attention 

k- through simplifying detail to eliminate the raost time consuming 

tasks of formwork design.. Reinforcement presents a specific 

problem in that separating the reinforcement between structural 

elements is in practical terms impossible since the reinforc- 

ement is present only to fulfil this objective. The only 

practical approach is not to attempt to eliminate the use of 

reinforcement between structural elements but rationalise the 

design to minimise its complexity. 

Task Dependence 

The second area for consideration within the technical aspects 

of buildability is that of 'task dependence'. Task dependence 

is concerned with reducing the complexity of the secfaence of 

tasks and simplifying the interrelationship of trades at the 

trade interf aces. 

prominent interest'- within-this aspect is assessment of the 

effectivenes-cs, of sequence diagrams. The use of these diagram- 
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matic representations have been strongly advocated as being 

an important design aid and construction control device in the 

consideration of buildability. However, although the building 

sequence is in theory regarded as a simple and logical flow 

of events, it is, in practice, not a simple process. To 

further understand the compilation and use of sequence diagrams 

I is intended to view this aspect in some detail. 

Interest is also expressed towards simplification of the 

building sequence appreciating the conflict of different trade 

interests at the trade interface. It is imperative to elim- 

inate those tasks which disrupt the flow of tasks and affect 

the whole sequence of activities. 

Evaluation of Sequence Diagram_ 

It is evident that although methods of network analysis and 

sequence diagramming of construction work have been used to 

a considerable degree within the building industry, they have 

not proved to be completely successful. Methods of diagram- 

matically representing the stages of construction will always 

have advocates, however, the interest in using such methods 

in building projects has greatly reduced, particularly within 

small construction companies. Many users who have considered 

such methods of useful construction planning tools or methods 

of site control, are likely to have reverted back to simplistic 

methods such as the 'Gantt Chart' when reflecting their thought 

in diagrammatic form. 
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The B. R. E., C471 
observed a construction project in practice 

to compare the proposed timing of activities with the actual 

activities undertaken on site. Their conclusions stated that 

L. he interaction between the activities gave a widely different 

pattern of activity when compared to the envisaged sequence 

evolved at the design stage and that, the contractors es-'Cima- 

tion of activity durations were excessively optimistic compared 

to the actual durations. 

It may be asked why such methods are used if they are inaccur- 

ate in implementation or dubious in success rate. There are 

various methods available for use in examining the construction 

sequence proposed for any building project. These range from 

the simple Gantt chart to what might be considered highly 

complex and elaborate methods of network analysis. 

The degree of complexity and level of sophisUcation required 

in adopting any such technique will depend upon the specific 

requirements of the project and the degree of representation 

demanded. In addition, regardless of its format, the method 

must have a high level of compatibility between the design 

and the requirements of the building phase, and, again the 

demarcation between design and construction is somewhat of a 

hindrance. 

When considering buildability in relation to this aspect, 

communication is important to successful implementation. The. 

G"'antt chart is possibly the simplest, cheapest and, the most 
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direct method of representing the but6ding sequence diagram- 

matically. The method lends itself to ease of understanding 

by site management and the workforce and, from a practicall 

viewpoint is simple to produce by the architect or construction 

planner. It is widely appreciated however, that the Gantt 

chart in its simplest form, does not highlight those operations 

which are of the most importance to the construction sequence, 

moreover, it does not- usually reflect any interrelationship 

of activities at all. 

More elaborate Gantt charts are available that may recognise 

the dependencies of certain activities upon others. There are 

also far more sophisticated sequence diagrams used for repet- 
4 L. 
itive forms o. 01- construction which identify the dependencies 

of complementary activities. Line of balance methods, for 

example, used in planned housing schemes endeavour to balance 

work crews and operations from one building stage to the next. 

Secnience. diagrams are however, sufficiently adaptable to absorb L- 

additional information or changes to the construction sequence 

- -I- wA-I. ilst maintaining the fundamentals of the construction plan. 

The Sequence Diag. -A-am - 

The S. D. D. and N. B. A. who have. over many years experimen-ted 

with the use of sequence diagrams and network analysis -1Chrough 

their housebuilding programmes, strongly recommend their use 

as- an essential aspect of design rationalisal-ion. The sequence 

diagram is a graphic representation of the elements and the-ir 

associated operations required for the assembly phase. and as 
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such. is a usef ul design tool upon which to develop a pot-enti- 

ally sl'-Mple and ecomonic design. On site it provides a detai- 

led description of the parcels of work and 4. --he order in which 

they may be carried out. 

Figure 12 JI-11ustrates a typical sequence diagram as used for 

the Health Centre project showing one method of presentation 

that arri-inges activities into separate elements and operations 

and identifies the critical work tasks. 

C48 ' Anderson J explains his recommendations for using sequence 

diagrams commenting that if the designer uses such an aid the 

effects of each decision taken can be related to the set plan 

and reconsideration made where necessary. If a design detail 

whic. Tri complicates the construction process is incorporated into 

the design, then this is represented in the sequence diagram. 

and its implications can be traced through the complete design. 
0 

In addition, feedback from site can be plotted on the diagram 

and used in acsisting the cons ideration.. of : subsequent projects. 

In addition, it may identify where thoughtful design is likely 

to produce the greatest impact in improving buildability. 

In practice however, the construction sequence appears not to 

follow a well defined flow of sequential events as supposed 

in theory. This-can be. clearly observed in the actual sequence 

of events as represented retrospectively from the Health Centre 

project. The actual sequence, Figure 13, is based directly 

upon a print out from the B. R. E. activity %sampling package 
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which. compares the, relative tim. ef or each operation by ident- 

Eying the specific date- when viork was f irst- recorded and, 

thereafter identifies on each day if activity did or did not 

take place until the completion of -14: 11-lat operation. For ease 

of clarity and understanding,, the sequence shown is the work 

involved to the f irst 17 elements and is selected to illustrate 

t1he construction sequence as the full diagram representing 42 

elements and 137 operations is too large and complex to reveal 

useful detail. 

TLe chart records the first and last work act. iVity on any 

operation, t! ogether vý-th any intermediate work shown in black. 

The periods when no work was taking place for an operation, 

but that operation remained incomplete, is left blank. Manhour 

content Is also prov-. 'Lded. 

Interpretation - 

The restrospectl', ve Gantt chart is time based and as such is 

far more representative of the construction secfaence tban the 

envisaged sequence diagram. Although the pattern of working 

sfiowrs a reasonably logical progression through each stage of 
N 

the construct. -Lon sequence, the real complexity of the process 

is also in evidence. 

Comparison of the potential sequence diagram with-the retros- 

pective chart shows, at a glancer that the two diagrams are 

very alike, especially in the substructure elements of ground 

beams and ground floor slab with a flow of operations through 

221 



the sequence. in practice. however, each operation is not a 
discrete entity as each is not undertaken sequentially to the 

other operations but many are executed simultaneously. This 

is indicated by the many overlapping bars on the retrospective 

chart. 

Within each operation there are very spasmodic work periods. 

Very ferw,, if any, operations are fully completed in a single 

sequence with numerous periods of non-working shown within 

each bar on the chart. The complexity is further advanced 

when examining later construction elements. Many operations 

are undertaken in parallel such as external walling., upper 

floor slab, roof structure and, roof coverings and finishes. 

The highest degree of complexity is that created during finis- 

hings and services trades carried out later in the building 

sequence. 

Also illustrated is the concentration of actIvity around those 

most crucial operations such that ground beams, floor slab 

and, roofing elements have many operations being undertaken 

simultaneously. The generally random distribution of activity 

throughout the external work elements is much as expected with 

work taking place as demanded or as inactivity within the work 

programine would allow. 

An important aspect in the building sequence is the Ilocational 

distribution" of work tasks. The site was divided up 4Anto 

specifl-c work areas with each having identical operations to 
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its ne lighbouring Iocation. Consequently,, the wo-r-kf orce could 

move easily from one. location to the next as work sequence 

demanded. This i's reflected in the chart with many operations 

being undertaken in parallel. Operatives were able to transfer 

I quj-ckly from one operation to the same, or another, opezation 

in a different workplace on the locational grid. If the 1oc- 

ational aspect was disregarded and the chart re-drawn, a far 

more logical and sequencial flow of work would result. 

Illustralt-ed most emphatically is the complex interrelationship 

of trades. Rather than a planned progression through the 

construction sequence with a well defined trade boundaries, 

what actually occurs is the overlapping of trade interfaces. 

TI, As can be seen in the retrospective diagram with a mixture 

of bricklaying, joinery and, roofing trades working simul- 

taneously on walling, roof structure and roof coverings 

respectively. Clearly, trade demarcationy whilst being 

reco=ended in theory is, in practice, difficult to achieve. 

A clear indication of the difference between the actual con- 

struction sequence and that envisaged at the design stage is 

reflected in the upper floor element. It had been anticipated 

that the casting of the slab would precede the construction 

of the roof. structiare. Whilst the contractors programming 

placed the slab construction early in the roof structure work, 

in practice this operation is shown on the retrospective chart 

as taking place much later in the sequence. Actually, both 

operations were conducted simultaneously thereby creating 

difficulties with the separation and organisation of the var- 

ious trades. 
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Assessment - 

Considering the derivatton of the -retrospective chartr it has 

been established that using standard print outs from the B. R. E. 

site activity sampling package. the. progress of the construction 

phase can be easily and quickly displayed in a Gantt chart 

format for detailed examination and comparison with pre-contract 

conceptualisations of the sequence. In this form, the use of 

sequence diagrams and Gantt charts can provide both useful and 

reliable retrospective information concerning contract progress 

and, forms the basis for future de-sign and construction cons- 

ideration. 

The overall assessment of the application of sequence diagrams 

for representing the construction process from the designer's 

viewpoint is that, it is a useful design aid and retrospective 

construction evaluation device. It develops a logical flow 

of thought in the consideration of design and presents some 

degre, em of empathy for the on-site building phase. The sequence 

diagram is a simple device which can be easily understood by 

site management and,, transmits the architects conception of 

the construction sequence directly to the workplace on site. 

The sequence diagram does however, have inherent drawbacks. 

The flow of events for construction operations is not as 

1- 
simple as the architects conceptuallisation or the sequence. 

