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Preface

In 1995, Peter Brandon, Professor of Construction at the University of
Salford, called me and asked if T was interested in considering construction
as a manufacturing process. Quite frankly, I had never heard of it, but the
idea was enticing. Having spent many years in research-related design and
developments in manufacturing, I was curious to know if knowledge was
transferable. This was the beginning of a fascinating journey into the world
of construction. Working with colleagues in academia and industry, it soon
became obvious that ‘process’ thinking as we understood it in manu-
facturing was not common in design and construction. This book is the
result of research (funded by the Engineering and Physical Sciences
Research Council) investigating and developing new design and develop-
ment processes for the ‘construction product’. The project was led initially
by Alfred McAlpine Special Projects and especially by the then Board
Director, Dr Richard Baldwin. This was a crucial aspect of the success of the
work, since Dr Baldwin had extensive experience in manufacturing and
construction, he too could understand the value of improving the design
and construction process. Along with Alfred McAlpine, we were also able to
engage other partners from across the sector to work with us to understand
current issues and to develop a future process. Those partners included
further champions, such as Mathew Bacon who was also one of the front
guard introducing ‘process’ management for construction with BAA, and
Keith Hamblett doing the same for BT.

As the work developed, many more contributors came from industry —
too many to mention, but undoubtedly, without their support, enthusiasm
and importantly, their intellectual and practical contributions, the work
would not have produced as an appropriate, and therefore targeted, outcome
as it did.

Halfway through the development, Professor Tony Thorpe and a team
from Loughborough University joined our endeavours and to develop more
detail to the original process protocol.

In the eight years since we began our work, ‘Process’ has been identified
by the construction industry as an important issue to address. It is recog-
nised that in order to deliver a ‘construction product’ on time, on cost and of
the highest quality, it is critical to manage the process (and the problems)
effectively.

This book provides the context for ‘process’ thinking. It describes the
Process Protocol and the experience of implementing it in practice.

Rachel Cooper

vii
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Introduction — Why Process?

The UK construction industry has been under increasing pressure to
improve its practices (Hill, 1992; Howell, 1999). It has been continuously
criticised for its less than optimal performance by several government and
institutional reports such as Phillips (1950), Emmerson (1962), Banwell
(1964), Gyles (1992), Latham (1994) and, more recently, Egan (1998). Most of
these reports conclude that the fragmented nature of the industry, the lack
of co-ordination and communication between parties, the informal and
unstructured learning process, adversarial contractual relationships and the
lack of customer focus are what inhibit the industry’s performance. In
addition, construction projects are often seen as unpredictable in terms of
delivery time, cost, profitability and quality, and investment into research
and development is usually seen as expensive when compared to other
industries (Egan, 1998; Fairclough, 2002).

According to Howell (1999), the ‘inefficiency’ of the industry has tended
to be the way of life. This may be due to the fact that none of the reports,
apart from Latham (1994) and Egan (1998), have been sufficiently acted
upon. As Latham (1994) points out, ‘...some of the recommendations of
those reports were implemented... but other problems persisted, and to
this day, even the structure of the industry and nature of many of its clients
has not changed dramatically’. Therefore, Latham (1994) suggests using
manufacturing as a reference point and Egan (1998), in his Rethinking
Construction report, recommends process modelling as a method of
improvement.

The transfer of practices and theories from other sectors, as suggested by
Latham (1994), has been a constant subject of discussion since the pub-
lication of his report. Some construction practitioners are adamant that
their industry is unique and that the transference of principles cannot be
adopted wholeheartedly. Ball (1988) highlights some of the arguments most
commonly used to distinguish construction from other industries:

The one-of-a-kind product.

The spatial fixity of buildings.

On-site production.

The effect of land price on design and construction possibilities.
The requirement for long life expectancy.

The inexperience of clients.

The merchant/producer role of companies.

The overwhelmingly domestic industry.

The masculine stereotype of the workforce.
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The long cycle from design to production.
The high cost of the projects.

The amplified reaction to economic crises.
The labour-intensive production.

The fragmented nature of the industry.

In contrast, there are also many practitioners and academics who believe
that the construction industry has much to learn from manufacturing.
Howell (1999) goes so far as to suggest that this learning could be a two-way
process: manufacturing could learn from construction in areas such as
project-based management: and construction could learn, from manu-
facturing’s developed and developing solutions, to improve its competi-
tiveness.

According to Koskela (1992), Love & Gunasekaran (1996) and Kornelius
& Wamelink (1998), manufacturing has been a constant reference point and
a source of innovation in construction for many decades. Solutions that
have been recommended to help overcome the problems of construction
include industrialisation (i.e. prefabrication and modularisation), computer-
integrated construction, robotics and automated construction (Koskela,
1992; Love & Gunasekaran, 1996; Kagioglou et al., 1998a). However, their
implementation in manufacturing is far advanced in comparison to the
construction industry. Koskela (1992) believes that the underlying theories
and principles of manufacturing should be harnessed to deliver the full
benefits to construction rather than the ‘technological solutions’.

The realisation that the construction industry might not be as unique as
was traditionally thought has initiated new research in recent years. In
particular, this has led to the development of the ‘Construction as a
Manufacturing Process’ research fund under the Innovative Manufacturing
Initiative (IMI) sector of the Engineering and Physical Sciences Research
Council (EPSRC, 1998) to continue and expound upon current thinking.
(This book is based on research funded under that initiative.)

It now appears that a new phenomenon is being steadily exploited within
construction companies alongside the new technologies taken from
manufacturing. It is based upon the development and use of fundamental
core processes to improve the efficiency of the industry, with great
emphasis upon the basic theories and principles underlying the design and
construction process. Egan (1998) highlighted this factor by reporting that
due to the fragmented nature of the construction industry very little work
had gone into process modelling. Manufacturers are accustomed to taking a
process view of their operations; they usually model both discrete product
activities and holistic high-level processes for both internal and external
activities. In particular, there has been a growing volume of research
focusing upon the consolidation of the just-in-time (JIT) and the total



Introduction — Why Process? 3

quality management (TQM) philosophies, with an array of other practices
such as total productive maintenance, visual management and re-
engineering (dos Santos et al., 1999). Investigations by construction prac-
titioners and academics alike have now sought to develop the content and
structure of the core ideas underlying these theories, namely world-class
manufacturing, agile production and lean production (Schonberger, 1996;
Gilgeous & Gilgeous, 1999). This has led to a range of corresponding
practices, for instance, world-class construction, agile construction and
lean construction, as it is believed that process improvement in the con-
struction industry may well be a significant strategy for getting the right
product to the right market at the right time, cost and quality (Pheng & Tan,
1998).

As the construction product has in most instances been a ‘one-off’, much
emphasis has been placed on project management. Yet in effect the industry
is concerned with the design and development of a building product and
should look to manufacturing for reference on how to manage the design
and development process. This book will examine the manufacturing per-
spective and will illustrate how it can be applied to design and construction
through the use of a case study in the development of a Generic Design and
Construction Process Protocol. It will also consider the use of the tech-
niques and technologies available to support the process and the issues
relating to their implementation on projects.



The Product Development Process

‘Product development is fundamental to stimulating and sup-
porting economic growth for organisations and for wealth gen-
eration in many industrialised nations. .. product development is a
strategic process, and product development and design activities
are powerful corporate tools.’

Bruce & Biemans, 1995.

In order to overcome the barriers within construction as identified in the
Introduction, it was suggested that construction should be viewed as a
product development process. It is therefore important to understand cur-
rent thinking on new product development (NPD). This chapter uses the
product development process in manufacturing as a reference point for
defining and understanding the design and construction process (see Fig.
1.1). The importance of new product development is discussed together
with the activities and models used to illustrate it. Having considered
briefly the history of construction, its project-based orientation and the
existing models of the design and construction project process, the chapter
will conclude with an explanation as to why a holistic product development
view of construction is necessary.

Product development in manufacturing

If the world were stable there would be no need to change business oper-
ations and methods or to understand what has changed and what works
well. However, firms operate in dynamic environments, not stable ones,
and both external competition and internal environments evolve over time.

4
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Section Themes

Product development in Seeking best practice in other sectors
other industry sectors to improve construction

The need for NPD The drive for NPD in manufacturing

NPD activities Pre-development, development and
post-development activities

NPD models Sequential process, stage-gate

processes, the development funnel

Applying product develop-
ment to construction

The need for construction product
development improvement

Construction process

models Existing models: RIBA Plan of Work,

BPF model

Process development o \
in construction Holistic front-end involvement, cross-

functional teams

Fig. 1.1 Chapter map.

In response, processes must also continuously adapt to enable those firms to
remain effective and profitable through the changing conditions (Moran &
Brightman, 1998). Therefore organisations wishing to undertake improve-
ments in productivity, quality and operations need to reconsider their
working practices (Elzinga et al., 1995). Katzenbach (1996) reports that
organisational change is becoming everyone’s problem and that customers
require it, shareholder performance demands it and continued growth
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depends upon it. Customer/client awareness and expectations have
increased in terms of quality and value for money. The manufacturing
industry has been developing new approaches to NPD since the 1970s by
modelling and improving its processes. Egan (1998) supports this drive and
suggests that the construction industry could also improve its performance
by modelling its processes.

The need for new product development (NPD)

In a dynamic economy, developing and introducing new products is
essential for a company’s survival (Schmidt, 1995) and the successful
management of new products has become both a necessity and a way of life
(Sarin & Kapur, 1990). A number of studies have indicated that companies
rely on new products to generate profits (Baker, 1983) and will continue to
do so, to a greater extent, in the future (Thomas, 1993). Ames & Hlavacek
(1984) indicate an increase in profits contribution from new products: from
nearly 23% in the period 1978-81, it increased to 32% in the period 1981-
86. Booz, Allen & Hamilton (consultancy practice) surveyed 700 companies
in 1982 and reported that 31% of the companies’ profits would come from
new products over the next five years. Moreover, in the USA in the year
2000, 50% of company profits came from new products that were five years
old or less (O’Connor, 1986).

New product development (NPD) is a necessary risk that companies must
undertake. Technological developments, shorter product life cycles, the
complexity of products, increasingly changeable market demands, custo-
mers who demand ‘the best’, and stronger and more global competition
mean that companies face a limited space in which to succeed (Ross, 1994,
Trygg, 1993; Oh & Park, 1993; Inwood & Hammond, 1993; Gupta &
Wilemon, 1990).

NPD is a critical means by which the whole organisation — the business as
well as the employers — can adapt, diversify and, in some cases, reinvent the
firm to match evolving market and technical conditions (Schoonhoven et
al., 1990). Brown & Eisenhardt (1995) suggest that, although technical and
market changes can never be fully controlled, proactive product develop-
ment can influence the competitive success and renewal of organisations.

Since the 1970s, and particularly since the mid-1980s, the literature on
new product development has grown very large. Many studies have been
undertaken to determine critical success factors in NPD (Cooper, 1992;
Clark & Fujimoto, 1991; Zirger & Maidique, 1990; Cooper & Kleinschmidyt,
1987Db; Rothwell et al., 1974; Rothwell, 1972). Rothwell (1972) identified a
number of success factors related to the individual activities involved in the
NPD process, and concluded that the way in which those activities are
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performed needs to change in order to increase competitiveness, success
and survival rate. The sequence and relevance of those activities, among
themselves and in relation to the rest of the organisation’s activities, form
the NPD model. Cooper (1994) defines the model, or new product process,
as’...aformal blueprint, roadmap, template or thought process for driving a
new product project from the idea stage through to market launch and
beyond’.

NPD activities

It is widely accepted that in order to move a new product idea through to
production and on to final launch in the marketplace a number of activities
must be performed (Utterback, 1971). Initiated by the identification of a
need or the adoption of an idea, a number of preliminary evaluations are
carried out. Further detailed technical development follows and finally,
after a series of company and market tests, the finished product is launched
onto the market (Crawford, 1994). The way in which these activities are
performed has been, and still is, a subject of research and has resulted in a
number of new product development process models.

The number of stages involved in an NPD process ranges from six (Booz,
Allen & Hamilton, 1982) to as many as 13 (Cooper & Kleinschmidt, 1986)
and many firms frequently omit, either intentionally or accidentally, some
of these activities when developing new products (Dwyer & Mellor, 1991;
Sanchez & Elola, 1991). Generically, the NPD activities can be separated
into three broad main categories: the pre-development activities, the
development activities and, finally, the post-development activities
(Cooper & Kleinschmidt, 1988).

Pre-development activities

The sources and ultimate users of the information needed for the pre-
development activities are provided from within the company (research and
development, marketing, manufacturing, sales and management) or from
outside (customer needs and requirements) (Rochford & Rudelius, 1992). In
a logical order, the first activity of the NPD process is idea generation or
establishing the need, followed by a number of preliminary market, tech-
nical, financial and production assessments (Marquis, 1972). Baker et al.
(1983) defines the idea or need as ‘... a potential proposal for undertaking
new technical work which will require commitment of significant organi-
sational resources’, and idea generation as the ...coming together of an
organisational need, problem or opportunity with a means of satisfying the
need, solving the problem, or capitalising on the opportunity’.
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A number of preliminary investigations regarding technical compatibility
and capability of the company, financial attractiveness in terms of return on
investment (ROI) or pay-back period (PBP) and market assessments are the
catalysts in making a decision regarding future development of the product.
Juran (1988, 1989) refers to this stage as the translation of the customer’s
(internal or external) needs into the company (internal or external). However,
Cooper (1988) found that many firms face problems in this translation stage,
the result being a final product thatis’. .. not quite what the customer wants,
or [that] lacks differentiation from existing products’.

The deliverables (outputs) of the pre-development activities can be pre-
sented in terms of product design specifications (PDS), resource allocation
and process needs, market share and post-development marketing and
company policy. The design brief or PDS can be formulated from a variety of
sources such as stakeholder requirements, market research, legislation,
benchmarking of the ‘best’ manufacturer (competitor) of analogous
products, reports, proceedings and the identification of market gaps
together with statistical data and other tools (Pugh, 1991). The PDS pro-
vides the functional characteristics of the product including aesthetics, size
and weight, operating conditions and environmental factors. There are
often many solutions that satisfy a specific functional requirement. A
premature decision at this stage of the development could greatly affect the
overall cost and complexity of the product (Smith & Reinertsen, 1991) and,
since every stage of the NPD is affected by the PDS, it is crucial to the
overall success of the product development (Wnuk, 1990).

Crawford (1984) suggests that an important tool at this stage of the NPD
is the development of a product protocol. It is very similar to the PDS, as
described above, and in addition to establishing the business case, it defines
the target market, the benefits the product will/could deliver and how the
product will be positioned in the market.

Development activities

The development activities relate to the actual physical development of the
product and the process. The task of the designer or the design team (multi-
functional and multi-disciplinary) is to create the design both of the product
and of the manufacturing process. This can yield the desired production
quantity at a price that allows the company to sell the product for a profit
(Nevins & Whitney, 1989). Under the heading of ‘development activities’
testing and validation of the product can also be included, which differs
from the construction industry’s approach.