In contrast to the view that the diagram provides a sequential 

flow, of discrete events,, the operations in reality are under- 

taken simultaneously in sometimes highly complex arrangement-s. 
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Thl's is illustrated clearly by tha, retrospective- Gantt chart. 

Trade boundaries are in practice not well separated and do 

overlap con. -siderably, resulting in conflict between trade 

operations. Task dependence is seen, but again not in separ- 

ated activities, with overlapping operations being commonplace. 

Problems at trade interfaces feature. prominently within super- 

structure. roof s4tructure, services, and finishing trades of 

the workforce. 

The main direction into which the application and development 

of sequence diagrams must move is towards representing the 

complexity of the interrelationships of construction operations 

with analysis of the simultaneous undertaking of operations. 

A further refinement must be the development of time based 

sequence diagrams as these correspond more closely to reality 

and form the basis for subsequent comparison with retrospective 

diagrammatic representations such as the Gantt chart presented. 

The critical objective must be the representation of reality 

rather than merely a designerks conceptualisation. 

Simplification Of Trade. Sequence-and 

'Separation of Trade Interfaces 

It is suggested that the design sequence of construction 

incorporates simpler sequences of trade activities to enable 

the separation and definition of trade working,. and, establish 

clearly the boundaries of one trade from another. it is 

important to specify the dependence of one trade upon others 

. +-n creating-the sequence for any building project in order to 
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regulate. the complexity of interrelationships. 

An important considerration in the development of the designed 

building sequence for the Health Centre was to reduce the 

dependency of trades by rationalising the number of operations 

or changing the technical aspect of tasks to eliminate unnec- 

essary trade operations whilst promoting others. This princ- 

iple can be illustrated with a number of examples drawn from 

Wester Hailes. 

Joinery Trade / Steelfixing Trade - 

In designing the ground beam foundation in the substructure 

lationship of the joinery elements, rather than have an interrel. 

trade and steelfixing trade. in the traditional method of ere- 

cting formwork and positioning steelwork simultaneously., the 

two trades were separated. The steelwork cages were prefab- 

ricated and placed before joinery work to the formwork commenced. 

This involved no disruption of work due to conflict between 

the trades and, also no dependency of the joiners waiting for 
%_ J 

the steelfixers to finish their operations before moving to 

new work locations. 

Joinery / Concreting Trades - 

Trade inter rela. tion sh. -ILP s were simplified in the design of the 

ground beam and it. -s connection with the ground floor slab. 

The design required the installation of beam edge insulation 

to avoid cold-bridging of the joint between these two elements. 

Rather than erect formwork, cast the beam, strike beam form- 
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work, erect floor slab edge formwork, place insulation and,, 

cast the slab,, in a difficult sequence of events, all pre- 

concreting joinery tasks were completed in one operation 
leaving the sequence un-obstructed for the'tasks of the 

concreting trade. 

Concrete / Finishing Trades - 

SiMplification of the trade sequence was evident in the single 

operation f loor slab construction. The choice of af loor slab 

finished to receive direct floor finishes eliminated the need 

for a screed to be laid later in the construction sequence. 

This removed the need for wet trades late in the programme 

which would have hindered the work of other trades, in part- 

icular those of finishing and decorating trades. 

Services Trade / Finishing Trade - 

Se-rvice installations of plumbing, electrical items and, 

specialist equipment were designed to be undertaken in one 

operation thereby removing the need for second E-ix and third 

fix operations disrupting the other operations within the 

construction sequence. Where this could not b, ---ý achieved, 

access for service installations by one trade for another was 

provided by using easily removable access panels in the design. 

For example, electrical services used clip-on skirtings which 

could easily be removed to allow for second fix assembly, 

Wh. ilst joiners positioning boarded flooring installed removable 

panels behind which ducts had been positioned ready to receive 

service facilities in first or second fix operations. 
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Standardisatl: on 

Standardisation is concerned with promoting the repetition of 
technical building details and the use of designs which allow 
the same or similar layouts of, for example, floor plans or 

wall elevations. Empirical studies have emphatically shown 

that the repetition of simple work activities is highly 

productive in terms of reducing manhours expended on any given 

task, whilst dissimilar activities demand a greater requirement 

and organisation of resources. 

With housebuilding, the accent is upon repeating the same 

sequence of tasks on each subsequent house. For the Health 

Centre,, interest is towards repeating detail in the elevation 

design, such as the design of external walls, or locational 

repetition on plan as seen in the floor layout. 

Standcardisation is sometimes disliked since it is associated 

with simpleand, what may be considered as 'bland' perspectives. 

Standardisation however, does not have to be associated with 

un-interesting design detail as both complex technical and 

aesthetic qualities may be designed into the building whilst 

maintaining standardised detail. 

Standardisation essentially concerns the use of resources on 

. Lepetitive operations or Ilabour repetition', use of standard 

components and materials or Imaterial repetition' and, the 

use of modular co-ordination or 'unit repetitiont. The major 

problem associated with standardisation include the following. 
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Firstly, architectsý designs often demand complex plan forms 

with perimeter detail incorporating recesses, alcoves and, 

projections, which although fulfilling many aesthetic and 

structural requirementst do complicate the building sequence 
fo. -. 

- the work tasks involved. Complex elevation design can 

also be a problem with different walling heights frequently 

requiring stepped foundationst or roofing detail demanding 

several degrees of pitch or types of coverings. 

The design of poorly positioned wall elements such as doors 

and window features are frequently apparent through the use 

of differen-'%-- design types of size such that the continuity 

of design is lost. Internally, room design of different size, 

height and, shape. are often required,, together with a range 

of internal finishes and decoration. All of these have 

consequential effects upon the construction sequence. 

TheInte-gration of components is not always easy to achieve 

ractice. with difficulties being experienced in, for in p. 

Jnting of brickwork to blockwork elements, I example, the jo., - 

building roofing elements to different wall heights on 

elevations or, applying different types of finishes to 

internal and wall elevations. 

The requirement for specific room sizes and similar criteria 

may effect the economy of the design rwith the necessity for 

say, uneconomic spacing and span of joists or unequal size of 

wall boardings all having some effect. The use of modular 
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Figure 14 
Use of Standardisation and Modular Co-ordinafion 
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co-ordinzktion and repetitive use of resources was emphasised 
for the Health Centre project. Aspects of standardisation 

were incorporated in the design in both the substructure and 
superstructure elements as shown in Figure 14. 

Ground Beams - 

In considering the ground beam foundation design, the perimeter 

edge beam was detailed to have specif ic dimensions and shape 

throughout the design only dif f ering in. depth to allow f or 

poor sub-soil conditions within an isolated area of the site. 

The continuity of design allowed the repeated use of prefab- 

ricated. formwork sections which were not only economic in 

terms of the formwork itself, but reduced the time involved 

in making, placing and striking the shuttering. 

External Walls - 

Blockwork elevations for the external wall element were 

standardised. to maintain a simplified design eliminating the 

complexities of recesses and projections. Where these were 

unavoidable, dimensions were calculated such that they corre- 

sponded- to exact block lengths to reduce cutting and wastage. 

Similarly, openings in the walling elevations were of standard 

dimensions andi at equal spacing, again to a predetermined 

grid system. 

Door and Window Features - 

Door and window features were designed as an integral part of 

the externial wall element and, were co-ordinated in terms of 
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dimension and shape to suit the 300mm grid specified for the 

walling elevations. Continuity was encouraged with repetition 

of the same windows and door sets built-in to all elevations 

on both external and internal walls. The specially designed 

sets were detailed to be built in as the. blockwork proceeded 

rather than being positioned later in the construction sequence. 

TI-. is eliminated the need for joiners being at all involved in 

I 
the window and door construction as all operations could be 

undertaken by the bricklaying trade. 

The use of co-ordinated. structure and coverings was successfully 

used with predetermined dimensions to accommodate 'even' sizes 

of floor and wall boardings set upon economically spaced joists 

and stud partitioning. Similarly, other standardised items 

such as joist hangers used to support upper floor joists were 

designed to be used with specifically sized timbers enabling 

them to be measured and cut off-site and supplied ready to 

fix Jn place. 

Building Tolerances 

The flexibility of construction detail and, the ability to 

effect changes in the design has always been a prominent 

feature of the traditional building process. Changes may be 

made relatively easily without adverse disruption to the 

construction sequence and often without affecting cost param- 

eters. The steadily increasing demands for precision however, 

im terms of co-ordinating differenit building components and 

materials, whilst being conduciVe towards good buildability, 
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MaY in fact be restricting the f lexibility of the construction 

process. 

In the C. I. R. I. A. review of buildability, (-l). it was identified 

that design of the assembly process should recognise achievable 

tolerances. observation in practice suggests that perhaps 

buildability requirements are demanding too narrow a level of 

building tolerance within the design such that difficulties 

are experienced on site. 

The advocation of standardisation and, modular co-ordination, 

can be conducive towards developing achievable tolerances. 

Problems occur where different methods of construction meety 

or where dissimilar components and materials are at adjacent 

interfaces. These problems exist, in addition to the diffic- 

ulties of trade tolerances where associated trades work to 

different degrees of accuracy and consequently, problems 

result at --he. interface of trade boundaries. 

Blockwork - 

An exampLe of the narrow tolerances expected can be seen in 

th. e. cutting of blockwork to the external walling element. 

Traditional practice of cutting blocks involves marking the 

block all round with a chisel and bolster cutting across the 

block. For the Health Centre however, saw-cutting was speci- 

fied. The architect considered that bolstering the blocks 

was very inaccurate, resulting in excessively wide joints which 

involved the block setting-out being pushed off-g. rid. 
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The 300mm setting out grid recommended as a potential contri- 
bution towards good buildability demanded such a narrow working 
tolerance that the blockwork was difficult to build in pract- 
ice. The architect stated that, as a result of nott cutting 
the blocks by saw, the block sizes were larger since there is 

no saw-cut loss and as such, would not meet the requirements 

of the designed grid. In addition, it was commented that, to 

make a one-third / two-thirds cut by bolster at the workplace 

by eye is more difficult than to make a half block cut, there- 

fore saw-cutting should be carried out. The differences of 

bolster and saw cutting are illustrated in Figure 15. 