A single or, in many cases, a number of conceptual designs are fully
developed (Ward et al., 1994). Also one or more prototypes are developed
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(something that the construction industry cannot enjoy due to the nature of
its product) to create a physical model of the product so that its performance
and functionality can be examined (Pannesi, 1994). The prototype is tested
in-house (alpha test) and by the customers (beta tests) (Crawford, 1994). The
manufacturing process is tested in a limited trial, or pilot production, to
prove the capability of the production process and to determine more pre-
cise production costs and throughputs. Market tests and financial analyses
will determine if the project is still viable in terms of expected market share
revenues and cost data (Cooper, 1993).

Post-development activities

The post-development activities are related to the final launch of the
product into the market place, the marketing approach, the after-sales
support and finally a review of the project’s effective implementation, any
mistakes made and the performance of the activities involved. The last of
these will form the basis for future product and process improvements
through customer (internal and external) feedback in terms of future
requirements or current faults; and NPD process improvements in terms of
identifying deficiencies in the process model or in the implementation of
the individual activities (Holmes, 1994).

The lessons learnt can also be used for the development of new products.
This is an area that has not been considered carefully in the past, resulting
in the same mistakes being repeated in future projects.

NPD models

Depending on the number and nature of the activities of an NPD process
adopted by individual firms, NPD models can be represented in various
ways. They may incorporate the product policy of the company prior to
development and/or the lessons that can be learned from a successful or
unsuccessful development. Often, though, an NPD model only represents
the particular projects, and company policy prior to and after the comple-
tion of the project is not included. From a historical point of view NPD
models can be classified into three main streams: sequential, overlapping
and stage-gate phase review.

Sequential approach

In a sequential or serial approach to NPD the development moves through
different, almost mutually exclusive, phases as shown in Fig. 1.2, in a
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Fig. 1.2 Typical sequential NPD process.

logical step-by-step fashion (Imai et al.,, 1985). This approach has been
exemplified by the National Aeronautics and Space Administration’s
(NASA) phased program planning (PPP) model. Concept decisions, product
design and testing are performed prior to manufacturing system design,
process planning and production (Stoll, 1986).

The development proceeds to the next phase/stage only after all the
requirements of the preceding phase are satisfied. In each succeeding phase
of the project, new and different intermediate results are created with the
outputs of one phase forming major inputs to the next (Coughlan, 1991).
The design activities are isolated (the ‘over the wall’ effect) from the reali-
ties of the issues facing test, manufacturing, quality and service as shown in
Fig. 1.3. This is very much like the traditional construction processes which
will be described later in this chapter.

This type of approach results in a product development process that is
essentially linear with some very hard breaks between the phases of the

Design Test Manufacture

Fig. 1.3 Sequential ‘over the brick wall’ approach.
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process (Harkins & Dubreuil, 1993). It is often a result of the organisa-
tional structure of the company: highly structured and functionally orga-
nised into departments of individual principles such as engineering,
R&D, marketing and sales. Each function is expected to play a specific
and limited role in any phase. For example, the engineering department
designs the product, manufacturing makes it and marketing sells it
(Hayes et al., 1988). If a feature or an important element of the product is
omitted at the early stages, this fault will probably ramify as it moves
through the different stages resulting in an obsolete product (Oakland,
1995). The designs are passed from design to manufacturing and vice
versa, resulting in long lead times, late product launch, increased devel-
opment costs, lack of information flow and lack of flexibility for change
in the process (Desa & Schmitz, 1991; Turino, 1990; Stauffer, 1988; Put-
nam, 1985).

Apart from the limitations and disadvantages of the sequential approach,
it offers high staff utilisation in departments and is favourable for break-
through projects that require revolutionary innovation. It is also suited to
very big projects where the sheer number of personnel involved limits
extensive communications between the members of the team, and where
product development is masterminded by a genius who creates the inven-
tion and hands down a well-defined set of product specifications (Takeuchi
& Nonaka, 1986).

However, a decision concerning product design tends to have a number of
significant manufacturing and non-manufacturing impacts upon the life
cycle of the product (Dowlatshahi, 1994). A study at Rolls-Royce revealed
that design determined 80% of the final production cost of 2000 compo-
nents (Gorbett, 1986). Huthwaite’s (1988) study revealed that product
design activities are responsible for only 5% of a product’s cost; they can,
however, determine 75% of all manufacturing costs and 80% of a product’s
quality performance. The Ford Automotive Company has estimated that
among the four manufacturing elements of design, material, labour and
overhead, 70% of all production savings stem from improvements in design
(Cohodas, 1988) and 70% of the life-cycle costs of a product, in terms of
materials, manufacture, use repair and disposal of the product, are deter-
mined at the design stage (Nevins & Whitney, 1989). Turino (1990) found
that in the electronics industry the costs of making changes in the design of
a product are far greater at the later stages of the new product development
process, as shown in Table 1.1.

It became apparent, therefore, that the next step of NPD will need to
incorporate areas such as manufacturing, assembly, quality, R&D and
marketing at the design stage.
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Table 1.1 Typical costs of design changes
in the electronics industry.

Design changes made Cost

During design $1,000
During design testing $10,000
During design planning £100,000
During pilot production $1,000,000
During final production $10,000,000

Stage-gate processes

NASA'’s PPP (phased project planning) process, which is often referred to as
phase-review process (Rosenau & Milton, 1990), had a number of dis-
advantages as discussed earlier. However, Milton & Rosenau (1988) sug-
gested that when the phase-review process is executed by CFTs (cross-
functional teams) it offers a number of benefits such as reducing risk, easing
the task of setting goals toward completing each phase, and improving focus
on a particular phase.

One such process gaining wide acceptance (O’Connor, 1994) is known
generically as ‘stage-gate’, and is illustrated in Fig. 1.4 (Cooper, 1990). It is
presented as a series of gates and stages the number of which can vary from
typically four up to seven (Cooper, 1993) depending on the organisation
using it. Each stage represents a number of activities that need to be per-
formed and the information that needs to be gathered to progress the project
to the next gate. Unlike PPP, the stages do not represent single functional
activities in the organisation but are multi-functional, involving a number
of people from different departments relevant to the activities. Gates
represent decision or ‘go/kill’ points which specify a set of criteria or
‘deliverables’ that the project must or should meet in order to proceed to the
next stage of development. The gates serve as quality control checkpoints
and are usually controlled by senior managers from different functions who
own the resources required by the project leader or team.

Stage-gate processes have been found to reduce development time, pro-
duce marketable products and optimise internal resources by eliminating
projects that are not promising (LaPlante & Alter, 1994; Anderson, 1993;
Cooper & Kleinschmidt, 1991). There are, however, a number of dis-
advantages and weaknesses associated with stage-gate systems. Cooper &
Kleinschmidt (1991) found that in some companies management indicated
that the process takes too long to learn and perform.

O’Connor (1994) found that process customisation and a process man-
agement superstructure are necessary for a large firm to implement and
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manage a stage-gate product development process. There are generally six
deficiencies of the stage-gate system (Cooper, 1994):

e Projects must wait at each gate until all tasks have been completed.
Thus, projects can be slowed down for the sake of one activity that
remains to be completed.

The overlapping of activities is not possible.

Projects must go through all stages and gates when in some circum-
stances it might be quicker, especially for small firms, to eliminate or
bypass some activities.

e The system does not lead to project prioritisation as it was originally
designed for single projects (Griffin & Hauser, 1996).

e Some new product processes are very precisely defined, accounting for
minute details in the process and making the process hard to understand,
manage and learn.

e Sometimes the system tends to be bureaucratic, making the process too
slow.

To overcome these deficiencies of the stage-gate system Cooper (1994)
suggested the ‘third generation new product process’ which illustrates how
the NPD model might look in the future (Fig. 1.5). The main characteristic
of the new process is the overlapping of the stages. Go/kill decisions are
delayed to allow for flexibility and speed and the previously ‘hard’ gates are
presented as ‘fuzzy’ gates, which can be either conditional or situational.

Conditional gates relate to a ‘go’ decision made subject to a task being
completed at a specified point in time and the results of that task indicating
that it is still a good project. Situational gates refer to a ‘go’ decision being
made when the information from a task that is not yet complete is not vital
enough to halt the project. Because of the overlapping of stages and for the
sake of flexibility, decision-making authority will shift away from senior
management and more towards the team and the team leader. The process
does, however, remain sequential between consecutive stages as stages
cannot be bypassed or eliminated from the process.

Successful NPD has always been the primary objective of any firm
developing new products. The criteria that define success differ between
firms (Hart, 1996) and they form the basis on which firms benchmark their
NPD activities. Throughout the years many models and roadmaps have
been created to demonstrate, organise and manage the NPD activities in
whatever ways companies have seen fit. Figure 1.6 illustrates the drivers
and respective approaches that have been pursued by new product
development organisations. Essentially the drivers relate to flexibility and
speed, focus and control, and provide a consistent roadmap for managing
the new product development process. There is no simple or single solution
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Fig. 1.6 What now in NPD process?

to new product development but a set of possible tools and philosophies to
be combined together (Smith & Reinertsen, 1991). What works for one
company might not work for another for a variety of reasons such as product
and process complexity, nature of products (high-tech or low-tech), duration
of projects, markets targeted and the nature of the company itself (tech-
nology or market orientated).

The approaches described so far have a number of advantages and dis-
advantages associated with them and a good balance between them should
offer advantages that none of them can offer alone. There needs to be a
balance between the approaches that offer flexibility and speed and those
that offer focus and control. In general there are three main activities that
should be carried out by companies developing new products:

(1) Select the ‘right’ new product idea.

(2) Select the ‘most effective’ process for the product to enter the market
‘successfully’.

(3) Learn from the ‘good and bad points’ of the product and process
selection.

The development funnel

Wheelwright & Clark (1992) suggest a solution that incorporates all of the
above issues in the development funnel, as shown in Fig. 1.7. The first phase
of the development funnel represents the concept development and idea
generation for potential product/process efforts. Screen 1 represents an
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Fig. 1.7 The development funnel.

evaluation point performed by a mid-level group of managers (peers) iden-
tifying the information needed for a go/kill decision at screen 2. As part of
screen 1 ideas should be checked for their fit with technology and product
market strategies and their appropriateness as an application of the firm’s
development resources. Screen 2 operates as a gate, as seen for the stage-
gate process, operated by senior management. A review of the product and
process is used to select those projects that will be fully developed.

The approach to the development process should be customer and market
focused, and should include cross-functional teams. The procedures,
phases, and rules used should be streamlined, appropriate and adaptable.
The results of the project should be used as learning agents for future
development. The development funnel itself, however, can pose significant
constraints on resources as not all companies have the capability to allocate
resources for the conceptual development of a large number of projects.

Applying product development to construction:
historical background

In order to understand product development in construction it is important
to set it in the context of the history of construction. This historical
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background includes unique social and political relationships that through
their development have contributed to the apparent fragmentation of
today’s design and construction process.

Early forms of construction procurement are not well described. How-
ever, what is clear is that the formality of the construction project process
has varied according to the accepted social hierarchy of monarchy, church
and public. According to Colvin (1975), works undertaken on behalf of the
monarchy or church would have involved the management and adminis-
tration of construction projects by a local constable, sheriff or clergyman
who would have overseen and co-ordinated the general building trades. In
contrast, public construction projects were carried out much more infor-
mally. In this sense, the introduction of procurement as a distinctive
administrative and management structure for construction projects may be
associated with the 1500s. At this time Henry VIII’s ‘passion for building’,
as described by Colvin (1975), vastly increased the construction workload
and this, it would appear, necessitated the development of structured
administration both on and off site.

This period is worth noting as through the 1600s and 1700s a noticeable
change in social structure led to the creation of a landed aristocracy.
Demand for construction shifted significantly from the monarchy to the
new possessing class who felt a need to emulate their rulers in building but
had no means of doing so. Thus the structure of procurement altered to
meet this new demand. Effectively, specialist client’s agents now filled a
gap in the structure of construction management, acting as intermediaries
between the aristocratic client and the building trades. Those who had
previously serviced the monarchy provided this intermediate service. The
roles provided by the skilled artisan and master craftsman were now
demanded by an ‘independent’ market. It is here that the first signs of a
construction management service are identifiable.

In the 1700s the Bank of England was established and with it, right
through into the 1800s, the UK economy gradually began to grow. Trade,
both domestic and overseas, produced a quantitative increase in demand for
building stock of all kinds. Agrarian and industrial revolutions placed fur-
ther demands on the construction industry, as did the construction of
national transportation systems such as canals and railways. Many master
masons and artisans found themselves able to specialise further. The
engineering and architectural functions became distinct from one another,
as did the various surveying functions.

Qualitative changes also occurred during this period as the spirit of
commercialism filtered through society and many of the population bene-
fited from a greater distribution of wealth. More and more, clients wished
to demonstrate their social position through the buildings in which they
lived and worked. Buildings were noted for being prestigious and impos-
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ing and produced a demand for architecture that undoubtedly assured the
architectural profession’s position in the construction system. In con-
struction, the management functions became increasingly defined and
many, especially architects, began to specialise and form professional
institutions.

By the mid 1800s the UK was experiencing the effects of the mass
quantitative surge in population which had occurred during the industrial
revolution. This, plus the effects of rural-urban migration, created a
demand for housing on a quite unprecedented scale. Such demand led to
much standardisation in both form (for example, terracing) and production
in house building. General contracting (or contracting in gross) enabled
many to profit from the increased workload and in many speculative
developments design and build forms of procurement were adopted to
facilitate profitable production.

Powell (1980) suggests that building generally in the late 1800s was a
‘manifestation of Victorian commercial spirit’. This, in addition to Bowley’s
(1966) assertion that in the early 1900s the architect-surveyor/engineer—
builder hierarchy was the ‘only really respectable’ form of organisation,
would therefore seem to apply in what was becoming an increasingly
demarcated society. By the early 1900s the commonly termed ‘traditional’
hierarchy of construction organisation was established. Industrial and
technological developments were rapid and, through colonialism and other
overseas links, trade boomed.

World War I left many regions of the UK in dire need of rebuilding work
for all types of building stock. The welfare state programme of public
expenditure began at this time and continued after World War II, altering
the level of real wealth in the community. Planning controls were intro-
duced, social services were extended and, in real terms, a programme of
redevelopment commenced. The early years of the twentieth century had
seen a qualitative change in the construction market. Clients were
increasingly commercially orientated although there was still great demand
for industrial buildings. Resources such as land and building materials were
scarce or their use was controlled. To many it felt that these new demands
required a change in the conventional approach to procurement. Negotiated
forms of procurement were introduced in the inter-war years and, as time
progressed, management forms of procurement were experimented with
and adopted.

Post 1944 industry has experienced continued calls for integration among
the management functions and recognition of the value that each member
of the construction management organisation can contribute. The corre-
sponding increase and variation in procurement systems reflects this.

A process of experimentation and adaptation continued through the mid-
1900s and by the 1960s many distinct forms of alternative procurement



The Product Development Process 19

were in use. Their adoption was necessitated by the change in the type of
client demand that had occurred post World War II. All forms of industry
were increasingly concerned with the concept of management. The world
economic ‘crisis’ of the 1970s intensified this and management was seen
more and more as the key to efficiency and effectiveness in all types of
business. Client requirements were becoming more detailed and produced a
change in demand that required a different approach from the suppliers of
construction. Despite the trend towards management, the industry
remained fragmented with a large ‘trail’ of small sub-contractors and sup-
pliers and thus fragmented approaches to managing the design and con-
struction process (DCP).

In 1959 the United Nations defined the building (project) process as
‘...the design, organisation and execution’ of a building project that has
come to be recognised as ‘... normal practice in any country or region ... it
is characterised by the fact that all operations follow a set pattern known to
all participants in the building operation’ (United Nations, 1959). However,
this description is not so succinctly true today. The nature of the design and
construction process has grown in complexity since the 1950s, leading to an
increased number of actors in the project. According to Howell (1999)
variation occurs in every project process. Indeed there now arguably appears
to be no ‘standard project process’ of construction, either within a country
or within a region, and no clear indication of the roles and responsibilities of
the project participants.

The term ‘the traditional building process’ today usually refers to the
practice where, upon perceiving a need for a new facility, a building client
approaches an architect/engineer to initiate a process to design, procure and
construct a building to meet his/her specific needs. The process, in turn,
almost invariably consists of the project being designed and built by two
separate groups of disciplines who collectively form a temporary multi-
organisation for the duration of the project: the design group and the con-
struction group (Mohsini & Davidson, 1992). Typically, the design group is
co-ordinated by an architect/engineer. Depending upon the circumstances
of the project at hand it may also include other design professionals and
specialists such as engineers, estimators and quantity surveyors. The
principal function of this group is to prepare the design specifications of the
work and other technical and contractual documents. The construction
group, on the other hand, is usually co-ordinated by the main contractor and
consists of a host of sub-contractors and suppliers/manufacturers of build-
ing materials, components, hardware and subsystems. This group is
primarily responsible for the construction of the building project.

The two groups typically do not work coherently together (Kagioglou et
al., 1998a). The design activities in construction are usually isolated from
the realities of the issues facing production as each function is expected to
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play a specific and limited role in any phase, thus contributing to the
industry’s problems as highlighted by the many governmental and indus-
trial reports (Phillips, 1950; Emmerson, 1962; Banwell, 1964; Gyles, 1992;
Latham, 1994; Egan, 1998). This factor has contributed to the problems in
construction of poor supply chain co-ordination and fragmented project
teams with adversarial relationships (Mohsini & Davidson, 1992). Follow-
ing these reports new procurement routes have emerged to ease the prob-
lems and some of these are outlined below:

e Construction management: a construction manager is employed
alongside the design team as a project is initiated. The manager defines
and manages the work packages to allow construction work to com-
mence long before the design of the entire project is complete. However,
costing of the project cannot be accurately forecast until all the packages
have been let (Kagioglou, 1999).

e Management contract: design by the project sponsor’s consultants and
construction overlap. A management contractor is appointed early to let
elements of work progressively by trade or package contracts. All con-
tracts are between the management contractor and the trade con-
tractors. As with construction management, the final cost can only be
accurately forecast when the last package has been let (Carty, 1995).

e Design and manage: similar to the management contract but here the
contractor is also responsible for detailed design or managing the
detailed design process (Fryer, 1997).

e Design and build: contract for both design and construction of a project
by a single contractor for a lump sum price (Carty, 1995).

Construction project process models

The emergence of various forms of procurement routes is perhaps the most
significant attempt that the UK construction industry has made to improve
its services (Masterman, 1992). According to Hibberd & Djebarni (1996) the
concept of procurement raises awareness of the issues involved in chal-
lenging generally accepted practices and establishing strategies, thus the
need to consider new approaches to the design and construction process.
Latham (1994) argues that reducing variations in the project process will
improve performance and make significant cost savings. The fundamental
benefit of such an improved design and construction project process should
be to optimise predictability (Kagioglou, 1999). This can only be ensured
when a truly co-operative project environment exists. The project process
should look to facilitate team working and effective communication
between participants (Kagioglou et al., 1998a). Further, information tech-
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nology (IT) can assist the attainment and maintenance of a new project
process if its operation and the relationship between the parties is suffi-
ciently prescribed and detailed.

Unfortunately there does not exist a means by which to reduce variation
in construction in order to improve performance (Latham, 1994). The cur-
rent perception is that flexibility is difficult within the process because the
supply chain changes for every project and relationships are dynamic.
Despite the lack of a ‘standard’ project process there are several well-
recognised models of the construction process, namely the Royal Institute
of British Architects (RIBA) Plan of Work (first published in 1964) and the
British Property Federation (BPF) manual (1983). (Other process models that
have been recently developed tend to only replicate a particular aspect of
the design and construction process).

RIBA Plan of Work

The RIBA Plan of Work (RIBA, 1997) was originally published in 1964 as a
standard method of operation for the construction of buildings and it has
become widely accepted as the operational model throughout the building
industry (Kagioglou et al., 1998a). However, it was designed from an
architectural perspective. This has in some ways restricted its applications
to Joint Contracts Tribunal components and it is not generic enough for
wide construction works.

The plan (see Fig. 1.8) represents a logical sequence of events that should
ensure that sound and timely decisions are made during the course of the
project. It suggests that all the decisions, set out or implied, have to be taken

Pre-design A B

Design cC D E

Preparing to build F G H

Construction J K L

Post-construction M
Stage A: Inception Stage B: Feasibility >
Stage C: Outline proposals Stage D: Scheme design
Stage E: Detail design Stage F: Production info
Stage G: Bills of Quantities Stage H: Tender action
Stage J: Project planning Stage K: Operations on site
Stage L: Completion Stage M: Feedback

Fig. 1.8 RIBA Plan of Work.
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or reviewed (RIBA, 1997) and it is anticipated that the model will only need
slight adjustments depending upon the size and complexity of the project.
The project progresses from inception to feedback, i.e. from stages A to M,
in a linear fashion requiring the completion of one stage before proceeding
to the next. However, the design and construction process is essentially not
linear and cannot be viewed in such a functional fashion. Moreover, this
sequential flow only aids the hard breaks between the organisational
structure of the industry and contributes to the problems of fragmentation
and poor co-ordination and communication between project team members
(Sheath et al., 1996), as highlighted earlier by many governmental and
institutional reports (Phillips, 1950; Emmerson, 1962; Banwell, 1964; Gyles,
1992; Latham, 1994; Egan, 1998).

British Property Federation (BPF) model

The formation of the British Property Federation (BPF) model was a direct
result of the growing concern at the increasing problems within the con-
struction industry, notably poor design, inadequate choice of materials
and poor supervision of the works combined with a lack of representation
of the private sector client (Kagioglou et al., 1998a). The model was
intended for use by all those involved in a construction project, i.e. client,
design consultants, contractors, subcontractors and suppliers, which was
where the RIBA Plan of Work was lacking. It highlights the formal and
informal relationships between these parties and aims to provide the
client with value for money from the construction process by dividing
the design and construction process into five stages (British Property Fed-
eration, 1983):

Concept.

Preparation of the brief.

Design development.

Tender documentation and tendering.
Construction.

The model sets out to be flexible and allows the client to make a decision as
to whether to continue with the project at the end of each stage. Further-
more, the model can determine the actual position of the dividing line
between stages, outlining when to make that decision. Although the model
has not been widely implemented, which may be due to its close link with
repetitive house building projects, it has many advantages over the ‘normal’
methods of design and construction such as (British Property Federation,
1983):
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It produces better buildings more quickly and at lower cost.

It removes the overlap of effort between design team members.
Through more thought at the initial stages of the project fewer variations
are needed when on site, resulting in fewer delays, a lower cost and
improved performance by the design team.

Process development in construction

The success of construction projects largely hinges on both the efficacy of
the project process and the team enacting the work (Sidwell, 1990). The
construction team is a living organism usually formed from various orga-
nisations for the temporary duration of the project (Lingle & Schiemann,
1996). Although they have different priorities and capabilities they are
expected to work cohesively together from the outset. However, cultural
issues between project team members have often been cited in the litera-
ture as limiting the project success (Sidwell, 1990); team-building exercises
are commonly introduced to counteract this. In addition, the number and
subsequent variations of design and construction project processes exert a
much deeper influence on the efficacy (Howell, 1999). It was stated earlier
in this chapter that there existed no standard project process (Latham, 1994)
that is succinctly followed. This gives a clear indication of the problem
facing construction: how are professionals meant to instinctively organise
themselves into a team-working environment when the process is full of
infinite variation in that their roles and responsibilities vary from project to
project? Latham (1994) and Egan (1998) suggested that learning from
manufacturing and process modelling would aid project success. In parti-
cular, two key lessons must be considered: holistic front-end involvement
(taken from the link between NPD pre-development, development and
post-development activities) and the subsequent use of cross-functional
teams. The next chapter will discuss tools and techniques that can be used
to improve the design and construction process.

Holistic front-end involvement

The development of the construction process has left a sharp antithesis
between the architect and the contractor (Harvey, 1971). The barriers have
generated attempts to change the situation though these have tended to
concentrate upon altering the structures and processes to improve infor-
mation flow and to reallocate risk through new mechanisms such as design
and build, prime contracting, partnering, management of the supply chain
and other novel procurement methods. These are fundamentally attempts
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to bring together the design and the construction activities by introducing
those who do the building earlier into the design phase — into the front-end —
or by improving the design—construction interface.

Kadefors (1999) believes that to integrate constructability/the contractor
into the design phase is especially problematic as current contractual
arrangements shape interests in such a way that problem solving and value
management counteract each other. Traditionally contractors have not
assisted in the design phase of buildings; nor have specialist subcontractors
(e.g. mechanical or electrical) or large suppliers (e.g. steel merchants).
However, Gunasekaran & Love (1998) argue that their contribution will be
invaluable. These specialist organisations have specific knowledge con-
cerning the capability of the life cycle of materials, the overall performance
of a product and the programming of site operations. Khurana & Rosenthal
(1998) believe that the real keys to success can be found by forging a holistic
approach, particularly while two-thirds of the cost is committed during the
design stage (Love et al., 1998). The whole project is clearly planned out as
far as possible enabling the production team to be appointed early in the
process and, when required, to contribute to the design process and utilise
resources effectively.

Research concludes that machinery, labour requirements and materials
should be considered in the detailed or possibly the concept design phase
(Riedel & Pawer, 1997). After all, the only way to improve a company’s
competitive position is by producing a design that is ‘right first time’ so that
innovation and superiority can prevail, as changes at the design stage can be
made efficiently and effectively thus reducing cost and time (Milburn, 1992;
Riedel & Pawer, 1997; Khurana & Rosenthal, 1998). The ramifications of
not considering the manufacturability/constructability of a product when it
is being designed affect the quality, efficiency and speed of its development
and it is imperative that the production aspect should be moved to the
front-end (Ettlie & Stoll, 1990; Smith & Reinerstein, 1991; Cooper &
Klienschmidt, 1994).

Cross-functional teams

Bringing the production team to the front-end of the process, as described in
the previous section, invariably encourages greater interlinkages between
the organisations in varying degrees throughout the project life cycle. This
should be common practice. When construction problems arise the relevant
organisations have to work together to determine appropriate concessions
and compromises before solutions can be obtained (Alty, 1993). However, in
practice this is rarely the case (Howell, 1999). Baxendale et al. (1996) suggest
that the ‘conventional delivery processes cannot effectively handle the
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interactions and complexities of a multi-disciplinary team approach’, as
current procurement methods exacerbate the division of tasks into func-
tional disciplines that operate independently. Winch & Campagnac (1995)
also share this common analysis that contractual arrangements only
establish roles and responsibilities and do not give much insight into how
the different actors are to interact. Moreover, the functional disciplines
develop their own objectives, goals and value systems and become dedi-
cated to the optimisation of their own function with little regard to or
understanding of its effect on the performance of the project (Gunasekaran
& Love, 1998). A construction problem has to be agreed upon by the various
disciplines who each have their own perceptions and objectives so funda-
mentally the problem itself can possess multiple solutions (Li & Love,
1998). It is also common for many of the project participants to work on
several projects simultaneously, leaving communication between the
actors bilateral (Kornelius & Wamelink, 1998); skills are not harnessed and
working relationships remain underdeveloped (Love et al., 1998).

Conclusion

This chapter has set the scene for transferring product development prin-
ciples to improve the design and construction process. The need for NPD
and its generation of a series of process models was explained. The evolu-
tion of the construction process was described. It is clear that the RIBA Plan
of Work is very much architect-led while the British Property Federation
approach comes from the house-building sector; neither process is com-
prehensive. There is an obvious need for a more holistic and flexible process
to enable the industry to develop a construction product for the twenty-first
century especially through the use of increased front-end involvement and
cross-functional teams. The implications from manufacturing are that
better process definition is necessary; processes need to be managed and
measured more effectively; and culture change, improved communication
and common systems can be generated through the implementation of
consistent process. Chapter 2 will present the tools and techniques that can
be used to improve the design and construction process.



Techniques and Technologies for
Managing the Product Development
Process in Construction

‘...defining and improving processes and finally applying tech-
nology as a tool to support these cultural and process improve-
ments.’

(Egan, 1998)

This chapter introduces the techniques for process modelling and process
improvement used in both manufacturing and the construction industry.
The relationship between information technology (IT) and the design and
construction process is defined and the technologies supporting each stage
of the design and construction process are described through the use of an IT
process map. This is followed by an account of developments in technology
within the construction industry which are seen as crucial to the successful
implementation of a common process and innovation (see Fig. 2.1).

Approaches to process modelling

An understanding of processes can be reached in different ways. The project
process is often depicted/modelled to enhance team co-ordination and
communication through simple mechanisms such as flow charts and Gantt
charts (a flow chart that encompasses time). In order to model more
complex scenarios of real-world phenomena techniques such as IDEFQ
(integrated definition language) and analytical reductionism/process
decomposition are commonly used (Koskela, 1992).

26
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Section Themes

Approaches to process Techniques for process modelling
modelling

Process improvement Techniques for process improvement

) Relationship between IT and
IT and the design and construction process
construction process

Information system to manage the

Legacy archive and process construction process

information management

Latest IT development in the
construction industry

Latest technology in
development

Future IT development in construction

Fig. 2.1 Chapter map.
The integrated definition language (IDEF)

During the 1970s the US Air Force Program for Integrated Computer Aided
Manufacturing (ICAM) sought to increase manufacturing productivity
through the systematic application of computer technology. The ICAM
program identified the need for better analysis and communication tech-
niques for people involved in improving manufacturing productivity and
thus developed a series of techniques known as the IDEF family (IDEF, 2002.).

e IDEFO: used to produce a ‘function model’ — a structured representation
of the functions, activities or processes within the modelled system or
subject area.
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e IDEFI: used to produce an ‘information model’ — represents the structure
and semantics of information within the modelled system or subject
area.

e IDEF2: used to produce a ‘dynamics model’ - represents the time-varying
behavioural characteristics of the modelled system or subject area.

In 1983 the US Air Force Integrated Information Support System program
enhanced the IDEF] information modelling technique to form IDEF1X
(IDEF1 Extended), a semantic data modelling technique. Currently IDEFO
and IDEF1X techniques are widely used in the government, industrial and
commercial sectors supporting modelling efforts for a wide range of enter-
prises and application domains. In this chapter IDEFO will be described as it
most closely relates to the ‘functional’ new product development process.