In contrast, the building contractor remarked thz-Lt saw cutting 

at the workface is a much slower operation than bolster cutting 

for a skilled blocklayer and, that cutting the blocks centrally 

on-site by saw with- subsequent handling to the workplace was 

an uneconomic proposition. The significant point is that the 

architect did not appreciate the construction process and, 

specified such a restricted degree of tolerance as to take into 

account only one-method of cutting. This created difficulties 

on sA-te which must be considered to be avoidable if greater 

consideration had been given by the architect. 

An illustrative example of inadequate material tolerances, also 

relates to block-work. The design had not allowed for the fact 

that irregularities often occur in block sizes delivered to 

site. Although this is a problem for the manufacturer, who 

usually replaces mis-shapen or oversized components, it does 
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Figure 15 
Building Tolerances : Cutting to Blockwork 
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not alleviate the immediate problems-and inconvenience thereby 

caused. 

The method of building blockwork and, in particular the ways 

of cutting blocks, is important in achieving a high standard 

of workmanship, but should not be an impediment to setting-out 

the blockwork. Building tolerances should enable blocks to 

be cut by either saw or bolster and not be so narrow as to 

restrict traditional practice familiar to the building opera- 

tives. In addition quality control of blocks is important 

since, irrespective of the bonding design, poor quality mate- 

rial tolerances cannot be hidden in the setting-out detail. 

Concrete Work - 

The difficulties associated with the tolerances expected by 

different trades were evident in the ground floor slab const- 

ruction. The floor was designed to be case in a single oper- 

ation eliminating the need for wet-trades becoming involved 

late in the building sequence casting lightweight concrete 

-screeds. This design necessitated the finish of the floor 

to be exactly level to receive direct finishes, yet in practice,, 

this was difficult to achieve. 

Although a considerable amount of manhours, were consumed in 

finishing the floor slab, the specified level of floor could 

not be achieved resulting in several areas where depressions 

and bulging were apparent. This demanded extra manhour 

expenditure in repeat work involved with making up to level 
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with, wet-mix concrete and finishing to the levelled surface 

required. Clearly, the demands placed upon the concrete 
trade in terms of achievable task tolerance was too finite 

a level of precision to be adhered to in practice. 

Foundations - 

Building tolerances in many cases encourage aspects of good 

buildability and building practice. For example, in the 

design of the substructure work up to damp-proof-course level, 

the tolerances for each assembled component was specified. 

ThIs led to the co-ordination of concrete blinding, ground 

beam foundation and, ground floor slab construction. The 

blinding thicknessr ground beam depth and, ground floor height 

were specified dimensionally such that they combined to achieve 

a predetermined level so that rationalised traditional block- 

work could be built immediately of f the slab without cutting 

blocks or making up with excessive mortar courses. 

It was observed that practical tolerances were allowed in that, 

the blinding, foundation and floor dimensions could be modified, 

subject to their overall dimension being within the specified 

level. This facilitated some de-gree of flexibility within the 

design whilst also encouraging good buildability practice. 

, Roof Structure - 

13oth practical trade and material tolerances were evident in 

the roof structure where the use. of joist hangers were prefe- 

rred to building-in the-ends of the joists. The hangers 
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allowed timber joists to be of suitable length., subject Ito a 

10mm reduction in the overall length. at either end of +,, h. e 

joists and still sit within the hangers. This meant that 

joists could be pre-cut to an approximate length. away from 

the workplace which sirplifi, ed the on-site operation greatly. 

Communi cations 

Any potential advantages available through the implementation 

of aspects of good buildability may only be realised in the 

construction process on-site if the architects design in-', -en- 

tions are clearly and efficiently passed to the build-4&-ng 

contractor. Herein lies the fundamental problem of communication 

The transfer of information concerns all the contractual 

parties involved in the construction process. Specifically 

from a buildability viewpoint, interest is expressed towards 

communicating technical detaill of the design to the contractor 

and, moreover, concerns the provision of information to the. 

workplace. 

Problems usually occur due to inadequacy of the information 

passed from the architect in terms of detail required for 

component assembly, or ambiguity in the interpretation of 

detail by the contractor. In addition, some difficulties 

occur due to inappropriate timing of information passed to 

the contractor, as late provision of drawings or specifications 

may determine delays to the. work se. q7aence. 
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For the Health Centre project, a number of facilities were 

provided in the design process to aid the achievement of good 

buildability. In relation to the modular co-ordination of 

the building components and materials, a predetermined grid 

layout was given to the contractor. Based upon a 300mm grid 

system, it involved setting out to a grid of 14 units by 12 

units spaced at 3 metre intervals. Once the grid had been 

set out and marked on site, all measurement could be related 

to the grid in regular multiples of 300mm. The main lines of 

the grid corresponded to both the external and internal wall 

layout. Figure 16 illustrates this grid system. 

An example of co-ordination of materials to this grid could 

be seen in the blockwork element. Elevations for each face 

of the building were not produced, with preference being to 

provide detailed drawings for eacli corner situation to bring 

the blockwork onto the grid. The- contractor simply had to 

build the corners to the presented information and fill in 

the elevation detail with regularly designed blockwork. This 

did give some difficulty however, in the case of the one-third 

bonding detail since the contractor was unfamiliar with the 

method. The architect stated that, upon reflection, complete. 

details may have eliminated the problem experienced with 

communicating the design intentions of the blockwork element. 

Although. the ultimate choise. of construction sequence rests 

with the contractor, may be, advantageous if the architect 

recommends what might be the pref-erred sequence of activities. 
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Figure 16 
Co-ordinated Grid Layout for Ground Floor 
Provided by The Architect 
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Figure 17 
Architects Recommended Stab Setting Out For 

Ground Floor Concrete Casting Sequence 
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Such an aspect became evident with the architect providing a 

potential setting out sequence for the casting of the ground 

floor slab. Figure 17 illustrates this facility. 

Each bay was designed to have a4 metre width to accommodate 

the mechanical dewatering system specified in the slab finishes. 

In this way, casting of the slab was undertaken in the most 

efficient way with bays at alternative ends of the building 

being cast on successive days within a twenty day period. 

The contractor, whilst appreciating the bay design to accom- 

odate the dewatering equipment-said that the slab may have 

been cast more quickly by increasing bay size with widths of 

up to 6 metres being quite feasible. Otherwise, the builder 

supported the architects recommendations. 

The provision of manageable sized drawings was made to the 

contractor where, in addition to the usual 'Al' sized drawings 

being provided, IA4' size assembly drawings were available. 

This presents an advantage in that drawings could be copied 

and used-directly at the workplace. This system was a 

continuation of the provision for the housebuilding studies 

and on the Health Centre proved to be an extremely useful 

contribution to improved communications. 

An important aspect of communication is that which ensues 

when the construction sequence involves design changes and 
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variations to the planned works. It may be over-critical 

to suggest that a design rationalised project should have 

no variations as the design should have been meticulously 

considered to eliminate such changes, but nearly all constr- 

uction projects will, at some stage, be subject to change 

and -when changes do occur it is interesting to observe the 

way in which they are handled. 

The design attitude towards variations is not in reconsidering 

the design from a rationalised viewpoint but merely in detail- 

ing the re-design quickly and simply to effect the required 

change. The managerial viewpoint is equally as urgent with 

a persistent interest towards "getting the job done". In 

fact, there is no conern. in rationalising the operation at 

this stage and this explains the fact that variations gener- 

ally have a greater manhour expenditure than the originally 

planned work. 

An example of such a variation could be seen in the use of 

hardcore. fill below the building which was changed at the 

contractors request when it was identified that in construct- 

ing the permanent access the hardcore was difficult to compact 

and that a more finely graded hardcore was required. In terms 

of the Health Centre project this variation represented a 

-major change to the work and necessitated re-designing and 

modifying some structure road elements to kerb and drainage 

construction and, substructure elements to the building itself. 
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These changes affected the construction sequence in that 

firstly, the architect was slow to respond to the requested 

change and, then having accepted the change was slow in 

re-designing the required construction putting the contract 

programme off schedule. 

Once involved in making the alterations, no attention was 

given to rationalising the design and sketch drawings were 

passed to the contractor for modifying as was deemed sensible 

in undertaking the work. In terms of manhour expenditure, 

the access road which was scheduled to be completed in eight 

days actually took nineteen days to construct. 

Time becomes an influential factor once the construction 

sequence is disturbed and, it is perhaps this factor in 

itself which commands the attitude towards variations. Varied 

work appears not to be 'managed' but becomes subject to 

"ad-hoc" managerial procedures in order to regain control 

and put the work sequence back on programme. Variations tend 

not to be treated as work items which can be planned and 

executed simultaneously with other operations, but tasks 

which assume the urgency of an emergency and for which all 

other operations are halted. Clearly, some variations involve 

critical activities which must be completed before scheduled 

operations many continue, but generally variations represent 

changes to less critical activities which may be handled in 

a more benef-A; 
-cial way through thoughtful management. 
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6.4. THE BROADER 7ý'SPECTS' WD WIDER 

IMPLICATIONS OF BUILDABILITY 

A Problem of Contractual Envl'ro=ent 

It is clearly evident that the managerial procedures adopted, 

the technical aspects of buildability and, the communication 

of design information, are aspects with far reaching implic- 

ations for the construction sequence such that they have a 

great effect upon building time and costs. Design detail 

cannot be separated from the construction operation since it 

represents an intrinsic part of the building process. Similarly, 

buildability maintains important underlying principles having 

such effect throughout the building process that it cannot be 

ignored. Ensuing consequences of implementing buildability 

criteria reach beyond merely the technical concepts and, 

involves contractual parties other than the architect and 

building contractor. This is where management assumes a 

dominant role in the building process. 

Although the mainstream of interest in buildability is curren- 

tly concerned with the technical aspect, the broader viewpoint 

with its wider implications is important since it represents 

the medium through which buildability may be promoted in 

practice. Furthermore, it is not too strong a statement to 

suggest that withoult- considering the broader aspect of 

buildability, its principles will have no significant impact 

towards encouraging improvements in tHe building process. 
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To advocate consideratjýon for buildability in the buildinq 

process is, in theory, simple. its implementation in a 

practical context however, is a complicated proposition. It 

3-s suggested that the greatest barriers impeding the encoura- 

geinent of good buildability are those associated with problems 

of tradition. The prevalence of fragmentation within the 

industry separates the contractual parties making managerial 

unification of the design process and the construction phase 

3. mpossible under the traditional form of building contract. 