IDEFO for function modelling is an engineering technique for performing
and managing needs analysis, benefits analysis, requirements definition,
functional analysis, systems design, maintenance and baselines for con-
tinuous improvement (IDEF, 2002). IDEFO models provide a ‘blueprint’ of
functions and their interfaces that must be captured and understood in
order to make systems engineering decisions that are logical, integrable and
achievable to provide an approach to:

e Performing systems analysis and design at all levels for systems com-
posed of people, machines, materials, computers and information of all
varieties — the entire enterprise, a system or a subject area.

e Producing reference documentation concurrent with development to
serve as a basis for integrating new systems or improving existing
systems.

e Communicating among analysts, designers, users and managers.
Allowing team consensus to be achieved by shared understanding.
Managing large and complex projects using qualitative measures of
progress.

e Providing a reference architecture for enterprise analysis, information
engineering and resource management.

The modelling language itself makes explicit the purpose of a particular
activity and is composed of a series of boxes and arrows. The boxes of the
IDEFO technique represent functions, defined as activities, processes or
transformations. Each box should consist of a name and number inside the
box boundaries: the name is of an active verb or verb phrase that describes
the function; and the number inside the lower right corner is to identify the
subject box in the associated supporting text.

The arrows in the diagram represent data or objects related to the functions
and do not represent flow or sequence as in the traditional process flow chart



Techniques and Technologies 29

model. They convey data or objects related to functions to be performed. The
functions receiving data or objects are constrained by the data or objects
made available. Each side of the function box has a standard meaning in
terms of box/arrow relationships (Fig. 2.2). The side of the box with which an
arrow interfaces reflects the arrow’s role. Arrows entering the left side of the
box are inputs; inputs are transformed or consumed by the function to
produce outputs. Arrows entering the box on the top are controls; controls
specify the conditions required for the function to produce correct outputs.
Arrows leaving a box on the right side are outputs; the outputs are the data or
objects produced by the function. Arrows connected to the bottom side of the
box represent mechanisms; upward pointing arrows identify some of the
means that support the execution of the function.

Control

Input Output
—>  Activity ——>

Mechanism

Fig. 2.2 The basic concept of the IDEF0 syntax (IDEF, 2002).

The functions in an IDEFOQ diagram can be broken down or decomposed
into more detailed diagrams until the subject is described at the level
necessary to support the goals of a particular project (see Fig. 2.3). The top-
level diagram in the model provides the most general or abstract description
of the subject represented by the model. This diagram is followed by a series
of child diagrams providing more detail about the subject. Each sub-
function is modelled; on a given diagram, some of the functions, none of the
functions or all of the functions may be decomposed individually by a box,
with parent boxes detailed by child diagrams at the next lower level. All
child diagrams must be within the scope of the top-level context diagram/
parent box. In turn, each of these sub-functions may be decomposed, each
creating another, lower-level child diagram.

Analytical reductionism/process decomposition

Process decomposition involves breaking the process down into levels of
granularity as demonstrated in Fig. 2.4 with the lower-level sub-processes
further defining their corresponding upper-level process. The level which
differentiates a process from a procedure is, however, still a topic of dis-
cussion in the process management field.
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Fig. 2.3 IDEF decomposition structure.

The difference between a process and a procedure could be considered as

follows.

A process (Koskela, 1992; Cooper, 1994; Vonderembse & White, 1996):

Converts inputs into outputs.

Creates a change of state by taking the input (e.g. material, informa-
tion, people) and passing it through a sequence of stages during which
input is transformed or its status changed to emerge as an output with
different characteristics. Hence, processes act upon input and are dor-
mant until the input is received. At each stage the transformation
tasks may be procedural but may also, for example, be mechanical or
chemical.

Clarifies the interfaces of fragmented management hierarchies.

Helps to increase visibility and understanding of the work to be done.
Defines the business/project activities across functional boundaries.
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Process Level 1
Sub-pr(lncess Sub-process Sub-prLcess Level 2
I
Sub-prcI)cess Sub-prtlacess Level 3
Procedure Procedure
Activity Activity Level ?
Task Task

Fig. 2.4 Process levels.

A procedure (Lee et

al., 2000}:

e Is a sequence of steps; it includes the preparation, conduct and com-
pletion of a task. Each step can be a sequence of activities and each
activity a sequence of actions. The sequence of steps is critical to
whether a statement or document is a procedure or something else.

e Is required when the task to be performed is complex or is routine and

required to be performed consistently.

e Defines the rules that should be followed by an individual or group to
carry out a specific task; their definition is usually rigid, leaving no
opportunity for individual initiative.

e Supports the process.

Process improvement

The development of an improved process for design and construction will
be illustrated in the next chapter. When a process has been defined or
mapped it is then important to continue to improve the process. Process
improvement is usually one of three activities:

e Management and continuous improvement of existing processes.
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e Designing or redesigning of new processes.
e Concurrent engineering.

The first aims to optimise and continuously improve the on-going processes
that are in operation within an organisation; the second endeavours to
change the organisation’s processes, perhaps somewhat radically. Both
streams are explored below.

Continuous improvement (CI)

CI (sometimes referred to as continuous quality improvement, company-
wide quality improvement, business improvement or process improve-
ment) originated from the field of quality management. As its name sug-
gests, it is concerned with the continuous improvement of an
organisation’s process (Kagioglou, 1999). McNair & Liebfried (1992)
defines it as ‘...an incremental change process that focuses on perform-
ing existing tasks more effectively ... small improvements are made in
the status quo as a result of on-going effects’. CI adopts the stance that
creating a development process is never completed (Oakland, 1995) and
improvements will only occur if attempts are made to learn from new
information generated by the process itself rather than the product. This
process is commonly associated with the plan-do-check-act cycle (PDCA;
sometimes referred as the Demming wheel or Shewhart cycle; see Fig.
2.5; Oakland, 1995).

When continuous improvement is in place the PDCA cycle is repeated
over and over again. Each phase of the cycle plays an important role in
sustaining the ongoing improvement (Vonderembse & White, 1996):

Continuous improvement

Fig. 2.5 The PDCA cycle (Oak-
land, 1995).
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e Plan: identify problems or opportunities for improvement; develop a
plan to make changes.
Do: implement the plan, documenting any changes made.
Check: analyse the revised processes to see if the goals have been
achieved.

e Act: standardise, document and disseminate the results; in case of not
achieving the goals, determine why not and proceed accordingly.

Business process re-engineering (BPR)

According to Davenport (1993) intense competition and other pressures on
large organisations often overshadowed the quality initiatives that were
introduced as part of continuous improvement programmes. Therefore a
powerful new tool emerged to facilitate the fundamental redesign of work
so that significant improvement could be achieved (Davenport, 1993),
namely business process re-engineering (BPR; sometimes called process
innovation, business process redesign, business engineering or process
engineering). This is essentially a strategic business management theory
and is now actively used in the construction industry. BPR differs funda-
mentally from CI in that it deals with breakthrough improvements as
opposed to gradual changes (Wesner et al., 1995). According to Ovenden
(1994) improvements of 10% to 15% can be achieved in most companies by
using CI. However, where quantum leaps in performance are required,
where the old should be completely replaced by the new, re-engineering is
the way forward and may well be the solution to improving construction.
Furthermore, BPR processes appear to have a definitive start and finish
whereas CI is a never-ending process (Zairi, 1991).

No two people have been more responsible for the re-engineering solu-
tion than Michael Hammer and James Champy (1997). The theory was
well acclaimed after their book Reengineering the Corporation: A Mani-
festo for Business Revolution was published in 1993. They define re-
engineering as:

‘...the fundamental rethinking and radical redesign of business processes
... to achieve dramatic improvements in critical contemporary measures
of performance, such as cost, quality, service and speed’.

That is, not small incremental changes to the process while leaving the
basic structures intact but rather abandoning long-established procedures,
conventional wisdom and assumptions from the past to look afresh at the
work required in creating a company’s product or service to deliver direct
value to the customer. An analysis of the definitions with respect to ‘what’,
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‘how’ and the ‘expectations’ of the theory is given in Table 2.1 (adapted from
Choi &Chan, 1997):

e What: the area of BPR concern.
e How: ways to deal with BPR as suggested in the definitions.
e Expectations: objectives expressed in the definitions.

Re-engineering is a top-down approach led by senior management and
aimed at rapid and dramatic performance improvement (Ardhaldjian &
Fahner, 1994). It views improvement from the process perspective rather
than the functional or organisational stance (Klein, 1994b) and is intended
to align the process with the strategic objectives and customers’ needs.
When a process is re-engineered jobs evolve from narrow and task-
orientated to multi-dimensional. Moreover, managers stop acting like
supervisors and behave more like coaches (Hammer & Champy, 1997).
Workers focus more upon the customer’s needs and less on their bosses’.
Attitudes and values change in response to new incentives.

Although BPR has been a popular buzzword since it was widely pub-
licised in the 1990s the verdict on its success remains uncertain (Choi &
Chan, 1997). Hammer & Champy (1997) estimate that as many as 70% of
the companies that try to re-engineer will fail but it is important to note
here that this assertion was neither documented nor based on empirical
evidence. Moreover, Champy reported in 1995 that re-engineering is in
trouble in that even substantial re-engineering payoffs appear to have fallen
well short of their potential:

‘... Reengineering the Corporation set big goals: 70% decreases in cycle
time and 40% decreases in cost; 40% increases in customer satisfaction,
quality and revenue; and 25% growth in market share ... although the
jury is still out on 71% of the ongoing North American re-engineering
efforts in the sample ... overall, the study shows participants failed to
attain these benchmarks by as much as 30%.’

If the ‘gurus’ openly acclaim that there are risks attached to the process of
re-engineering, why should we re-engineer? Chan & Peel (1998) conducted a
survey of 37 companies from 17 different industries world-wide who had re-
engineered and they concluded that about 73% of the sample experienced a
significant reduction in cost while successfully fulfilling their customers’
needs. Furthermore, 68% reported that re-engineering had helped them to
achieve their objectives of improving organisational efficiency, making
dramatic company-wide improvements and reducing throughput time. The
study concludes that the efforts of re-engineering have more often than not
paid off and that those companies that are willing to try can achieve sub-
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Table 2.1 Definitions of BPR.

Authors What How Expectations

Davenport  Business process, IT, Analysis and design Seeking for

et al. (1990) strategy, organisational improvements

structure

DeToro & Cross-functional work Examine, challenge Seeking for

McCabe teams and change work improvements

(1997) methods

Dixon & Key value business Radical or Dramatic orders of

Arnold process breakthrough magnitude,

(1994) changing distinguished from
incremental
improvements

Elzinga et Systematic approaches Process analysis To improve the

al. (1995) to analyse, improve, quality of products

control and manage and services
processes

Fiedler et Business process Radical alteration, Bringing about

al. (1994) information technology  departing from remarkable

existing practices, improvements
deliberating to plan

Hammer &  Business process Fundamental Seeking for

Champy performance rethinking, radical dramatic

(1997) redesigning improvements

Kim (1994) IT, business operations Changing the way of Maximising the

and organisation doing business benefits of
structures information
technology

Manganelli  Strategic value-added Rapid and radical Optimising the work

& Klein business process, redesigning flow and

(1994) systems, policies and productivity

organisational
structures

Paper Strategy-driven Redesigning critical Dramatic

(1997) organisational approach business processes improvements in
quality, cost, service
and speed

Ryan Company’s market, Making Seeking for

(1994) customers, products, fundamental improvements

services, suppliers and  changes
competitors

Teng etal.  Existing business Critical analysis and Breakthrough

(1994) process radical redesigning  improvements in
performance

Zairi (1997) Manufacturing, Analysis and design To continually

marketing, improve
communications fundamental

activities
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stantial payoffs in several respects. However, there do appear to be a series
of critical implementation strategies that increase the likelihood of success
(Hammer & Champy, 1997; Chan & Peel, 1998; Revenaugh, 1994; Lee &
Dale, 1998; Choi & Chan, 1997) and this can be attributed to the actual
definition of the term (see Table 2.2). Hammer & Champy (1997) believe
that the most egregious way to fail at re-engineering is by not re-engineering
at all but rather conducting process changes and calling it re-engineering.
The term has acquired a certain cachet and has been attached to many
programmes that have nothing to do with radical process redesign. Bartram
(1994) reports that some managers still admit that they still do not wholly
grasp the concept. Furthermore, a survey showed that less than half of the
88% of executives who were re-engineering could successfully define BPR
as process redesign (Klien, 1994b). The presiding factors are summarised in
Table 2.2 (adapted from Choi & Chan, 1997).

Concurrent engineering

There are a number of well-proven techniques for supporting the con-
current engineering environment. Figure 2.6 (Browne & McMahon, 1993;
Nevins & Whitney, 1989) illustrates the different tools and techniques as
they are used at different stages of the NPD process. Many of these tech-
niques are commonly used in medium to large organisations but their full
benefits are not usually realised in small companies having few, if any,
educated staff with exposure to these tools (Haynes & Frost, 1994). Figure
2.6 describes the tools and techniques used in concurrent engineering.
Quality function deployment (QFD) is a systematic approach for the
design of new products or services based on close awareness of customer
desires coupled with integration of corporate functional multi-disciplinary
teams (Rosenthal & Tatikonda, 1992). It provides procedures to assist
communications and structure decision-making by focusing efforts on
identifying and providing the information needed for designing products
and services (Griffin, 1992) thus bringing new products efficiently to mar-
ket, increasing customer satisfaction (Liner, 1992) and decreasing product
development time and cost (Eureka, 1987). QFD can be used in almost all
the different stages of the NPD process, alone or in conjunction with other
tools as shown in Fig. 2.6 (Browne & McMahon, 1993). It uses multi-
disciplinary teams (Oakland, 1993) to translate customer requirements into
the language of the engineer by explicitly linking the two kinds of infor-
mation in a ‘house of quality’ (HOQ) (Griffin & Hauser, 1996). The HOQ is
constructed using a series of matrices which match the customer require-
ments (what are the customer needs?) to the technical requirements (how
can they be achieved?). In construction, where there is still relatively little
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Table 2.2 Critical success and failure factors of BPR.
Category Factors Failure reasons Success conditions
Definition Concepts Unclear definitions, Understand and clarify the
too many terms and concepts
definitions,
misusing the term
Methodology Lack of standard Select an appropriate
methodology approach, conduct change
management, proper
project management
Expectation Unrealistic Clear goal setting,
expectations expectation set on condition
basis and review during the
project
Human Change resistance  Employees resist Establish communication
change, difficulty in  channel, well-informed
culture shift, fear of workers, provide training,
downward care of those unable to
decision-making adopt
authority
Top management Lack of top Include senior executive in
commitment management the steering committee, set
commitment strategic directions, having
clear authority and project
team motivation
Workers Neglect line Balance between two
involvement workers, depend parties, broad involvement
only on outsiders of employees, comments
for adjustments
Skill Information Over-reliance, mix  Maximising benefits of IT in
technology up automation and  BPR process, establish

BPR, lack of
corporate
information system

corporate overview at
information flow, adequate
budget

Project duration

Delay of delivering
the result

Proper project
management, setting
agreeable project duration,
divide project into phases

Scope and Incorrect objective, Prioritise objectives,

objective wrong scope, establish business context,
wrong process identify valuable processes
selection

Process re- Limited by localised Need a shared vision for

conceptualisation

expertise,
confusion of
function with

better communication

process
Benefits Incapable of Encourage creativity, help
recognition recognising the by simulation

benefits of BPR
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focus on design, QFD would be most appropriate at an early stage of the
process.

Failure mode and effects analysis (FMEA) is a ‘summary of the engineer’s
thoughts as he/she designs a product or its components (design FMEA) or
the associated manufacturing processes (process FMEA) and tools’ (Ford
Automotive Company, 1988). It is a systematic approach to eliminating
possible and probable failure modes of the product and/or process, identi-
fying their probability of occurrence and severity of failure and proposing
corrective actions to be taken (Villemeur, 1992). It utilises cross-functional
teams by including expertise from a variety of functional disciplines such as
engineering and manufacturing.

Taguchi has produced a powerful paradigm consisting of three main
elements for the general work plan of a manufacturing enterprise (Taguchi
& Wu, 1980). The first, system design, generates the product specifications
based on customer needs translated into design and manufacturing con-
siderations; the second, parameter design, minimises variance in the
product specifications; and the third, tolerance design, permits a bounded
level of statistical variance rather than absolute precision (Cook, 1992).

Validation testing involves a number of test methods for verifying that a
product design performs as expected, where statistical process control (SPC)
is an effective way of measuring the performance of a process by gathering
relevant information and using it to examine and identify possible correc-
tive actions.

A number of other tools (philosophies) are also used to assist CE practices.
They all aim at reducing development times and increasing the quality of
the product. They include design for manufacturing assembly (DFMA),
where manufacturing and assembly considerations are included in the
design formation and selection process, achieving ‘right first time’; and fault
tree analysis (FTA) for decision making.

The basic techniques for developing and mapping processes and
improving them have been described above. These can all be applied to
construction which in turn can be supported by information and commu-
nication technologies.

IT and the design and construction process

Many studies have been conducted in the construction sector in recent
years in order to investigate the relationships between IT and processes.
Most of these studies have concentrated on IT capabilities and forecasting
how IT will be used in the next 10 to 15 years (Brandon & Betts, 1995;
IT2005, 1995; Building IT 2000, 1991; KPMG & CICA, 1993; Aouad et al.,
1997). These studies have predicted the types of technologies that will be
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used by the industry during that period. Construct IT (1995) produced an IT
map that relates to the needs of construction processes without looking at
the co-maturation of processes and IT.

However, the management of IT in construction has rarely been con-
sidered within a process context. Furthermore, both IT and process have
frequently been treated as separate without any apparent links and/or
interfaces. As we discussed in Chapter 2, there has been since the 1930s an
apparent desire to change the construction cycle and several government
and institutional reports have been produced to support this, including
Simon (1944) and Banwell (1964), but none up to the Latham report (1994)
has been significantly acted upon. During this time several protocols have
been introduced including the RIBA Plan of Work (first published in 1964)
and the British Property Federation manual (1983). These protocols have
done little in considering IT as an integral part of the process. Hughes (1991)
suggests that ‘every project goes through similar steps in its evolution in
terms of stages of work. The stages vary in their intensity or importance
depending upon the project.’ In the same way the IT elements remain the
same but their use is dependent upon the project/process. The benefits of
using IT in the construction industry have been illustrated by a large
number of studies (see, for example, Betts, 1992; Brandon & Betts, 1995;
Miyatake & Kangari, 1993; Teicholz & Fisher, 1994; Tucker et al., 1994).
However, IT has been introduced to the construction industry in a funda-
mental manner through its various professions.

Recent changes, both in the global market and in information and
building technology, have begun to dictate a complete rethinking of the
way we design and construct our buildings. As we have discussed, the
construction industry, particularly in the UK, lags behind manufacturing in
terms of both productivity and efficiency as there is no agreed procedural
mechanism for doing the work due mainly to the fragmented nature of the
industry and the operation of its activities, and the perceived uniqueness of
construction projects. This also accounts in part for the slow uptake of new
technology. To date IT has been used as a support tool rather than a driver in
the design and construction process.

Traditional approach

The research by Childe et al. (1996) within the context of business process
engineering (BPR) has shown that existing legacy IT systems are hindering
the adoption of BPR principles by many large organisations. In a survey of 34
companies (none of which was from the construction sector) it has been
demonstrated that these existing IT systems are blockers rather than
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enablers of process improvement. The construction industry is not sus-
ceptible to the same problems as many of the existing systems have been
acquired on a relatively smaller scale; thus upgrading or even replacing
them will not be a difficult task in broad financial terms but rather will offer
the opportunity to ensure compatibility and ‘fitness for purpose’ from the
onset.

The main problem in construction is that most of the IT systems have
been purchased in the past because of operational rather than strategic/
business requirements. These systems have failed many construction firms,
leading to some suspicion of what IT can deliver to the sector. In order to
rectify this Alshawi & Aouad (1995) proposed a framework that addresses
the significance of merging information systems (IS) and their associated IT
strategies with business objectives. However, this work has failed to look at
the co-maturation of processes and IT. A new process/business view to
develop IT solutions through an IT map was developed by the authors.

The IT map (Fig. 2.7) identifies technologies that enable specific processes
within the design and construction cycle to have better performance
through a co-maturation model. The IT solutions are classified under major
headings including communication, visualisation, integration and intelli-
gence. These technologies are addressed in terms of their maturity in
relation to the processes they are trying to support.

IT process map

The IT map presents a vision for the future regarding I'T in construction. It is
acknowledged that the potential benefits that will come with the improved
process can only be realised with significant IT support. However, the IT
will only achieve profound change if its introduction and use is linked to
changes in the overall conduct of the design and construction process
(Aouad et al., 1997).

The IT map is developed around the structure of the Process Protocol
Map (see Chapter 3). It includes technologies specified by industry and
academia at the initial stage (pre-project phase) where simulation, ‘what-if?’
and economic appraisal tools are most appropriate. Potential project sce-
narios could be generated from an archived library of previous projects. Al
(artificial intelligence) techniques including case-based reasoning, neural
networks, fuzzy logic, genetic algorithms and KBS (knowledge-based sys-
tems) may also be appropriate to enhance creativity in the initial production
of the design. Economic appraisal cost-planning tools can be applied to
compare different alternatives and perform feasibility analysis at this stage
of the process.

In the pre-construction stage the client’s needs are developed into a
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design solution. This requires the use of AIl, CAD (computer-aided design)
and VR (virtual reality) tools. The key themes of visualisation and intelli-
gence are dominant at this stage. Visualisation supports the simulation of
information within the various phases of the process. Technologies which
can be used include VR, CAD and simulation tools. Artificial intelligence
helps in establishing decision support systems which may manage to
automate some of the phases of the process. These include knowledge-
based systems, neural networks, case-based reasoning and information
management systems.

The stages of construction and post-construction involve the use of
legacy applications such as planning and estimating. Integration and com-
munication are the key themes at this stage. Common standards, STEP
(Standard for Exchange of Product model data), IFC (Industry Foundation
Classes) and tools such as email and web applications are often deployed
at this stage of the process. Finally integration technology allows sharing
and exchanging of the project information across the project teams. Major
research in this area includes; ICON (Aouad et al., 1994), OSCON (Aouad
et al., 1996), SPACE (Alshawi, 1996), COMMIT (Rezgui et al., 1996),
IDAC-2 (Powell, 1995), COMBINE (Augenbroe, 1994; Dubois et al., 1995),
ATLAS (ATLAS, 1992), MOB (MOB, 1994), COMBI (Ammerman, 1994),
RATAS (Bjork, 1989), IRMA (Luiten et al., 1993), Fenves et al. (1990),
Froese & Paulson (1994), Howard (1992), Kartam (1994). All of this
research has recommended improved systems as the future for design and
construction.

A driver or an enabler!?

Ideally the process, IT, people, culture and customer issues need to be
considered and developed together to produce a comprehensive model.
Such a model would identify the enablers for process execution as IT, people
and culture. For example the type of IT will probably depend on the people
who use it and the extent of its use will depend on the culture of the
organisation and/or industry. An ‘open’ culture will utilise the commu-
nication capabilities of an IT tool to ensure visibility of project elements
and deliverables to all parties in a project. The effective use and co-ordi-
nation of IT, people and culture interfaces should optimise the process
performance which leads to eventual customer satisfaction.
There are six critical dimensions of IT involved:

(1) Simulation (e.g. ‘what if’, project simulation, economic appraisal).
(2) Integration (e.g. integrated databases).
(3) Communication (e.g. EDI (electronic data interchange), Internet).
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(4) Intelligence (e.g. artificial intelligence, KBS, neural networks, case-
based reasoning).

(5) Visualisation (e.g. VR, 3D).

(6) IT support (e.g. CAD, project planning, cost control).

The common problems associated with IT are related to its uptake, which
has been apparently relatively unco-ordinated, and the fact that its strategic
application appears to have been determined by availability of IT rather
than its suitability. The unsuitability of IT systems causes disfunctionality
in the process infrastructures which they are expected to support. It is
evident that the uptake of IT systems by the industry has been broadly
technology-led with the industry using basic communication tools in a
widespread (but not comprehensive) manner; and that the application of
particular industry-specific tools is more localised, probably because of
communication problems. In part this is due to a lack of understanding of
the way in which organisations and their operational and managerial pro-
cesses operate compounded by a lack of appreciation of how information
technology supports them. At a more sophisticated level of analysis, the
organisational capability and maturity of a company (or industry) are rela-
ted to a number of issues including the role of process management and
information systems in their maturation.

The technological management of IT within the construction industry has
been given little attention in the past. As a result a number of IT solutions
have been developed to act as drivers in the design and construction process.
IT-enabling solutions will play a major role in achieving significant
improvements in a traditionally fragmented design and construction pro-
cess. This can be achieved by viewing a process in two dimensions:

(1) There must be process and IT alignment. The IT process map presented
here illustrates how IT could operate within a process framework. This
requires an agreement on the actual design and construction process
phases, structure and management. In such a way the process becomes
the driver and IT the enabler.

(2) The phenomenon of co-maturation of IT and processes needs to be
considered. IT can only be effective if it is based on synchronised
process development. For example, the full benefits of an optimised
process cannot be realised when the IT development is still at the ad
hoc stages, and vice versa. Within this framework, it is anticipated that
construction firms will move away from traditional ad hoc IT invest-
ments and move towards well-planned strategies. By doing so large as
well as small organisations will be able to identify opportunities for IT
investments, evaluate their existing systems, identify the rate at which
new IT applications are adopted and work out the level of impact of IT
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on their firms. Essentially it is suggested that the coupling of processes,
IT, people and culture will provide customer/client satisfaction
accompanied by many obvious benefits.

Legacy archive and process information management

Construction projects by their very nature produce a great deal of infor-
mation regarding the design, the project management and the construction
attributes. Most participants then move on to the next project and little
learning takes place either throughout the project or between projects. A
legacy archive was a proposition identified by the authors through their
work on process during the 1990s. This is a ‘live’ communications link
which not only facilitates co-ordination on a project-based environment but
also offers the possibility of learning from previous project successes and/or
failures (Kagioglou et al., 1998a). Potentially an IT solution should be in
place for the project team and the organisation(s) as a whole. What needs to
be considered is how the information or project knowledge can be reused in
the other projects, how the knowledge can be captured and what technology
can be used to realise it. These are issues of knowledge management; that is,
management of the project knowledge. However, most of the common
knowledge management systems focus on processing and sharing infor-
mation and are not designed to accommodate the specific process frame-
work. To achieve effective project information management project
information has to be managed in a well-accepted information framework.
The legacy archive was specified by the Process Protocol project (see
Chapter 3).

The legacy archive proposal is for a process management tool which is a
knowledge-based project information management system that integrates
the process model as its core information framework. It should provide:

e Knowledge-capture functionalities such as document/drawing publish-
ing to record project activities and archive project documentation based
on the process framework created by the process creation tool.

e Knowledge development functionalities using data mining or OLAP (on-
line analytical processing) techniques to analyse the project information
and identify the information pattern, potential conflict such as potential
resource issues on site, optimised construction programme and con-
struction process simulation for possible crash detection.

e Knowledge-sharing functionalities such as messaging service, email
notification and document sharing.

e Knowledge-utilisation functionalities, web-based interface, a persona-
lised project information page for each user and a fast search tool for
document or information retrieval.
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In this environment teams can reduce costs and save time as they gather
and disseminate information throughout the project life cycle. Further-
more, the integrated project process map will become the route map to help
and guide the project management team to monitor and track project pro-
gress and documents. The centralised project information can be reused in a
future project where the knowledge captured and stored can be used to
inform decision-making and value engineering,.

Latest technology development
Project extranet

Recently the Web has facilitated approaches to achieving a legacy archive.
Web-based project extranet is one of the solutions for improving co-
ordination, collaboration and communication across construction projects
which has been growing rapidly since 2001. Project extranets have been
around for some time but were expensive and difficult to use and thus were
only used in some major projects. However, with the wide availability of the
Internet and the development of the technology, modern project extranets
have become cheap and user-friendly business tools. Web-based project
extranet first started in the USA in 1994 and brought the construction
industry into the e-business age. It enables the members of the project team
to communicate with each other and share the project information via the
Internet in a controlled and secure way.

The main function of project extranet is to share project documents. The
current systems are now not only allowing the sharing of documents
through the network but also enabling users to view the maximum number
of CAD files without installing any extra software. Moreover, users are able
to mark-up (redline, comment) revisions which then become a part of the
original document.

As project extranet is a restricted network for the project team, every user
is identified by user ID and password. It is possible to automatically track
and log the activities of individual users and identify who made which
comment or who viewed or modified a particular file. It is also possible to
introduce the project hierarchy and assign different access levels to ensure
that information is seen by the right group of users.

Another important advantage of project extranet is that all the project
participants have access to the most up-to-date versions of project infor-
mation. This will in theory significantly reduce the expensive mistakes
caused by someone working on out-of-date information which are quite
common in the construction industry. Furthermore, the cost of sending and
printing the project documentation will be reduced since most of the
documents will be exchanged electronically.



Techniques and Technologies 47

Building information model

The concept of a building model was introduced in the 1970s. Much of the
research in this field has been undertaken by academics, for example the
OSCON (Aouad et al., 1996) and Gallicon (Aouad et al., 1996) projects at the
University of Salford. Since 2003 leading CAD vendors, such as Autodesk,
Bentley and Graphisoft, have been heavily promoting the concept as the
building information model (BIM). The BIM is a digital data model of
building design information which may also contain information about the
building’s construction, management, operations and maintenance. Unlike
traditional 2D CAD systems in which the building design is represented in
multiple drawing files made up of lines, arcs and circles, the BIM is a single
information model constructed with intelligent ‘objects’ which represent
building elements such as walls, slabs, roofs, doors and windows. If a win-
dow is moved in the elevation the corresponding plan or section will be
updated automatically to show the window’s new location. If the design
parameters of the window are changed in the window schedule those
changes are automatically reflected in the drawing views as well.

Various technologies and researches have demonstrated the benefits of
the building information model concept (Lee et al., 2003). However, these
technologies are based on different standards that are not compatible with
each other. An open and neutral data format is required to ensure data
compatibility across the different applications. IFC (Industry Foundation
Classes), developed by IAI (International Alliance for Interoperability),
provide such capabilities.