The C. I. R. I. A. study group in summarising buildability concl- 

uded. that, good buildability depends upon both the architect 

and the building contractor appreciating the total building 

process and displaying empathy for each others role and func- 

tion. A fundamental issue is that different parties involved 

with, the construction process all view buildabilitY from a 

different perspective and, rather than observe its principles 

Ln a related context, become absorbed only in their individual 

contribution. Simplification of the building process gathers 

support only if it is within the individuals own interest to 

pursue the aims and, little consideration is extended towards 

other associated disciplines. Emphasis is more directed 

towards exploiting each others differences than attempting to 

resolve them. First and foremost, it is imperative that 

everyone involved appreciates the implicaltions that their 

actions have upon others and, also recognise the benefits of 

good buildability which, may be, generated through their combined 

positive contribution. It is important to recognise however, 
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that possibly only through changes in the traditional approach 

to the building process will the achievement of good buildabi- 

lity become a long term realisation. 

Seeking a Solution 

The aforementioned aspects reflect the prominent difficulties 

of present construction practice. There are clearly discernible, 

two directions in which interest may be channelled to seek 

improvement. The first is to effect improvement in buildabil- 

itY without departing from the normal contractual procedures, 

or from traditional building techniques, through promulgating 

greater awareness for buildability and seeking ways to 'manage' 

its most positive aspects. The second direction is to intro- 

duce alternative forms of contractual arrangements to those 

presently favoured, with the intention of circumventing the 

problems associated with conventional procedures and which 

considers buildability as an integral part of its managerial 

approach. 

The increasing departure from traditional contractual proced- 

ures towards specialised arrangements such as management con- 

tracting,, project management and, package deal design and build, 

make the present attitude somewhat self evident. The toler- 

ance. of contractual parties towards the implications and 

problems invoked by tradition are rapidly waning as the 

benefits that may be accrued through other contractual forms 

are recognised. 
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Trrespective of tb-e contractual arrangement however, whether 

it be of traditional or hybrid form, the inherent difficulties 

associated with each revert to a fundamental problem of comm- 

unication which in turn focuses on management. The various 

types of contractual procedures tend to differ only in the 

method, level of thoroughness and, degree of explicitness of 

the information that is communicated between parties. 

Although there are those practitioners who advocate the wide- 

spread adoption of hybrid forms of contractual arrangement, 

the benefits of which are highly incentive and, whose use must 

surely increase, it does not relieve the industry of its pres- 

ent problems and responsibilities. Measures must be taken 

within the traditional building process not necessarily to 

eliminate the prevalent difficulties, but to ease their effect. 

With the traditional forms of building contract, the contractor 

plays no part in the design process and remains separated from 

the architect until contract documents are provided for tend- 

ering purposes. Accordingly, any contribution towards the 

implementation of buildability that the contractor. may impart 

upon the building process is lost. 

The procedures associated with U. K. contractual arrangements 

are frequently compared with those of other countries. of 

particular interest are U. S. practices where contract partic- 

ipation in the design process is actively encouraged. Emphas- 

j_S towards understanding the implications that design decisions 
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have upon the time and cost of building and,, it i's recognised 

that only the contractor has an accurate perception of the 

possible construction methods, the time involved and, the 

costs incurred. 

Although comparison may generate misconceptions in either 

method it is clear that,, whilst the U. S. system advocates 

early consultation with the contractor, the U. K. practice 

precludes such involvement. As the complete restructuring of 

traditional U. K. practice, where architects may undertake 

not only design but construction management, remains an 

unlikely proposition, interest is expressed towards incorpor- 

ating the design process and the construction phase in spec- 

ialised forms of contractual arrangements. 

Studies undertaken by the Tavistock Institute of Human 

Relations 
(49) 

revealed that adequate co=unication was not 

encouraged between the various disciplines, both in the client 

direction and also towards the contractor. The inception of 

construction projects and the establishment of the brief was 

said to suffer from a lack of involvement on the part of all 

professionals involved in the building design and, there was 

a need for continuous inter-communication between 1--he 
parties. 

The introduction of specialised contractual procedures seeks 

to disprove these critiscisms through the managerial integra- 

tion of the design and construction process. 

irrespective to the. form of contractual arrangement, the 
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objectives remain common, with emphasis placed upon management, 

to integrate the functions of design to those of construction. 

A greater understanding of project criteria is encouraged, 

wi-"L. h the implicaltions of design upon the construction process 

assuming prominent concern. Buildabill-ty, with partial 

interest resting within the influence of the designer and, 

subsequently influenced by management of the construction 

phase, can only benefit from the development of advanced 

contractual procedures. 

The advantages introduced are many, within which aspects of 

good buildability are inherent or may be easily imparted. 

These may be summarised as follows: 

I The nature of specialised contractual procedures promotes 

the development of an integrated design and construction 

team with emphasis upon the management of the total 

building process. 

The closer involvement of building contractors in the 

design process may provide designs which display greater 

appreciation of construction methods and make the managerial 

task on site simpler. 

3 Tntegrated design and build arrangements maintain sufficient 

flexibility for application to a wide range of buildings. 

4 An increase in liaison between members of the building team 

improves communication -Chroughout the design and construc- 

tion process. 
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5 Since the design input is more comprehensive. and bears 

greater relation to reality the detailing of technical 

assembly is simplified. 

6 The contractual forms restrict variations or changes from 

the original design and disruption of the construction 

sequence is less likely to occur. 

Imediate response is possible to variation in the. design 

or to necessary changes in resource utilisation on site 

ensuring work continuity. 

As design and construction are composite activities the 

commissioning process is simplified encouraging shorter 

contract durations. 

9 It is possible to generate highly accurcate costs and 

provide the client with a precise assessment of his 

financial commitment early in the comnissioning process. 

10 The procedure apportions responsibility for contractual 

and practical shortcomings to a sole party thereby 

simplifying problems of contractual disagreement. 

Although the long term benefits of close association between 

the designer and contractor are, evident, the recent increased 

popularity of specialised contractual forms has resulted in 

drawbacks becoming apparent. Clients have not always realised 

their desired intentions and rectifications to inadequacies 
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in their commissionings have, been costly, 

The cost of initiating contracts under specialised forms have 

been found in many cases to be considerably greater than by 

traditional approaches. Practical problems occur in the 

pursuit for increased speed of construction and it is common- 

place for the designer to omit critical detail, not to adhere 

to requirements of quality, or fail to meet standards of 

workmanship and performance. The contractor faces problems 

in that he may be unable to develop alternative design 

solutions to specific problems because only an outline 

performance brief is usually provided by the client. In 

current practice, the number of contractors sufficiently 

competent to offer 'in-house' design facilities are limited 

and the choice of contractor is reduced accordingly. In 

addition the building process may lose a degree of flexibility 

as control rests with the contractor rather than the client's 

representative making it more difficult to instigate design 

changes. 

Despite attendant critiscism, the advocation of specialised 

forms of contracting procedures is increasing. 

auildability has stressed importance upon providing buildings 

that represent tr,, e best possible value for money. Specialised 

forms of contractual arrangements, when applied to suitable 

projects, are considered to meet this vital need and, can only 

aid,. rather than liarm, the-efficiency with which the construc- 
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tion process is cArried out. 

6.5. OVERVIEW AND CONCLUSIONS 

Buildability is presently within its evolutionary stages of 

development with both researchers and practitioners only now 

beginning to recognise the benefits that may be derived and 

the true implications that are involved. 

The concern of empirical studies has been definitively focused 

upon design and the contribution that the architect can bestow 

upon the construction process. Presently, interest within 

the industry has been directed towards the technical complexity 

of the building design with emphasis upon simplification to 

make the building more buildable. 

Although the outset of the Health Centre study pursued the 

viewpoint of previous studies, an emphatic transition has 

occurred in the light of considerable evidence presented. 

Whilst the contribution of design is thought not to have the 

strong influence empirical studies have suggested, managerial 

aspects have been identified as being the critical influences 

upon achieving better buildability and increasing levels of 

productivity. 

From the analysis of considerable quantitative and qualitative 

data from the Healtr'i Centre study and its comparison with 

empirical housebuilding studies the prominent conclusions 
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are summarised as follows: 

1. There is little evidence to support the theory that 

design rationalisation of traditional dessign is a major 

I influence upon increasing productivity and achieving 

better buildability. 

The S. D. D., B. R. E. and, N. B. A. in research 

studies over the last 20 years maintain they 

have increased productivity through implementing 

a progressive programme of design rationalisation. 

However, in analysing their data this suggestion 

is invalid. Relating to their tables of manhour 

expenditure there has been little difference in 

manhours expended over any of the studies and, 

certainly there is no evidence to conclude that 

design rationalisation has the greatest influence. 

Moreover, the comparison of manhour expendit. - -ure 

expressed in manhours per square metre of floor 

area showed no substantial increase in product- 

ivity has been achieved and in fact, many figures 

are inferior. 
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Empirical studies conducted by the S. D. D., B. R. E'. and, 

N. B. A.,, have suýag-e'sted that it is po sible to transfer 

any potential influence towards increasing productivity 

direct from housing to other forms of construction. There 

is little evidence that this was in fact the case with 

. 
the present 2roject. 

In terms of collecting and analysing data, 

research studies have been looking too deeply 

a the design aspect and, thinking design 

is the key to increased productivity and better 

buildability such. that influential factors can 
11 be transferred from one design to another is 

an invalid suggestion. 

Empirical evidence in no way substantiates that 

what is an influential factor in one project 

will be equally as influential in a subsequent 

situation. 

3. In empirical studies, too great an emphasis has been 

I placed upon collecting and analysing purely quantitat-Ave 

data to support manhour expenditure rather than obtaining 

evidence to explain the factors which govern that expend 

ture. 

There are sufficient drawbacks with the B. R. E. 

activity sampling process, both inherent in the 

method itself and, in its implementation, to 

warrant investigation of alternative method. --D 
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of data collection. 

It is considered that the B. R. E. process is 

somewhat outdated in that throughout a 20 year 

period of use, the method has achieved little L 

development and, retains its direction towards 

collecting bulk. quantitative data rather than 

providing explanatory and informed evidence 

of its subject of study. 

Managerial aspects are identified as maintaining the 

greatest influence to increasing productivity and achieving 

better buildability. 