Future vision

Recent years have seen a major change in the approach to construction
innovation and research. There has been a huge concentration, from both
the academic and the industrial communities, on the development of a
single building/product model and/or on the expansion of 3D CAD
modelling with other design attributes (such as time and cost) thus forming
an integrated model that is shared by all key participants in the project
process. The information in the model is linked so that when design
information is changed, for example, the cost of the project will also change
to reflect the new design. The integrated model will be a multi-dimensional
computer model that will portray and visually project the entire design and
construction process enabling users to ‘see’ and simulate the whole-life of
the project. This will help to improve the decision-making process and
construction performance by enabling true ‘what-if’ analysis to be per-
formed to demonstrate the real cost in terms of the variables of the design
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issues. It will therefore be possible to clearly envisage the trade-offs
between the parameters, such as:

Predicting and planning the construction process.
Determining cost options.

Maximising sustainability.

Investigating energy requirements.

Examining people’s accessibility.

Determining maintenance needs.

Incorporating crime deterrent features.
Examining the building’s acoustics.

This approach to the future, combining multi-dimensional versions of the
building aligned against the design and construction process, is under
development in research establishments and organisations worldwide. The
technology is available, IT is an enabler and we must establish strategies to
select such technologies. However, before IT can be used for the benefit of
the industry there is still a lot to do in understanding and developing the
processes and training the people in the industry to work with them.
Chapter 3 illustrates through a case study how a generic process was
developed with industry.



Case Study: the Generic Design and
Construction Process Protocol

‘The starting point for improving construction is to change the way
of thinking, rather than seeking isolated solutions to the various
problems at hand’.

(Koskela, 1992)

‘The task of creating a development process is never completed.
Once we have designed the process we need to change it to keep up
with changes in the environment. This process improvement will
only occur if we attempt to learn from new information generated
by the development process itself. Importantly, this is not infor-
mation about the product, but rather information about the
process.’

(Reinertsen, 1997)

This chapter describes the development of the Process Protocol, a generic
design and construction process for use by all sectors of the construction
industry. It describes the construction and manufacturing experiences that
were to formulate the principles and eventual structure and form of the
Process Protocol. It then goes on to describe the Process Protocol itself.
The Process Protocol was developed between 1995 and 2000. The first

Unless otherwise stated, sources and analysis of factors are derived from industrial feedback
gathered from interviews, questionnaires and structured/semi-structured workshop discus-
sions involving the industrial partners to the project: BAA, BT, Alfred McAlpine (Special
Projects), Watermans Partnership, Capita, Boulton and Paul, and Advanced Visual Technology.
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high-level process was developed by a research team at the University of
Salford in the UK in conjunction with nine collaborating companies
representing the spectrum of industry participants. This work was built
upon over the next three years by the same group with additional expertise
from Loughborough University. Throughout its development the Protocol
was tested by a whole host of industry collaborators.

In conjunction with the review of contemporary industry literature and
published research findings, the research team had the benefit of access
to workshops, questionnaires, interviews and other contributions from
professionals representing the industrial partners in the project team.
These combined inputs were available over the project duration. Perspec-
tives were provided from two major clients both of whom were exploring
the development in their own client-led construction processes. Design
and structural engineering companies, construction/project management
specialists, construction information technologists and a specialist
product supplier were also party to the development of the Process Proto-
col. Their input informed and steered the development of the Process Pro-
tocol research, enabling the research team to correlate the identified
needs of the construction industry for change with a combination of
research and practitioner-based experiences.

The description of the development of the Protocol which follows is
therefore a combination of referenced research findings and experiential
input from the industrial partners.

What do we mean by ‘process’?

The first issue in conceptualising a new process was to define the scope and
perspective of the term process. A review of the academic construction
literature and references in other construction industry publications indi-
cated that the definition and perceived scope of the term was highly variable
particularly within the construction field. It was also distinctly different
from the definitions assumed in the various manufacturing research fields
consulted. In particular, there were significant differences in process per-
spectives between construction and what appears to be the most compar-
able manufacturing process, new product development (see Chapter 1).This
was amplified through discussion with the industry partners and it took
several months and meetings to agree a definition of process. Indeed the
research team found very little common understanding of the term in the
industry, despite its continual use in the management arena with reference
to concepts such as business process engineering.
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Conceptualising a model

Given the apparent lack of commonality in the contemporary under-
standing of the design and construction process, one of the first activities
the research team did was to attempt to produce a model of the process
which could be debated and subsequently refined towards a generic repre-
sentation.

A number of modelling/systems analysis techniques such as procedure
charting, data flow diagrams (DFD), system flow charting, HIPO (hierarchy
+ input-process-output) and data modelling were considered. The IDEFO
(integration definition language O for function modelling) process modelling
technique was adopted, initially, as the most appropriate means of model-
ling the process. In developing a process model using the IDEFO technique
an initial step is the establishment of the activities that will comprise the
model. In preliminary workshop sessions with the industrial partners these
activities were presented for discussion in the form of an activity hierarchy
(similar to an organisational chart). Initial reactions to this were poor,
principally because such an approach did not facilitate communication of
the process either quickly or clearly.

Although IDEFO provided detailed semantic information, it tended to
become more complex as more sub-processes were added into the model,
and this resulted in difficulties in communicating the model. Moreover, it
was found that the partners, at this stage, also preferred to concentrate on
the general principles of the process rather than the detail of the activities
involved.

This preference for generic principles was found to have a certain con-
gruence with other models of manufacturing processes. In such models the
graphical representation of the process conveys its inherent principles. As
Rosenau (1996) notes, such process models are ‘an effective way to show
how a process works’. As a definition:

‘A process map consists of an x and a y axis, which show process sequence
(or time) and process participants, respectively. The horizontal x axis
illustrates time in process and the individual process activities or gates.
The y axis shows the departments or functions participating in the pro-
cess...'

Beyond this convention there appears to be little formality in the method
used to represent a process. It was decided therefore to use a more simplistic
graphical representation of the process. Through interaction with the
partners this relative informality of the modelling process enhanced the
contributions of the project’s partner representatives. Once an outline
model was drafted, through several workshop sessions, the model was
revised and deliberated by the partner representatives. As Rosenau (1996)
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argues, this ‘participative’ approach to design makes any new process easier
to accept and use. In an industry with a ‘need for change’ such an approach
is the most appropriate as it allows the participants to have ownership of the
model they are creating. Thus through a process of gradual refinement
progress was made towards an agreed version that was based on an informal
information (activity) flow-type modelling technique.

Drivers behind the process

As the modelling developed, the workshops and interviews identified a
number of underlying factors which provided a direction for the develop-
ment. Contributions to these came from both the construction industry and
manufacturing industry.

Construction and ‘process’

Construction industry perspectives on operational and
managerial ‘process’

Some sectors of the construction industry and the construction research
field clearly perceive solutions to process problems only in terms of the
scope for construction operation/activity-driven improvements (Skib-
niewski & Molinski 1989; Lutz & Hijabi, 1993). Conventionally cited
construction industry distinctions, such as the scale and unique nature of
the construction product and the normal construction of buildings in their
place of final use, compounded by an industry focus on construction rather
than on the assembly of components on site, are usually considered as
major inhibitors of adopting manufacturing approaches to process. There-
fore the argument is that process improvement must be focused on the
construction process rather than on design and construction. There also
appears to be a focus on consistently improving through simplifying (Bur-
bidge, 1990; Plossl, 1991).

In addition many of the production process improvements have been
driven by technological innovation or operational standardisation (Lutz &
Hijabi, 1993). However, they were by their nature diverse and unco-
ordinated — hence a strategic management process was required to co-
ordinate their potential benefits and realise their potential. The Process
Protocol was therefore not targeted purely at the production processes.
Notwithstanding this, ever-increasing prefabrication and standardisation of
components and sub-assemblies for building production is creating an
emergent standardisation of elements or modules of production which a
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consistent managerial-level process would probably help stimulate and
support.

Another problem in changing the industry was the attitude towards
process in construction. Even in the post-Latham era of change, the con-
struction industry focuses on the goal of a changed industry rather than the
journey and process of change necessary to approach and refine that goal.
The difficulties associated with reconceptualising the manufacturing pro-
cess were not dissimilar (Koskela, 1992). Plossl (1991), reflecting on the
comparison of manufacturing and construction processes, commented in
1991 that:

‘the characterisation of manufacturing could as well describe construc-
tion ... the consensus of practically all people in manufacturing until
recently was that the problems experienced daily were inevitable and that
it was necessary to learn to live with them. The real heroes were those
individuals who could solve problems shortly after they arose, regardless
of how they solved them.’

The process would therefore need to address these issues and embrace
more than mere production. It would also have to consider how to use the
output as a way of changing attitudes, many of which were evident in some
of the partner companies.

The need for process to link design and construction phases

Problems of component and product variability arising at the interface
between operational activities are also commonly interpreted by the con-
struction sector as being influenced by design decisions. Any resultant
problems are commonly seen as an uncontrollable external factor in
operations which occurs as a consequence of a lack of common under-
standing between the design perspective and the assembly practicalities
and is compounded by poor communication.

The historical linear, sequential relationship between design and con-
struction activities is a frequently cited contributor to buildability prob-
lems due to a lack of common perception/understanding and/or
communication between designer and constructor. It was a clear priority
from the outset of this project that the design and construction phases
required to be better integrated — both in the context of a common man-
agerial approach and in enhanced communication (including its content).
Since this could not be achieved at the (post-design) operational level alone
it would have to be achieved using a strategic management level that
spanned the design and construction phases. This also began to highlight
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the need to consider revising the duration and entry point of professional
involvement in the process in relation to the life cycle of the product.
Specifically, it raised the issue of earlier co-operative involvement of many
professional roles in the design and/or pre-project phases.

Manufacturing and ‘process’

In order to set the development in context the research team undertook
research in the manufacturing sector which was then presented to the
industry partners. This helped to illustrate how and where we could transfer
good practice between sectors.

A review of the manufacturing research field (see Chapters 1 and 2), and in
particular the field of new product development (NPD), indicated distinct
differences between manufacturing and construction in the involvement of
designer and assembler in the NPD process and corresponding differences in
perception of the terms of reference for process and process involvement. In
new product development it appeared to be more conventional for product
developers to be involved in the early stage of a client’s exploration of a new
product (Cohodas, 1988). This is sometimes referred to as the requirements
capture phase which is characterised by a consultative involvement of the
potential product developer(s) before the decision to proceed with the pro-
duct is finalised. A further issue arising from the review of NPD processes
was the use of an explicit stage-gate process approach whereby decisions on
the project progression were scheduled for a number of prescribable decision
points. Scope for the concurrent process planning and professional input was
included in such process philosophies which in turn led to scope for the
projects to be systematically conceived, developed and revised while
retaining the option to vary or cease the process within the prescribed
process management protocol (Cooper, 1994 (see Chapter 1). In NPD this
was reported as both allowing flexibility of product and operational processes
and supporting the innovation step within a generic set of strategic man-
agement principles (Cooper, 1994). In addition the potential introduction of
‘fuzzy’ gates within the process could further facilitate reduced development
times and ease the natural progression of a project’s life cycle (Cooper, 1994).
This approach became a key parameter for the Process Protocol.

The NPD process approach also commonly involves the product devel-
oper in the review of products after their completion, which allows sub-
sequent versions to be improved. It was therefore clear that for some sectors
of the manufacturing industry involvement was more intense, interactive
and relevant for a larger proportion of the product life cycle. Translated to
construction, this appeared to offer extra scope for a pre- and post-
production consultancy and evaluation role and also to allow for the con-
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struction industry to generate and use feedback in improving the product
and their own production process. Client expectations of the manufacturing
sector clearly embraced early consultation and the use of feedback as part of
a commitment to quality improvement, facilitated by long-term co-
operative arrangements or strategic partnering and an appropriate fee
structure for pre-product consultation. The emerging practice in world-
class manufacturing of reviewing the process capability of bidders as well as
the product quality is reported as helping those clients who themselves are
capable of looking beyond the product (Foxley, 1996).

These concepts had a profound impact on the conceptual design of the
Process Protocol.

While changing the extent and duration of involvement of the con-
struction industry in the life cycle of their products would require facili-
tating changes in contractual arrangements, there appeared to be clear
potential benefits for the client and the industry — in terms of diversified
and increased demand for their professional knowledge and the chance to
use this as a mechanism for improving products and processes. Coupled
with the raising of client expectations by their exposure to manufacturing
service and processes, this is probably going to be a growing and significant
pressure on the construction industry to change its service. Research
undertaken on partnering by investigators working on this project indicated
that a partnered arrangement may assist in facilitating such developments.
The terms of reference for ‘process’ were therefore extended to cover the
early stages of the life cycle of products and the latter stages of their use.

The terms of reference for designing the Process Protocol

The construction industry and research field foci prioritised by the indus-
trial partners were the pre-completion processes of designing and con-
structing buildings and not, for instance, the process analysis of facilities
management of completed buildings. One reason for this was that apart
from PFI (Private Finance Initiative) and BOT/ BOOT (build-own-operate-
transfer) type projects, which extend the involvement of the construction
industry beyond completion of the building, the majority of potential
industry beneficiaries of a generic Process Protocol would be contributing to
the pre-completion phases of the building life cycle. However, with public-
private partnerships, the Public Finance Initiative and similar approaches
on the increase, further work is essential and underway to link the Process
Protocol into overarching business processes.

With the benefits of steering input from the industrial partners, the
development focus of the Process Protocol was therefore deliberately tar-
geted on the design and construction phases. This was informed by a general
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recognition that poor process control and performance in the early stages of
design and construction led to compounded problems for the latter stages of
the process and therefore the most achievable and effective opportunity for
improving overall process management and performance lay in the early
stages of the process.

Strategic level of the Process Protocol

It was also appreciated that the fragmentary nature of the construction
industry had been and would otherwise continue to be a major obstacle to
achieving co-ordinated control of the design and construction process. As
discussed earlier, it was felt that a process standardisation focusing on
operational activities in the construction phase was insufficiently strategic
to be effective; also it could clearly not support the co-ordination of the
entire process which included design and use as well as assembly.
Furthermore the incremental increase in standardisation of components
and building sub-assemblies was already producing convergences in site
operations and forms which would develop best without attempts at gen-
eric orchestration. A management-level protocol may facilitate and
stimulate increases in operational-level consistency and this was con-
sidered to be a possible side-benefit. The subsequent development of tools
and techniques for implementing the Process Protocol and facilitating
industry change would clearly have to focus on these issues but they were
outside the scope of the funded project brief.

Generic nature of the Process Protocol

The industry partners were clear that the protocol must be designed as a
prototype or generic tool which could be adapted and applied irrespective of
the variability in particular project details; in other words it must be a
generic strategic management protocol. The selection of process factors to
address was related to the operation of the various professional functions,
their co-ordination and their relationship to the overall process of producing
a building that met the client’s needs and expectations.

Factors identified with problems in the design and
construction process

As discussed above, the key priorities identified by the industrial partners
for developing the Process Protocol were the need for managerial-level
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change and, in particular, the need to orchestrate existing management-
level activities within design and construction into a coherent and
repeatable process capable of systematic and sustainable improvement
(Hinks et al., 1997).