The achievement of a greatly increased level of 

productivity is greatly influenced by a combin- 

ation of factors which can be considered to be 

managerial, of which any one in isolation ., 

proposes little influence, but many acting 

simultaneously are significantly influential. 

Buildability consideration has seemingly only 

been viewed through the need to integrate the 

design process with the construction phase 

by manipulating design, when clearly the 

interrelationship between design, management 

and, the. building phase, merits greater under- 

standing. 
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5. Managerial capability can overcome inadequ te design 

but, a well rationalised design will not overcome 

inadequate management. 

The Health Centre. study exemplifies how inadeq- 

uacies, within even a rationalised design, may 

be overcome through a greater awareness for the 

site managerial processes. I: E is suggested 

that the high level of productivity achieved 

on the Health Centre study is attributable to 

competent managerial capabilities demonstrated 

by the contractor, without which, the Health 

Centre would have shown levels of productivity 

greatly below that level achieved. 

As the site managerial process is greatly 

significant, then clearly the key to achieving 

project success is to transform the design into 

construction through a well managed and integr- 

ative-approach towards the total building 

process. 

6. Ad-hoc managerial procedures are equally as important 

as planned management in. achieving project success. 

If well planned managerial procedures and design 

rationalisation, are implemented positively then 

the necessity for variations or architects 

instructions within a conOstruction project 

should be substantially reduced. However, 
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variations still commonly occur requiring 
I instant managerial response. 

These changes do not reflect design rationalis- 

ation thinking but merely the managerial need 

to get the job done. Invariably, more time 

is taken in completing the variation work yet, 

additional time or cost is disregarded in 

pursuit of bringing the project back within 

the planned programme of work. 

7. With management representing a key factor in achieving 

better buildability and increased productivity, future 

contractual procedures need to be developed which encourage 

managerial capability to be used to its fullest extent 

throughout the building process. 

Benefits are to be achieved from contractual 

procedures which emphasis management of the 

total building process. However, this does 

not alleviate the fundamental problems presently 

confronting the industry and ways have to be 

found to achieve better buildability within 

existing construction practice. Such an approach 

is that of the British Property Federation System 

(50) for Building Design and Construction (1983) 

This advisory document seeks to integrate the 

building team under the supervision of a 'design 

leader' and promotes management in bridging the 

258 



gap between design and construction, 

Future Investigation 

It has been identified that management is a major influencing 

factor in achieving better buildability and it is towards 

obtaining a greater understanding of this aspect that attention 

should be directed. Previous empirical studies have been 

concerned with only traditional design and no practical rese- 

arch has been undertaken to assess the nature of buildability 

or productivity on different and more complex building types. 

Furthermore, a requirement exists to make comparative studies 

to provide information across a range of building types to 

observe the contribution that buildability can make to each. 

As the technical complexity of building increases so the 

research problems involved in observing the construction 

process are multiplied. The focus of attention has been 

towards collecting quantitative information, but a greater 

emphasis must be placed upon developing a data collection 

system which is not only structured. and reliable but more 

advanced than that which is presently used. 

A chronological serie-s of quantitative and descriptive records 

illustrating the changing state of the building assembly and, 

distributionr density, and the management of building operations 

would provide the essential descriptive background against 

which-to develop more structured and detailed analysis of the 

site managerial processes. 
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It will also be necessary to impose a more comprehensive view 

on sub-sets of data to analyse in greater, detail the. actual 

pattern of site events and interrelationships of activities 

and trades. Whilst suchanalytical methods would be essential 

in explaining managerial strategies on construction sites., it 

is intended to augment rather than replace entirely conventional 

quantitative manhour analysis. 

As specialised forms of contractual procedures and revised 

forms based upon the traditional process are adopted, the 

potential for buildability to be implemented is enhanced. 

Forms of building contract and their effects upon buildability 

must represent a direction into wb-ich buildability research 

must progress. A number of case studies implementing build- 

ability within different forms of contract would facilitate 

comparative assessment. 

Future design work must be undertaken to establish a set of 

sound technical design details which retains sufficient 

standardisation to enable use-in a wide range of building 

types. However, rather than simplifying the design merely 

for tb-e sake of simplification emphasis should be upon 

assisting the managerial aspects of converting the design 

the build--, -ng process. This is fundamentally a problem 

of managerial communication and, whilst present concern is E 

expressed towards improving thetransfer of information from 

the. designer to the workplace, the improvement of all levels 

of comipunciation and liaison between contractual parties must 
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be developed. Only when a more integrated approach towards 

the construction process is promoted will there be a greater 

understanding of the process of building to reduce the diffe- 

rence, between design and the construction phase thereby 

simplifying and increasing the efficiency of the overall 

buiLding process. 

261 



Appendix 1 



Guidelines for good buildability 

GENERAL PRINOPLES 

2.1 Carry out thorough investigation and design 

The investigation of site conditions and the design of a project should be 
thorough, complete, and clearly presented before commencement of construction. 

2.2 Plan for essential site production requirements 

The layout of a building or buildings on site and the programming of phased 
completions should recognise the requirements of site access, materials handling, 
and construction sequences. 

2.3 Plan for a practical sequence of building operations and early enclosure 
The method of construction of a project should encourage the most effective 
sequence of building operations, and it should recognise the advantages of an 
early enclosure of the building. 

2.4 Plan for simplicity of assembly and logical trade sequences 
The construction and fitting out of a building should encourage simplicity of 
assembly, recognise trade sequences, and minimise requirements for return visits. 

2.5 Detail for maximum repetition and stanclardisation 

The design of building elements and details should encourage repetition and 
standardisation. 

2.6 Detail for achievable tolerances 

The design of the assembly of a building should recognise achievable and 
appropriate tolerances. 

2.7 Specify robust and suitable materials 

The specification of products and materials should allow for site conditions, and 
they should be suitably robust and protected. 

RECOMMENDATIONS AND EXAMPLES 

The following pages give recommendations and show illustrated examples of poor 
buildability, based on the interviews with contractors. 

Figure 1 
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3.1 CARRY OUT THOROUGH INVESTIGATION AND DESIGN 

The investigation of site conditions and the design of a project should be 
thorough, complete, and clearly presented before the start of construction. 

Recommendations 

Sufficient time and resources within an appropriate design budget should be 
allowed to enable complete and thorough project information to be prepared 
before tendering procedures and before start of construction. 

2. Resources should include for the assistance of appropriate specialist 
consultants and their early appointment. 

3. Thorough site surveys (including determination of ground conditions, 
underground hazards and other potential problems) are essential to avoid risk 
of subsequent expensive delays and alterations after construction has 
commenced. 

4. Complete project information should be planned and co-ordinated to suit the 
construction process and to facilitate the best possible communication and 
understanding on site. 
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3.2 PLAN FOR ESSENTIAL SITE PRODUCTION REQUIREMENTS 

The layout of a building or buildings on site and the programming of phased 
completions should recognise the requirements of site access, materials handling 
and construction sequences. 

Recommendations 

1 The location of access onto and around sites during construction should be 
carefully considered at the design stage. This is often a crucial matter for 
congested city sites. 

2. The location of material storage and unloading facilities is directly related to 
problems of access as well as those of distribution. Where possible, these 
areas should also be considered at the design stage. Again, on congested 
sites, it is frequently necessary to phase work so as to facilitate the use of 
part of the building shell for storage. 

3. The layout of sites should allow the maximum use of mechanical plant, 
particularly for the movement of materials. Where possible, suitable 
locations for tower cranes and their bases should be identified and left clear. 
On large jobs, the construction of floor slabs with sufficient strength can 
facilitate the use of dumpers and fork-lift trucks, and opportunities of this 
type should be created wherever possible. 

4. Where the use of scaffolding is anticipated for the construction of external 
walls, these should be detailed to permit continuous working, so as to use the 
scaffolding in the most economic manner. 

5. These examples, and other aspects of the strategy of site production, should 
be considered when preparing details and phased completions. 
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3.3 PLAN FOR A PRACTICAL SEQUENCE OF BUILDING OPERATIONS AND 
EARLY ENCLOSURE 

The method of construction of a project should encourage the most effective 
sequence of building operations, and it should recognise the advantages of an 
early enclosure of buildings. 

Recommendations 

Construction detailing should encourage simple sequences of operations, 
enabling each to be completed independently and without interruption (e. g. 
completion of concrete foundations and site slab for low-rise construction 
before commencement of brickwork). 

2. Where a series of buildings is to be constructed (as in a housing scheme), 
designs should permit a similar sequence of operations for all buildings so 
that a continuous flow of work can be arranged. 

3. The construction and detailing of a building shell, including the roof 
(whether of framed or load-bearing construction), should facilitate the 
enclosure of the building at the earliest possible stage. Following operations 
can then commence early in the programme, and they can be carried out 
without hindrance from the weather. 
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3.4 PLAN FOR SIMPLICITY OF ASSEMBLY AND LOGICAL TRADE 
SEQUENCES 

The construction and fitting out of a building should encourage simplicity of 
assembly, recognise trade sequences, and minimise requirements for return visits. 

Recommendations 

The fitting out stage of a building requires the simplest possible details 
(particularly at the points where various building elements, finishes and 
services meet), so that work may be executed efficiently and in a 
workmanlike manner without risk of damage to adjacent finished elements 
and without requirements for special protection. 

2. The sequence of assembly and finishing trades should also be considered so 
as to assist with the co-ordination of trades, to minimise delay and to reduce 
the number of return visits to site. 
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3.5 DETAIL FOR MAXIMUM REPETITION AND STANDARDISATION 

The design of building elements and details should encourage repetition and 
standardisation. 

Recommendations 

The design and shape of reinforced concrete elements should encourage the 
re-use of formwork. 

2. The use of standard, readily available items should be encouraged so as to 
reduce cost and the increased risk of error involved in the construction of 
specials. 

3. Where possible, the dimensions of building elements should reflect material 
sizes, and should be arranged to reduce labour and wastage of material by 
special cutting. 

The design and assembly of repetitive building elements should be similar, so 
as to A-educe learning time and to speed construction. 
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3.6 DETAIL FOR ACHIEVABLE TOLERANCES 

The design of the assembly of a building should recognise achievable and 
appropriate tolerances. 

Recommendations 

Designs should recognise the limits of tolerances normally attainable in site 
construction. 

2. Problems of fit normally occur at the interface between different products, 
methods of construction, materials and methods of manufacture, and these 
matters should be considered and allowed for by suitable jointing methods at 
the design stage. 

3. The consequences of assembly sequences should also be considered (i. e. when 
items are built in, differences between fine factory tolerances and those of 
normal site construction can usually be accommodated quite simply). 
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3.7 SPECIFY ROBUST AND SUITABLE MATERIALS 

The specification of products and materials should allow for site conditions and 
they should be suitably robust, and protected if necessary. 

Recommendations 

Products and materials should be selected with care, particularly those which 
have not been established and accepted within the industry for some time. 
They must be proven to be suitable for the use to which they are to be put. 

2. Products and materials should be selected which utilise normal site assembly 
methods and sequences, with subsequent construction operations, and wear 
and tear in mind. 

All manufacturers' recommendations on handling, storage, and application 
or assembly and protection should be capable of being complied with, and 
should be referred to in the specification. 
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Text cut off in original 
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NAME 
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TRADE LIST : OPERATIVE CODE & NUMBERS 

Asphalter 1- 50 Gardeners 1101 1--0 - liý 
Foreman 51 - 60 
Apprentice 61 - 70 Blacksmiths 1151 - 1160 
Labourer 71 - loo 

Gas Heat. Eng. 1601 - 1650 
Bricklayer 101 - 150 Foreman 1651 - 1660 

Foreman 151 - 160 Apprentice 1661 - 1670 
Apprentice 161 - 170 Labourer 1671 - 17CO 
Labourer 171 - 200 

Elec. Heat. Eng. 1701 - 17530 
Carpenter/Joiner 201 - 250 Foreman 1751 - 1760 

Foreman 251 - 260 Apprentice 1761 - 1770 
Apprentice 261 - 270 Labourer 1771 - 1800 
Labourer 271 - 300 

Plumber 1801 - 1850 
Electrician 301 - 350 Foreman 1851 - 1860 

Foreman 351 - 360 Apprentice 1861 - 1870 
Apprentice 361 - 370 Labourer 1871 - 1900 
Labourer 371 - 400 

Harler 1901 - 1950 
Floor Layer 401 - 450 Foreman 1951 - 1960 

Foreman 451 - 460 Apprentice 1961 - 1970 
Apprentice 461 - 470 Labourer 1971 - 2000 
Labourer 471 - 500 

Office Staff 2001 - 2050 
Gas Fitter 401 - 550 Site Engineer 2051 - 2060 

Foreman 551 - 560 
Apprentice 561 - 570 Electricity Board 2501 - 2550 
Labourer 571 - 600 Foreman 2551 - 2560 

Apprentice 2561 - 2570 
Glazier 601 - 650 Labourer 2571 - 2600 

Foreman 651 - 660 
Apprentice 661 - 670 Gas Board 2601 - 2650 
Labourer 671 - 700 Foreman 2651 - 2660 

Apprentice '2661 - 2670 
Painter 701 - 750 Labourer 2671 - 2700 

Foreman 751 - 760 
Apprentice 761 - 770 Water Board 2701 - 2750 
Labourer 771 - 800 Foreman 2751 - 2760 

Apprentice 2761 - 2770 
Scaffolder Sol - 850 Labourer 2771 - 2800 

Foreman 351 - 860 
Apprentice 861 - 870 P. O. Engineer 2801 - 2900 

Labourer 871 - 900 TV Relay 2901 - 4950 

Roofer 901 - 950 Public Lighting Eng 

Foreman 951 - 960 3001 - 3050 

Apprentice 961 - 970 Ceiling Fitter 3051. - 3100 
Labourer 971 - 1000 

General Labourer lOOl - 1050 
Ganger 1o5l - 1060 
Plant Driver 1061 - 1100 

274 Figure 6 



22.23 
-24- T 

25] 
29 

21 2B 27 26 

20 
30 

32 LI 
i 31 

* 

11 1 

\ 
\ 

ir 10 
\ 

r-ri 

GROUND FLOOR PLAN 

\ 

\ 

\\ ilp 

1 52 1 53 1 54 

I- I 
=lv- 

9-1 r%nm r%f a .2 

HKýl MUK rLAN 

FIRST FLOOR M to S) 
"oo, rQAK: Fl AR QPCC)P0r. D ! AATW II PR R=GQR 

GROUND FLOOR 11 to 49) 

SECTION THROUGH THE BUILDING 

OBSERVERS LOCATIONS 

Figure 7 
275 

61 UTERNAL WORKS 
70 NO LOCATION 



E-i 

z 
0 
i--l 
E-4 

0 

m 
z 

5: 4 

M-4 

z 

rý 
ro .0 r-l V-4 a) 1: 1 ý4 4-) U) 0 
. f-I 0) 7j ý4 

(D 0 0 
4-) 44 
ý4 I:: 

LO 0 r-I D4 ý4 a) 
H ý4 

ra 
4-) Z 4-) 4-4 0) 
0 r-i -H Lo r-A C: 

m fri (U m rg a) rij r4 Z 04 4-) ý4 0 4-) z -P 
0 r=; -rq ro 4-3 
-rq 0 U) 4-3 
4-) 0 0 4-) 

ý4 U ý4 
0 r-4 m 

0 0 (1) m Q4 > 

H 5 ý4 U) En 124 ý4 
E-4 Q) 0 t7) r-4 z :ý (1) 4.3 

ro () r. -4 0 U) U) z 9 
rd -, 4 rl H 

W rO ý4 $ý 4-) rd rO 
124 "rq 

0 (1) :3 
0 4.4 > U .H 

4-) 4-) M 4-) 4-) Q) ý4 4-) M0 
ý-d 
.4.. 

Q) ,. 4 U) tn LQ (n 4-) 0 (d ý4 r4 

0 ý4 U) a) 0-1 1:: Q) Q, (1) 44 
-f-4 U) () z (1) -, 4-J rA ý4 ý4 
4-) r-I -- r(I fo -H rd Q) 0 En 
ro Q) Z 44 U - rij ro r-4 Q) 4-J ý: Z ý4 ro 
ý4 > En U) t'd ý4 t7l 4-) (1) Z U) r-4 0 ý4 (D r: 4 -r-I 0 0 
5 a) ý-q (1 .4Z 4-4 Z 0 rl -H U ý4 ý4 4-4 ý4 

04 
r-4 00 tm U) ý4 '-4 0 044 -0 0 $4 0 

(1) r-l rq 
z :ý Q4 

(n r-l 1-Y, 
tF) S4 Z 44 Q) 0 ro 

ý4 04 4J 4-) 'H >I M t'O tp r--4 4J () Sý ý4 0 JP ý4 0 Z 
124 1ý $mm r-4 (d Zm -rA mm -r-I 0U (1) (1) 104 4A (d 

> rc$ -r-i ý: En En -rA ý--: 44 0 > 
ýq rcl ý: 

-ý4 
5 

Q) (0 5ý M rcj C: rcl 4J -r-I -Y, 
V, m z5 ý4 rq . 

H 04 

+; 0 :: 1 4-) CO 4-) ýl 4-) (0 () $: ý () ro 0 0 -1 ý4 :1 ý4 ý4 r=; 0) 
x0 al 0 (TJ (d a) ý4 M M X r. 0 0 0 

6 

r-4 00 4-) (1) m rol 
En ro ro rcl rcý M PL4 124 M 134 

E--4 
U z ý-q 
1--l 0 F: ý z 

P4 z z H 
P-'4 P 04 Z P 
w U C4 w ý., 

ý-l E-4 0 
41 x F-I 

C4 W E-1 ý4 0 

E-4 
z 

Ký 
z 

z 

0 0 

ýI C14 rn 'IT Ln 110 r- co 0) 

Fig ure 8 
276 



U) 

Zý 01 H 
&A 

P4 
0ý 

ý4 

ýq ro 
4-4 IS4 ý4 
4-) 

4-3 
a) 
ý4 in ý4 
u0 

Uz 
ý4 0 
0 IL) 4-4 (V 

44 
Z ý4 

-rA :ý (0 ý4 
a) 0 r-4 -P z 124 Uri U) 

C; ý rx: 6 

2: Z 

61 

(n 

tp 
z 

4-1 

ro 
a) r. 

0 
4-4 5: ý 
Z ., -I 

. rq Q4 

0 
ý4 
ID4 

M 4-4 U 
0 

ý4 00 
U r(I ro 
ou zz 

r--, PL4 "H 
PQ 0 31. 

ý Pý 6 C; 

14 
0 
0 

r-A 
44 

z ro 
z 1: ý 
pq ýj 
E-1 0 

ý4 

0 

ce 

ý4 
ý4 

40 
: 3: 0 

f--4 

z rcl 

E-4 0 
z ý4 
H t7) 

r-4 
r-i 

tr% 

4-J 

U) 
.H 
ro 

cö 

-4 

-1-i 0 

0 
rL4 
rX4 

4-) 
. rý 
4-4 
44 
0 

cn 
CO 5.4 

-P 

Q) 

0 
44 

ý4 
(D 0 

ro 4-) 
r. (1) 4 Eý 
fli ý4 En ý4 

ID -H 0 
ý4 Z, 9,4 4-4 
ý4 0 -ri 
0U 44 0) 

ý4 
ý4 ýJ M ý4 
00 r-4 4.3 

Pr4 P4 U) U) 

Ef) 
04 

m 

ý4 
4-) 

M 4J 

0 
m 

ý4 (d 4-) 
Q) r. 
41 U) Q) 

4-) E 
(n Q) 
'ri > 

rcl 0 0 
1: ý -m F. 
(13 -ý4 ý4 4-4 ro 

r-i 
0 0 9.4 

0 (z 

ý4 
ý4 Q) m U) 
a) (D - ý4 Z 
4-) 4-) M Q) 
X U) ý4 En 4-) -rj 
Q) Q) ý4 4-) 

:ý LH 
Ol ý4 (d 

F:: 4.4 rj) (v 
Ea ý: l Cý -r-I 

r-I 4-) ý4 
0 4-) -mi -H -ri ro 
4-) U) r:; 0 ý4 

ý4 -r-I rO ý4 U) ý4 
4-) 0 Z0 fo -rA 0 
U) ý-D M rJ4 r%4 r%4 (n 

a) 