In addition, a number of factors identified from previous research as
problems or contributory factors in poor performance were analysed and
used to design the improvement parameters for the process protocol. These
included the following.

Process problem factors identified for the pre-project phases of the
design and construction process

Pre-project was defined as comprising those phases which occur before the
decision is made by the client to proceed with a construction solution to
their business need. These phases correspond to recognised phases in NPD
(Clark & Wheelwright, 1993) but conventionally occur prior to construc-
tion industry involvement. NPD pre-project phases include requirements
capture and outline and detailed feasibility studies produced for the pur-
poses of selecting a preferred business option, of which construction may be
one of several potential options.

e Demonstrating the need for the project

There was a clear identification in the research that the early stages of the
life of a project were poorly handled by the construction industry — a
problem which was in part fuelled by the contract-led restrictions on
involvement of the various parties in the very early stages of a project’s life
and compounded by the lack of a convention of being involved in a pre-
project on a consultative basis.

e Consultative involvement

The scope for consultative involvement of producer/developers which
occurs in the distinctive NPD sector requirements capture phase was not
generally available to the construction industry or its clients which also

! Unless otherwise stated, sources and analysis of factors are derived from industrial feedback
gathered from interviews, questionnaires, and structured/semi-structured workshop dis-
cussions, involving the industrial partners to the project: BAA, BT and Alfred McAlpine
Special. Projects, Watermans, Capita, Boulton and Paul, Advanced Visual Technology.
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meant that the opportunity for the design and construction professionals to
provide a professional service was not generally occurring. In manufactur-
ing NPD sectors the arrangements can operate on a retention and/or con-
sultative fee basis, frequently facilitated through an implicit or explicit
partnering arrangement. It is from the requirements capture phase onwards
that the opportunities for partnering relationships commence in NPD
which in turn facilitate mutual strategic benefits for the partners. While not
without example in the construction industry, this is still a rarity even in
emerging partnered relationships.

e Partnering opportunities in pre-project phases

Partnering will not be able to bring about the necessary change in process
unless it provides a strategic relationship that stimulates and supports pre-
project consultation. Without a change in contractual and/or process con-
ventions project-specific partnering is unlikely to be able to provide this
potential benefit since the involvement of the partner may not occur until
at or near the conventional industry entry stage when a client has already
committed themselves to construct .

The process of pre-project consultation

In projects where there is not an alternative provision such as a consultative
retention/strategic partnering relationship the difficulty may be for the
client to know:

(a) Who to approach for advice on a consultative basis.

(b) How to manage the process of taking consultation advice into their
decision-making process across what may be several internal phases of
deciding about a project.

In NPD processes the decision-making phases which can occur prior to
committing to construct as the business option can include:

(a) Demonstrating the need to internal assessors.

(b) The conceptualisation of the demonstrated need to define the scope
and options for a potential project (of which construction may be but
one competing option).

(c) Conducting various levels of feasibility study for the client body to
select the preferred options.
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Only at this stage, if construction is the chosen option to meet their busi-
ness needs, may the construction industry be approached under the con-
temporary conventions. This arrangement leaves the industry knowledge
under-utilised and frequently responding to ideas which the client has
committed themselves to on the basis of little or no professional input.
There may also be a body of opportunities to construct which are not
reaching the industry because the client is unable to get access to the advice
required to assess feasibility.

e Client briefing: interface, access and communication

The problem factors associated with these phenomena in published
research findings included poor client briefing (Jamieson, 1997) and unclear
or missing information (BRE, 1995) which affected subsequent phases of the
design and/or construction process. This is probably compounded by diffi-
culties in accessing the client brief (Jamieson, 1997) which, with an earlier
and more meaningful involvement of the key design and production parties,
may lead to mutual product and process benefits. There were also clear
problems recurrently identified with the interface between the client and
the industry, usually between client and designer, and associated with the
initial briefing exercise. The need for improved communication is a fre-
quent factor that the industry is alerted to but the issue is deeper than
merely communicating — it also includes what is being communicated.
These problems appeared to be perpetuated by a lack of involvement of
appropriate expertise in the very early phases of product conception that
could lead to subsequent poor co-ordination in the design or project plan-
ning phases (Jamieson, 1997).

e Existing design and construction ‘processes’

Problems identified with the inconsistency, linearity and sequential nature
of existing design and construction ‘processes’ (Jamieson, 1997; Cooper,
1993) have been linked with the difficulties in producing and using con-
struction production information (see also Mokhtaar et al., 1995). The
problems with the management and co-ordination of production informa-
tion have been associated with the process of their production. These
problems are frequently compounded by an excessive but unco-ordinated
and unstructured bureaucracy in client bodies (Assaf et al., 1995). Produc-
tivity lags behind manufacturing (Koskela, 1992).
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e Requirement for industry-wide coordinated process
improvement

It is essential that the parties involved in project teams are operating to a
consistent process, which requires broadly similar process capabilities of
the various team members. This will mean that industry-wide process
improvement is required for the design and construction process to achieve
repeatability and hence manageability (Hinks et al., 1997). This means
linking the professional capabilities in the pre-construction phases as well
as the production phase parties and linking capability and process
involvement across the phases. The alternative could be a greater level of
stratification and fragmentation within the industry which would be self-
defeating since the problems of process depend on all parties for their co-
ordinated resolution.

e Assessing process performance

The performance of a structured process could be assessed by the stake-
holders using a phase review board system similar to that employed in
NPD. Controlling the process so that the changes are restricted to the
product and not the process would allow consistency of management
control to be retained. Use of a consistent and controlled process would
enhance capability to accommodate product changes. The need for generic
process models was identified by the industrial partners (Whitelaw, 1996)
and in some academic literature (Jamieson, 1997; Whitelaw, 1996; Aouad et
al., 1994; PISTEP, 1994). There was also a call for integrated processes in
construction (Sanvido, 1988) and data management protocols (Jamieson,
1997).

e Barriers to learning

A product-orientated emphasis (rather than a process-orientated emphasis)
focuses on the differences between products and processes operating in
other sectors. One-of-a-kind products do tend to limit the feedback poten-
tial (Koskela, 1992) and focus reviews on product feedback and not process
feedback. By focusing on the uniqueness of the products, rather than the
commonality of the process for the management of their production the
construction industry continues to put its efforts into solving and resolving
individual product-focused problems without creating the managerial sys-
tems which could help avoid, overcome and/or learn from (product and
process) solutions.
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Many construction projects originate design/construction information
and data which may have been gathered from previous projects and
improved following feedback if there were an appropriate mechanism for
doing so. The need for designers to interface with previous and ongoing
design and production data for the specific project (Mokhtar et al., 1995)
and from previous projects is a potential aim for construction IT espe-
cially where as-built CAD drawings are produced from relatively conven-
tional (repeated) building forms. At the centre of this is the complexity of
information flows (Jamieson, 1997). Problems with compatibility of the
IT have tended to obscure problems with incompatible processes and pro-
fessional conventions/boundaries which will also probably restrict inte-
gration. In the ‘non-repetitive, complex and dynamic’ construction
industry computer systems ‘have been found wanting’ (O’Brien, 1997) (see
Chapter 2.

Risk assessment

This was identified by the industrial partners as one of the most critical yet
unco-ordinated activities for modern project/process management. A lack
of follow-on of risk assessment and decision data analysis between phases of
the process was also identified as compounding the unsystematic risk
assessment within phases (Jamieson, 1997). Much of the risk assessment
being undertaken also appears to be being undertaken by individuals rather
than all the stakeholders in the project in a co-ordinated and consistent
manner (Shahat et al., 1995). A clear protocol for the early addressing of risk
and risk allocation by the stakeholders in the process was considered
essential. A lack of review of risk assessment meant that there was no
systematic feedback to accommodate improvements in future risk assess-
ment. This produces a consequent compounding of errors throughout the
process (Jamieson, 1997). Risk assessment was also felt to be an essential
early process phase activity which construction professionals could assist
clients in undertaking pre-project-phase feasibility analysis.

There is also a separate problem of the ‘over the wall’ phenomenon of
information processing (Cooper et al., 1998), which leads to information
related to a particular stage of the design or construction process being
handed over without interaction from one stage to the subsequent stage.
This is compounded by a lack of role overlap and interaction between the
professions leading to disjunction between stages and professions involved
in the design and/or construction activity. The boundary between design
and construction is the most typical boundary where information is passed
‘over the wall’, resulting in buildability problems. It can also occur within a
stage where, for example, design changes are poorly communicated to other
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professionals leading to wasted work on obsolete design versions. The
problem can also arise in the production of finalised as-built drawings.

The related issue of design change was repeatedly highlighted as one of
the biggest sources of delay in construction projects (Assaf et al., 1995).
Concepts of design freeze were discussed by the industrial team members,
the eventual preference being for a progressive fixity of elements of design
to allow concurrent advancement of the design and pre-assembly planning
to be maximised. This is supported by the call for a ‘total design paradigm’
(Jamieson, 1997) which could be addressed by the co-ordinated extension of
the design role involvement into the pre-project and post-completion
phases of the product life cycle (Cooper, 1988). Poor buildability was also
identified as a consequence of uncontrolled design changes.

Process problem factors identified for the construction phase

A commonly cited distinction of construction is site-based production
(Koskela, 1992). Technical innovations originating in prefabricated and
standardised products continue to be under-realised due to the need for a
transparent and consistent process which will allow the repetition of
benefits to the overall process to be achieved.

Table 3.1 addresses problem factors identified at each of the stages of the
design and construction project and identifies solution mechanisms used in
developing the Process Protocol at both a philosophical and a process-
mapping level.

The concept of the Process Protocol:
the drivers and philosophies

Having understood the problems as represented by the literature and
industry it was recognised that the concept of the Process Protocol should
consider the following points:

e The need for a model which ‘is capable of representing the diverse
interests of all the parties involved in the process ... to be able to provide
a complete overview’.

o There will be no best way for all circumstances (Plossl, 1991) but a
generic and adaptable set of principles will allow a consistent application
of principles in a repeatable form.

e There was a need for a coherent and explicit set of process-related
principles (Plossl, 1991) and a new process paradigm which could be
managed and reviewed across the breadth and depth of the industry and
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which would focus on changing and systematising the strategic
management of the potentially common management processes in
construction while accommodating the fragmentary production idio-
syncrasies.

e There was a need for design and construction operations to form part of a
common process best controlled by an integrated system.

e There was a need for a definable and repeatable Process Protocol which
would allow an IT solution to be devised that would manage both the
Protocol and its information, and would also allow systematic and
consistent interfaces between the existing practices and IT practice-
support tools to be operated. Simplicity in the protocol and its operation
are essential (Plossl, 1991). There should be clarity in terms of what is
required, from whom, when and with whose co-operation, for whom, for
what purposes and how it will be evaluated.

e There was a need for standardisation of the deliverables and the roles
associated with achieving, managing and reviewing the process.

o There was a need for an industry-wide co-ordinated process improve-
ment programme.

e A clear plan for future IT was needed to support the development of a
repeatable and generic protocol.

e Aphilosophy of early entry into the process for the key functionaries must
be assured with an emphasise on design and planning to minimise error
and reworking during construction. It should be an extended process with
earlier entry to allow a co-ordinated and recognisable/manageable pro-
fessional contribution to the requirements capture and pre-project phases
of client project planning — termed the pre-project phases.

e There should be an extension of the recognised construction industry
involvement in the process beyond completion — a post-completion
phase.

The philosophies: The process was therefore developed with the following
philosophies in mind:

e Define and manage the process using a set of modular process phases
which can operate sequentially and/or concurrently (and in small-scale
projects may be combined so long as the key functional and function-
driven deliverables and activities are maintained). The phase modules to
comprise:

Pre-project phases

Demonstrating the need (phase 0)

Conception of need (phase 1)

Outline feasibility (phase 2)

Substantive feasibility study and outline financial authority (phase 3)
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Table 3.1
mechanisms.

Factors affecting the construction industry and process solution

Pre-project phases

Problem factors

Solution mechanisms

‘The starting point for improving
construction is to change the way of
thinking, rather than seeking isolated
solutions to the various problems at hand’
(Koskela, 1992).

‘There is no one best way to control
manufacturing’ (Plossi, 1991).

The lack of a convention of being involved
in pre-project consultation.

Need to foster better relationships
(Jamieson, 1997).

Contract-led restrictions on early
involvement.

Assessment of risk not being done as an
overt or process-based exercise; tends to
be done by individuals (Shahat &
Rosowsky, 1995).

Change the culture of construction across
the entire depth of the management
hierarchy.

There will be no one best way to control all
design and construction circumstances,
but a generic and adaptable set of
principles will allow a consistent
application of principles in a repeatable
form.

Earlier and fuller involvement of design
and construction professions in pre-
project advisory role, possibly facilitated
through an implicit or explicit client/
designer or client/contractor strategic
partnering arrangement.

Strategic partnering to provide
opportunities to enter the client process of
project planning and requirements
capture. In subsequent phases of the
design and construction process, the use
of team building and virtual company
techniques to establish and maintain team
relationships at and between the
managerial and operational levels
throughout and/or beyond individual
projects.

Alteration of contractual arrangements
retention and/or consultative fee basis,
possibly facilitated through an implicit or
explicit strategic partnering arrangement.

Risk assessment as explicit pre-project
task. Establish a clear protocol for the
early addressing of risk and risk allocation
by the stakeholders in the pre-project
process phases.
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Pre-construction phases (1)

Problem factors

Solution mechanisms

Compatibility of processes (Hinks et al.,
1997).

‘Manufacturing operations forming parts
of a common process are controlled best
by an integrated system’ (Plossi, 1991).

Linearity and sequential nature of existing
design and construction examples in
manufacturing and NPD ‘process’
(Jamieson, 1997).

Inconsistency of existing processes
(Jamieson, 1997).

Lack of concurrent managerial
applications (Jamieson, 1997).

Subsequent difficulties in producing and
using construction production information
(Mokhtar & Beddard, 1995).

Poor client briefing (Jamieson, 1997).

Accessing the client brief (Jamieson,
1997).

Compounded by an excessive but unco-
ordinated and unstructured bureaucracy
in client bodies (Assaf et al., 1995).

A generic process that includes
management processes and IT support,
integration processes and process
application protocols and specifications.

Design and construction operations
forming parts of a common process are
controlled best by an integrated system.

Concurrent protocol required (Cooper,
1994).

Adopt principles of concurrent engineering
within a high-level process protocol.

Use of a product data modelling approach
to production planning and information
management (Mokhtar & Beddard, 1995).

Co-ordinated data exchange protocols
and a change management role to control
changes in product or process — an explicit
information management protocol linked
to a consistent process protocol could be
supported by an IS tool.

Clear deliverables for functions and
activities managed in a consistent and
comprehensive information protocol
linked to a supporting process
management protocol.

The function-driven deliverables for each
process phase to be transparent and
simply defined.

Earlier and fuller involvement of client in

briefing phase. Address the client briefing
process and roles.

Continues
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Table 3.1 Continued.

Pre-construction phases (1)

Problem factors

Solution mechanisms

Poor co-ordination in design or project
planning phases (Jamieson, 1997).

Design change is one of the biggest
sources of delay in construction projects
(Assaf et al., 1995).

Poor buildability consequences.

Process and IT support integration
protocols.