4-3 
En 
04 

$4 
0 (1) 

ZY) "-A 4J M U) 
Z, 41 41 41 41 -r-i 

r--i 4-) 0 ý 41 rl Q) t3l W -H 4-1 (1) > 44 
Lý4 0 

ý4 4j 7ý t7l 
"'I Q) ý4 C: z 

r-i >1 Q) tn m -H 0 rq M >I 1:: 4-) 
0 0 U) () 

rcl Z 
0 r--4 U) 04 Q) -r-4 44 
0 0 (10 ý4 0 (3) 
ý3: Pý aq C4 T-1 04 

.. SIIISSI"SSSIS"S 

xccj u 'c'4o 

14 

U) 

04 
0 
0 

ý-q 
r14 

P4 
P-( 

CN (Y) 
r--4 r-4 

z 
1-4 
44 

Z ý4 
F:: 4 0 

0 

04.4 
E-4 W 

0 ro 
rT4 rT4 

0 00 

0 0 ý4 
z z ZY) 

LÖ 

277 



tn 

ý4 
44 

0 Z31 4-) 
-f-I Q) a) 5.4 (n 
4J 04 04 >1 

z -H rd (a U) 
0 4-3 4J 4-) -rj 

ý4 r--i tn 
M ro ro z 
04 Z . H U) 

tP r-ý >1 -r-4 Q) 
PL4 ý4 ý4 ro ý4 ca Q) x -r-I 0 ro a) ý4 (1) 0 ý4 

r--l ft r--i ýQ 
ý4 

4-) r-i 0 r--l 4J r(: j m 
Z r-I Q rq (D tm ýQ :ý 44 ý4 44 TI rO 1: ', 0 Q) 0 ý., -rq >1 

4-) 4-J 4-) 0 Q) 4-3 4J 
z En ý:: ý: 04 ý -r-i 

ý4 -r-4 m -r-4 ro U) ZI) > 
00 --1 0 (D :: I -A ro 

CL4 t-D r-L4 ý-D % U) ý4 U 

ý Pý ý Pý 6ý ýý ýZ; 

I. 
ul 

04 

m 

ý4 
4-) U) 
U) 04 

En (0 -P ý4 

-P LO > 

tr Q) 
z H 

. rq 4-) 
04 tr 

124 Z %. 
0 

-rq En 4J ý4 E ti) 
Q4 CO ý4 

ý4 4-) a) 
t3) 44 H 
z 0 ý4 

. r-4 m ý4 
rcl -H rcl 

rI U) rO 
0m r. ý4 
Z 4-4 U) ýJ 

4-) 0 
U) U) 04 
H 04 ra 

ý4 0 > 
En 0 

r-4 I ro Q4 04 

z 44 z En z fli 0 0 ý4 4J 4-3 
0 H Q) 

04 rO ý4 t. 71 4-) 4-) U) 4J rcl rcl 
U) ZM 4-3 -P -H r-i r. 1: 14 ro m ý4 -H r--i r-I 4-) :J Z r-4 fd rd 

Q) ro ul (3) -14 ý$ (3) r--l tn -r-I 
4-) U) Cn ý4 En -W 0 En 4-4 Q) LH ro ý4 rcl ý4 
(13 ý4 ::: Q) ý4 4-J Q) C., 44 0 ý4 (1) ý4 a) 
() a) -rq ty) a) :ý rIj 'H ý4 4-3 tY) S:: M r-4 M r-ý 
. 1-4 rcl Eý -ý4 ý -. 1 t 3) Q) ý4 r. 0 0 r-i 0 r--i 
ý4 r-. M ý4 M 

E 
In r--4 ý:: >1 Q) L-n -H r-l Q -r-I Q r-q 

,QH ý4 0 Ea -r-I Z3) CFI 00 M >I Z 4-1 4-J ý4 LH ý4 4-4 
(z 4 (+-4 ý: 0 

r-A rd -H C-) (z Q) (D 

4-4 -14 
0 4J 4J r. 4 -r-I ý: r-i r-I Ul Q) r-4 4. ) 4-) -P 4j 

1 rcl rcl r-) 41 En JEý ý4 ro r--i Q) U) r-i :ý U) ý:: cil rl 
(1) (10 :5 0 r. -r-I TI ý4 ý4 00 U) Q4 a) OPA En ri -H rd -H ý4 Q) 4-J r--l -rq 0 Z 0 -r-4 0 P4 ft m ý4 Q) Z -1 0 r-4 0 

P4 
ýrý (n m ý-q ý-D ro rX4 rZ4 PQ U M Z H P4 ýý P4 ýý 

Cl) 
H 
z U) 

ý4 ý4 
co 0 z 0 
00 H 0 
Z --q 54 r--l 
H 4-4 44 
Z (D 
H rcý z rcl 
ý4 z H 1: ý 

:: j :j 
>1 0 0 
% ý4 ý4 
Cý tm u ý7) 

61 %10 r- 

ý-q U) 

ý4 P E-4 ý-4 ý4 ul ý4 z ý4 
ý3: 0 0 u0 0 00 H0 

0 0 :D0 ý4 0 7-4 0 rX4 0 

r-A 1-4 r-ý Z r-4 U r-q H r-q r--l 
44 9 4-4 44 W LI-4 Z LH LH 

z z Cý H 
04 4j 04 4J 4j 4-3 ý4 4-) 41 
W rn W U) F14 to rT4 ul U) 1-4 U) 

E-1 ý4 E-4 ý4 0 ý4 0 ý4 ýH ý4 H ý4 
X "A Z -r-4 0 --ý 0,1 Z r. 4 F4 -H 
ýq 4-4 H 4-4 Z 44 P4 4-4 M 44 U 44 

00 olý 0 r--4 rq cyl 
r-i r-ý C, 4 CN clq clq 

278 



ý4 
0 

ro 
. r-i 
ý4 
ý4 
0 
u 

z 
0 
H 
E-4 

0 

rO 
0 

rl 

0 U) ro 

ý4 
0 ý4 
00 ý4 >4 

rcj 0 ý4 
0 a) 

r-ý 

0 
ý4 ý4 4-) 
a) a) m 
4j 4-3 ý4 0 

oa 

C') 

0 
0 

M U2 
ýr- z 
0w 
mw 
zz 

: 3: C/2 

ý4 
0 ý4 
00 >1 

ro En ý4 
0 

r. -4 r-ý t7l 

0 
ý4 ý4 
(D a) 

-P 4-3 0 

ý Pý 6 

02% 

zu 

E 
-H 
ý4 

0 

ý4 4-) 
tyl ýJ 

ro 

04 

ý4 H 
Q) ý4 

r(j 4-) 
U) 

ý4 ý4 
Q) 

4-J > 
0 

ro 
M 
(U 

rd 
:: $ 04 

0 
4-J 

r4 ý4 U) 

-. 0 

ý4 rci 
0m 
ý: 0 Q) m 
ý4 4-) Q 04 
Q) x 

4-) 4-) Q) Q) 
ý4 r-I 
-r-I ty) ro 

,4 -114 
"-4 z 

(24 U) 4 (TJ 

ý fý 

U) 

En 75 
ro Z 
co m 

$4 
(1) 

4-) r-ý 
W r-q 

04 
0 04 

M 4-) X 
z U) w 

000 
f: 4 mu 

r_ý 'H 

4-) 

rc5 

0 tö rri 

-H (U tö 

4-) 5z r--i 
cö "r-i U) ci- 

r--4 ro 
ýi rzi ý4 
ul tö 00 

00 
r-ý r--4 
4-4 4-4 

4-) 
u in ul 

(n (n ý4 ý4 
tö m _H _H ýT4 ýr4 ýT4 W 

ý Pý 6 Cý 

ul M 0 
w 

z z 
H F-I 
rZ4 rZ4 

E-4 E-A E-4 
z 

'IT Ln I'D r- co 
CN N CN NN 

2 79 

r--1 
. rA 
to 
ý4 

rö 
r. 
fi 

4-3 
.H 
4-4 
4-4 
0 

cn 

U) 

cl) 

4J 

64 

0 

0 

4-) 
C., 

Ef) 
ro ty) 

Q) En ro 
$4 Q) 

rcl X 
Z ri 

ý4 
0 

ý4 0 Fý: 
0Wm 
0 a) 

ro ro ý4 t)l 
r. 1) z 
ro En -r-i 

ro 
U) - -H 

0 ý: U) r-4 
rcj 0 ý4 En 

ro 0 
o 

-H rO 

r-4 

ý4 4-4 -r-i ý4 
(1) 0 4-J (3) 0 
4-) 0 $:! 4-) U 
x ý4 -14 rý 
(1) 0 -H 5.1 

ý4 04 0 
0 t7) --I 

rO rl) z 4-) 
'H *H 'H 104 

ý4 4-) 
ý4 U) 

r-I 0m r-4 Q) 
0 () z0 1% 

0 

Q4 

Q4 

ro 
9.1 
rd 

rA 

ý4 

U) 

r-ý (D 4-4 

rcl a) $4 
r. ý4 W 

> 
z0 

r-4 M ý4 
(1) () 
>W 
(1) > 
ý4 ro m 

ý4 

0 
rO ý4 
z0 

0 ý4 
m4 

Lo 
(1) 

ý4 

0 

ro 
4J 

-r4 
41 

>1 Q4 

-P Z ý4 
-r-l 
> 

cid dd 

z 
0 

to z 

z 0 
H 0 

E-4 1-4 0 ý4 ul 0 ý'D rT4 

c. 0 r1 'N 
�N çv) Cl Cl 



w U) 
(1) (1) 
uu 
tz M 

4-4 4-4 
ý4 ý4 
:ý:: I 
Lf) U) 

z 
0 
H 
E-4 

04 
0 

ý4 
ý4 
0 

ý14 

r-q r-I 

ý4 ý4 
(D a) 
4-) 4-) 
r. >4 

. rq (3) 

ri) 

U) 

-s-i U) 

4J 

r-. cö 
01 

. ri 
ch ul 

U) 
4j 0 

ý 1ý Cý C; 

U) 
4-3 

4-) 
ý4 -r-i 
M 4-4 
0 

4-J 

rcl (D 

M 
%b 

Z-Tl 4-) 
m0 
ý4 0 
0 

u 
ý4 (1) 
0 04 
ý4 

ro ý4 
01 -H 
Z 

. ri u 4-) 

to 'r-I 
> 

r-ý 4-4 C14 

44 
4-) 

z Q) 
ý4 
M rcl 

41 Q4 5ý 
ý4 -H 
M0 cn 0 
Q4 -ri E 4-) 
0 Q4 > 

r-I 
(1) 00 

0 4-1 
z LO 

1ý Pý 6 

ro 
r. 
fo 

LO 
(1) 4-1 
r-4 

. f-i ý4 
104 0 

0 
ro 

Q) ý24 71 

, -4 -r-4 ý: l 

4-) 04 ý4 r-q 
0 0 u 
0 4-) Z 

Z 
a) P4 

Lo > -, -4 En 
ý4 04 4J 
a) ra cl. 

4-3 Z >1 T 
-P tic r--l r-, 

04 4J 
(1) 04 *rA 

-P r,: $ 4-4 
ý4 m Lf) 

tT) Q) (d >1 
4-3 ý4 
m m 
ý: 4-J 

Lo z 06 -H 
fo -r-q r" 

r-i m 0 m 
ýL4 04 m U) 

U) 

75 
Z: 
tö 
ul 
(U 

-H U) 
ýr -4 U) 0 ý4 

0 

4-) 11 

0 

t7l 4-) U) 
s:: a) ý4 

-ri -ý4 Q) 
ý4 0 4-3 

0 (1) 

r. 
0 r. 
.H0 4-) -H 
0 4-) 
(D (d 

0m 
4-3 

En 
ý4 

0 a) 
.H -H 
4-3 4-4 
co 

0 

4-) 
ul 

ro 

(1) 
4-3 

00 

04 

Q4 

ý, 4 

.4 (d 
ý4 r-4 
ý: j 71 Q4 0 

4-) ý-" -r-I 
(1) m Eý -; -) 1-4 0u 

m0 a) rc$ ý4 ý4 
0 

4-) ý4 0 
rd Q) u 

0 ro ro 
r-q (d 0z 
rZ4 Z=m 

1ý Cý 6 ýý Cý 1ý 0ý 6 1ý Cý 6 

0 

4-3 

0 

-10 
4-) 9.4, 
5: ý Ind 
0 

0 
. r-i 
4-) 

(0 r-ý 

'Cl 4-) 

0 
C) 
ý4 4J 

1.4 

H 
LO CL, 
4-) 
. r-4 r4 
Z0 
:ý0 

L.. A ý4 
ý4 -P ý4 

-P ý4 H 
4-3 -rq 
x0 
w PQ 

ým6 

1ý4 ý4 
0 

04 

. f-i 
04 

rd r4 

0 

04 
04 rq 

0-4 

ý4 
4-) *H 

-f-i (, ý 4-) 
4-4 C, ' 

rl 04 

till 9.4 
zW 

-rq ro ý4 
ý4 -H 

0 
4-) 

ý4 

4-) 
4-J 4- 

>, ro ro 
mW U) 

U) 0 
-ri 

4J ý4 

ý4 U) ý4 
:: $ U) :: I Q) 
u Q) () M 
Q) ý4 M0 

U) P-4 >z 

u 

E-4 > 
E-4 

r-O : 3: u E-4 
&1 04 w Pý ý-q 0 

ý4 z 
Z z Z. u E-4 E-4 u 
w ýý x tz) w 9 ý4 W 

ý4 
4 w w 1: 14 

PL4 P4 w ý31 > ul 

0 
-V 
rn 

Lo 
(Y) 

tlo r- co m 
CY) (Y) 

2180 



Zý Oý 

04 
0 

Q) 0 
x ý: 
0 Q) 

4 Q4 

4-) C14 
'Cl 

0 4-4 
Q) 

Ul 4-) rcl 
Ic: z co 
ul -H r--i (a 

ý4 ý4 
44 U) 0 

ý4 rcj 0 ý4 
0 Z Q) 

4-) 
ro L(I (n ý4 0 2ý4 C: 4-3 M 

0 a) ý4 (0 -1 -4 ý: rri 0 04 04 

14 ý: t3l. 
0 UP-4 >1 
0 0 ý4 

r-q 0 0 41 rO 
ýq ý4 r-i (13 z0 

ýQ Q) (1) 0 
z r. En ty) tn 

U) TA -r-I -f-i -H z 1:. 4 
0) (1) M 4-) > 

r-A r--i M (n ý4 
0 0 J". 4 (d Q) (13 
= z u z U) z 

c1 

C)) 

0a0*a000 44 MUM WrT4 9< 

0 

H 

r1l) 0 0 
E-4 

do r--4 CN 
le ýI, 

281 



ACTIVITY LIST 

"Productive" Activities 

Fl Making the building grow 

Ul Unloading 

Hl Handling around the site 

H2 Handling from stack to workplace 

SU Supervision 

Tl Setting out and measuring 

T2 Testing HW pipes, drains etc. 

Pi Preparation of materials 

CL Cleaning tools or clearing up 

RT Work repeated 

N Not working while at workplace 

"Non-Productive" Activities 

I Not working while around site 

Walking 

BK Meal breaks 

RO Work stopped due to the weather 

nd A Operative not seen during the rou 

Figure 9 
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Site Diary 
Weather 2 Tem p3 Week no 4 Ccy 5 Date L- 1 -1 1 F" I, 17 18 e! er-, *nt 

quid< dwck 

ý72 
3 3 
4 
5 
6 
7 
1 18 
9 
1,0 

12 
13 
14 
15 
16 
17 
is 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

30 
31 
32 
33 
34 
35 
36 
37 

39 
0 

41 

T7 Coding changes 
tick box if notes continue over page 

[] 

283 Figure 10 

16 Weekend/evening working 



GUIDANCE NOTES FOR COMPLETING OBSERVERS DIARY -1 

GENERAL RECORD 

1 WEATHER: to correspond to the following headings 
FINE: not adversely affecting work on site 
COLD: down to freezing - minor hold up 
VERY COLD: freezing - major hold up 
WET: rain - minor hold up 
VERY WET: rain - major hold up 
WINDY: minor hold up 
VERY WINDY: major hold up 
FOG: minor hold up 
VERY FOGGY: major hold up 

2 TENPERATURE: 

3 WEEK NO: Corresponding to contractors week number. 

4. DAY: Day of the week. 

5 DATE: Day number, month number and year number. 

RECORD OF MEN AND MATERIALS ON SITE 

6 WORKFORCE OBSERVED ON SITE TODAY: 
Full description of the workforce by trade and status, plus any 
visitors to the site. 

7 PLANT OPERATING ON SITE TODAY: 
Full list of major items of plant being used with description and 
number of each type. 

8 MATERIALS DELIVERED TO SITE TODAY: 
Full list of materials delivered giving type of material, quantity, 
method oil delivery and unloading and location of storage. 

9 NEW OPERATIVES ON SITE TODAY/OPERATIVES LEAVING SITE TODAY: 
Full 'List of new operatives on site, stating number, trade and status 
and whether main contractor or sub-contractors men. 

10 NEW PLANT ON SITE TODAY/PLANT OFF SITE TODAY: 
Full description of new plant on site with description as in 7 above, 
plus note of plant taken off site. 

RECORD OF WORK DONE DURING THE DAY 

WORK OBSERVED DURT_NG THE DAY: 
A full description of the days work related to the list of elements 
e. g. blockwork - internal partitions. List all elements worked on 
during the day and complete 'quick check' box. 

12/ 
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12 NEW WORK STARTED: 
A full description of all new work started, ie elements not 
previously recorded. (A in 'quick check' box) 

13 EXISTING WORK COMPLETED: 
Description of element or operation completed during the day. 
(E in 'quick check' box) 

14 WORK METHODS: 
Description of the way the workforce is divided up into gangs, 
the number of gangs plus number and status of men in each gang-. -'for 
the principle element worked on during the day including plant used. 

15 GENERAL INFORMATION, PROGRESS, ETC.: 
An account of the day's activities other than recorded above - e. g. 
men laid off for the day due to inclement weather, or working in 
other areas out of the normal sequence of operations, visits by 
supervisors, problems encountered with unusual methods of workina, 
reports of vandalism etc. 

OTHER ASPECTS 

16 EVENING/WEEKEND WORKING: 
A note that weekend or evening work has taken place plus brief 
description of work done and trades involved. 

17 CODING CHANGES: 
A note of coding amendments or additions (new operations and men) 

18 ELEMENT 'QUICK CHECK' BOX: 
Complete in accordance with separate guidance notes. 
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GUIDANCE NOTES FOR COMPLETING OBSERVERS DIARY -2 

ELEMENT 'QUICK CHECK' BOX 

The right hand column contains a sequential list of elements against 
which should be marked the appropriate code shown below to indicate 
what work has been done during the day. If no work has taken place on 
an element which has yet to be started the box should be left blank, or 
if the element is complete in accordance with the guidance notes below 
a diagonal line should be drawn through the box. 

HEADING DESCRIPTION 

A NEW ELEMENT started today. No work previously done on 
this item. (give desc-ription under heading 12 - new 
work started on diary sheet) 

B CONTINUATION of work to an element. No break from the 
previous days work and no significant break during the 
day. (enter description under heading 11 on diary sheet) 

C WORK INTERRUPTED. No work on an element which was being 
worked on during the preceding days and which has not yet 
been completed sufficiently to allow the next element to 
proceed. (enter description under heading 15) 

D WORK RESTARTED on an element which was temporarily halted 
under 'C'. (enter full description under heading 15) 

E ELEMENT COMPLETE. All work necessary to complete the 
element and allow the next consecutive element to start 
- note that not all operations may : have been completed, 
ie roof silver film finish yet to be applied but other- 
wise the element is complete enough to allow the work to 
continue elsewhere unhindered. *(enter description under 
heading 13) 

F REPEAT WORK on an element. Record repeat work done 
before or after completion of the element, ie wall taken 
down and rebuilt, window reglazed, or making good damage. 
(give explanation under heading 15) 

G SNAGGING WORK on an element. Where after completion 
any work is not repeat work record this as snagging. 
(give description under heading 15) 

H OTHER: Make a brief note under heading 15 and add more 
detailed comments on reverse side of diary sheet. 

thereafter, diagonal line drawn through the box. 

v 
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