Establish ‘a generic management
mechanism’ (Hannus et al., 1995).

Collect and apply information to support
the management process and co-
ordination activity, to include the process
decisions and operation as well as the
production and design data. Especially if
integrated at all levels (Hannus et al.,
1995).

Co-ordination of functions and activities
(Jamieson, 1997).

Make the process directly observable and
plottable (Koskela, 1992).

Pre-construction phases (2)

Problem factors

Solution mechanisms

Operate a total design paradigm
(Jamieson, 1997).

Establish product design specifications
(Jamieson, 1997) using generic activity,
deliverable and function statements for
strategic process management
application.

Operate the principle of concepts of
progressive fixity of elements of design to
allow concurrent advancement of the
design and pre-assembly planning
certainty to be maximised.

Support with a single point information
management and change management
authority.

Support with the extension of the design
role involvement in the pre-project and
post-completion phases of the product life
cycle (Jamieson, 1997; Cooper, 1988).

Emphasise effort on design and planning
to minimise error and reworking during
production.
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Pre-construction phases (2)

Problem factors

Solution mechanisms

Unclear or missing information (BRE,
1995).

Complex information flows (Jamieson,
1997).

IT, process management, and
communication are inter-dependent
(Hinks et al., 1997).

Improved communication required.
‘Over the wall’ information handling.

Information is not being widely used for
strategic application purposes (Jamieson,
1997).

The creation of pre-planned design
information requirements which can be
used to co-ordinate the brief-capture
activity; also in creating design outlines
and specifications.

Recognise the iterative nature of
information creation and use (Jamieson,
1997).

This to be supported by a storage,
retrieval and application protocol and
mechanism for information gathered from
previous project or created for the specific
project to be reviewed and passed on to
future projects — alegacy archive (Hinks et
al., 1997).

Improved communication protocols and a
facilitating role to allow communication to
be guided.

Meta communication planning needed
(communication about communication
expectations).

Strategic use of process information
support with an organised and explicit
information management role.

Pre-construction phases (3)

Problem factors

Solution mechanisms

Assessment of risk not being done as an
overt or process-based exercise; tends to
be done by individuals (Shahat &
Rosowsky, 1995).

Lack of follow-on of risk assessment and
decision data between phases (Jamieson,
1997).

Lack of review and feedback of risk
decision data analysis.

Risk assessment as explicit pre-project
task.

Support with the establishment of a phase
review board comprised of stakeholders
with early process entry to represent the
virtual company, and assess phase
progress and adjudicate on process
continuation.

Establish overt risk assessment activity

concurrency and overlap of risk
assessment and assessments.

Continues
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Table 3.1 Continued.

Pre-construction phases (3)

Problem factors

Solution mechanisms

Consequent compounding of errors
throughout process (Jamieson, 1997).

Professional conventions/boundaries.

A need for a clear process management
role and authority vested in a single
individual (Male, 1996).

Storage and review of decision data.

Scope for construction professionals to
assist clients undertaking pre-project
feasibility analysis.

Establish a clear protocol for the early
addressing of risk and risk allocation by
the stakeholders in the pre-construction
process phase, including handover of risk
assessment data between phases.

Professional roles and inter-relationships
within the design and construction process
need to be defined and/or revised.
Responsibilities for Functional Activities in
projects to be defined, and integration
through managed team approaches.

Establish a process manager or broker
role (Male, 1996).

Minimise the amount of control
information required during the
achievement of process deliverables by
having a clear and transparent set of
definitions of deliverables and allow
professional autonomy in achievement of
deliverables. Co-ordinate using a process
management role operating within
discrete modular phases and acting as a
management link between phases.

Pre-construction phases (4)

Problem factors

Solution mechanisms

Need to exchange information across
professional boundaries (Hannus et al.,
1995).

Consequent under exploitation of potential
cross-fertilisation of ideas (Jamieson,
1997).

Use virtual teams for multiple projects.

Establish protocols for data ownership,
management and use.

Establish a project information
management role and protocol.

Establish function-based teams to
achieve the deliverables required for each
distinct phase of the process. Minimise the
interdependency of these teams,
maximise the communication channels
and stipulate the information that must be
communicated, how and to whom (parties
and functionaries). Operate via a change
management role for information
management, which also acts as a
communication link between phases (and
to a legacy archive).
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Pre-construction phases (4)

Problem factors

Solution mechanisms

Non-repetitive, complex and dynamic
characteristics of the construction industry
(O’Brien, 1997).

Need to achieve control of the entire
process (Koskela, 1992).

The need for generic process models
(Jamieson, 1997; Whitelaw, 1996; Aouad
et al., 1994; PISTEP, 1994).

Incompatibility of the construction IT.

Establish a generic protocol to allow
process management to be repeated
without constraining the complexity and
dynamic nature of production. Control the
process so that the changes are in product
not process, thereby retaining consistency
of management control. Use controlled
process to enhance capability to
accommodate product changes.

It is essential that the parties involved in
project teams are operating to a
consistent process which requires broadly
similar process capabilities of the various
team members. This will mean that
industry-wide process improvement is
required from the design and construction
process to achieve repeatability and
hence manageability (Hinks et al., 1997).
This means linking the professional
capabilities in the pre-construction phases
as well as the production phase parties,
and linking capability and process
involvement across the phases.

Embody the process and its constituent
roles and activities in clear protocol
guides.

Generic document structures and the
development of an integrated document
data environment (Armstrong et al.,
1995).

Neutral interchange and integration of
documents is needed (Armstrong et al.,
1995).

Data to be systematically gathered from
previous projects (and improved following
feedback) using an appropriate feedback
mechanism — a legacy archive (Hinks et
al., 1997), application of IT for the facilities
management of the building using data on
this project beyond completion (Kohler et
al., 1995).

Application of STEP (Jamieson, 1997;
Armstrong et al., 1995) and object
modelling approaches (Aouad et al., 1994;
Armstrong et al., 1995; Aouad et al., 1993).

Provision of a number of technical and
product-orientated support provisions
which are required.

Continues
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Table 3.1 Continued.

Pre-construction phases (4)

Problem factors

Solution mechanisms

Inconsistency in IT representation of
components and objects.

Data availability (O-Brien, 1997) in the
early stages of the process where
information is unstructured.

Application of STEP (Jamieson, 1997;
Armstrong et al., 1995) and object
modelling approaches (Aouad et al., 1994;
Armstrong et al., 1995; Aouad et al.,
1993).

Representation of processes and objects
requires to be consistent (Armstrong et al.,
1995; Hannus et al., 1995).

A protocol for the process integration of IT
and data.

Application of STEP (Jamieson, 1997;
Armstrong et al., 1995) and object
modelling approaches (Aouad et al., 1994;
Armstrong et al., 1995; Aouad et al., 1993).

A Protocol for the process integration of IT
and data (Lockemann et al., 1995). This to
be supported by a storage, retrieval and
application protocol and mechanism for
information gathered from previous
projects or created for the specific project
to be reviewed and passed on to future
projects (or this project beyond
completion) (Kohler & Bedell, 1995) — a
legacy archive (Hinks et al., 1997).

Support with loading of planning effort to
the pre-construction and pre-project
phases of the process to allow ambiguity
and late stage design changes to be
minimised, thereby allowing greater pre-
production planning and a smoother, more
controllable production phase. Enhanced
predictability of production would allow the
opportunity of prefabrication and
standardisation in the product to be
realised.

Pre-construction phases (5)

Problem factors

Solution mechanisms

Poor project planning (Jamieson, 1997).

Poor process control and definition.

Adopt manufacturing new product
development methods and techniques
(Jamieson, 1997).

Establish process control protocols and
single point authorities for management of
process.

Develop protocols for the evaluation of
process performance and improvement
Jamieson, 1997).

Establish phase review board system
(Cooper, 1993).
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Construction phases (1)

Problem factors

Solution mechanisms

Productivity lags behind that of
manufacturing (Koskela, 1992).

Scope for technical innovations originating
in prefabricated and standardised
products continues to be under-realised.

Focus on errors at source (including
design) using a feedback and review
mechanism in a structured process
involving professional integration. Focus
on JIT philosophy of process improvement
and checking at source rather than quality
programme approach of TQC school
(Koskela, 1992).

Requirement for a consistent process to
accommodate and stimulate the uptake of
product and production innovations.

Focus on people as well as technological
innovation. People are the process
drivers.

Pre-construction phases

Outline conceptual design (phase 4)

Full conceptual design (phase 5)

Co-ordinated design, procurement and full financial authority (phase 6)

Construction phases
Production information (phase 7)
Construction (phase 8)

Post-completion phases
Operation and maintenance (phase 9)

Create a structured protocol for gathering, collating, storing, managing,
retrieving and applying feedback in the product and process to allow an
individual project to benefit from a recording of its own process; and a
longer-term scope to produce learning cycles to improve products, pro-
duction processes and management processes.

Focus on the perspective of process management rather than project
management.

Minimise the process management intervention harmonic by forcing
functional teams to co-operate.

Recognise people as process drivers rather than simply the technological
innovation that drives production.

Make education a continuous effort (Plossl, 1991).

Design the implementation of the new protocol to be incremental and to
embody a continuous improvement paradigm within the Process Pro-
tocol itself (review and feedback).
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e Control the process so that the changes are restricted to the product and
not the process. This would allow consistency of management control to
be retained. Use a consistent and controlled process which would
enhance capability to accommodate product changes.

e Benchmark the process in operation using a set of broad evaluation
criteria (Koskela, 1992). Focus on causes of process and product quality
rather than simply results such as costs.

e Load planning effort to the pre-construction and pre-project phases of the
process to allow ambiguity and late-stage design changes to be mini-
mised thereby allowing greater pre-production planning and a smoother,
more controllable production phase.

e FEnhance predictability of production to allow the opportunity for pre-
fabrication and standardisation in the product to be realised.

e Incorporate a clear protocol for the early addressing of risk and risk
allocation by the stakeholders in the process.

e Ensure an extended involvement of all stakeholders early in the process
and throughout the process, especially those exposed to risk.

Ensure the establishment of a virtual company for the process.
Establish a phase review board comprised of stakeholders with early
process entry to represent the virtual company and to assess phase
progress and adjudicate on process continuation.

e Create a model which is non-specific to a particular industry sector’s
perspective (Jamieson, 1997).

e Develop a model which is generic enough to allow local customisation
to the project, professional and operational circumstance without losing
generality — there should be a high-level set of strategic guidelines.

e Devise a protocol to allow strategic management control without con-
straining flexibility of product or production innovation.

Operation of the Protocol

As a result of considering the conceptual aspects of the process the fol-
lowing aspects were built into the development of the Process Protocol:

e The adoption of a single point of contact who has the authority to
orchestrate the process.

e That the single-point authority should be defined and chosen accord-
ing to capability, not profession. Therefore the process uses multi-
skilled professional virtual teams operating as function-driven process
teams:

Development management
Project management
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Resource management

Design management

Production management

Facilities management

Health, safety, statutory, and legal management
Process management

Change management

e Scope for supple decision-point system (gates) to be consistently hard
(requiring a firm decision for project progression and a recognised and
consistent decision point in the industry process) or soft (which would
allow the focusing of team efforts and facilitate concurrent process
planning and design across decision points which by their nature tend to
vary in certainty and prescription).

Make the process directly observable and plottable (Koskela, 1992).
Embody the process and its constituent roles and activities in clear
protocol guides.

e A defined set of function-driven deliverables for each process phase to be
transparent and simply defined.

e A defined set of deliverable-driven activities. Minimise the amount of
control information required during the achievement of deliverables by
having a clear and transparent set of definitions of deliverables and allow
professional autonomy in the achievement of deliverables. Co-ordinate
using a process management role operating within discrete modular
phases and acting as a management link between phases.

e Develop integration protocols for existing IT and integrated IT and IS to
support and enable process management and process improvement.
Couple production-support IT with process-support IT. Develop IT and
IS which link the professional roles and facilitate capture and re-use of
knowledge in the early stages of the process.

e The concept of a legacy archive in which process phase and process
management information is systematically stored and retrieved as
feedback and process management support information.

e Re-application of project and process information to future projects
using a legacy application tool.

The Process Protocol described

The last section described the conceptualisation of the Process Protocol
based on contemporary problem areas in the construction sector. It has also
set the scene for developing a framework that provides potential solutions
to the issues raised. Here we describe the essential elements of the generic
design and construction protocol.
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Key principles

As aresult of the initial review of the literature and the identification of the
industry’s requirements, the drivers and philosophies, six key principles
were considered to provide the basis for an improved process.They are
drawn heavily from the manufacturing sector where process thinking and
continuous improvement have been focused upon since the 1970s. In
addition, many of the principles relate to recognised problem areas in
construction where significant improvements have been called for (inter
alia Banwell, 1964; Latham, 1994). The six principles are as follows.

(1) Whole project view

In the construction industry the definition of a project has traditionally
been synonymous with actual construction works. As such the pre-
construction and post-construction activities have been sidelined and often
accelerated to reach the next construction stage or to move on to the next
project. The result of this is an insufficient identification of the client’s
requirements and a delayed exposure of the potential solution to the
internal and external specialists. Any contemporary attempt to define or
create a ‘design and construction process’ will have to cover the whole ‘life’
of a project from the recognition of a need to the operation of the finished
facility. This approach will ensure that all issues are considered from both a
business and a technical point of view. Furthermore this approach recog-
nises and emphasises the inter-dependency of activities throughout the
duration of a project and also focuses on the ‘front-end’ activities so that
attention is paid to the definition and evaluation of client requirements in
order to identify suitable solutions.

(2) A consistent process

During the review of existing models and descriptions of the design and
construction process it was quickly established that little consistency
existed. In such an environment, the problems encountered by temporary
multi-organisations (TMO) can be compounded. Luck & Newcombe (1996)
support this view, describing the ‘role ambiguity’ commonly associated
with construction projects.

Development of this generic Process Protocol provides the potential to
establish its consistent application. Through consistency of use the scope
for ambiguity should reduce. This, together with the adoption of a stan-
dard approach to performance measurement, evaluation and control,
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should facilitate a process of continual improvement in design and con-
struction.

(3) Progressive design fixity

The ‘stage-gate’ approach found in manufacturing processes (Cooper, 1994;
see Chapters 1 and 3) applies a consistent planning and review procedure
throughout the process.

Phase reviews are conducted at the end of each phase with the aim of
reviewing the work executed in that phase, and approving progress to and
planning the resourcing and execution of the next phase. Cooper, in his
third generation process, saw the need for ‘conditional-go’ decisions at
phase gates to accommodate aspects of concurrency. This philosophy is
translated in the development of the protocol’s phase gates. Phase gates are
classed as either ‘soft’ or ‘hard’, with the soft gates allowing the potential for
concurrency in the process while ensuring that the key decision points in
the process are respected.

The potential benefit of this approach is fundamentally the progressive
fixing and/or approval of information throughout the process. As Cooper
(1994) states, the discipline of the phase review activity improved the
conventional chaotic, ad hoc approach of manufacturing to which the
construction industry of today could be compared.

(4) Co-ordination

Co-ordination is one area in which construction is traditionally perceived to
perform poorly. This perception is supported by Banwell (1964) and Latham
(1994) in addition to many other reviews of the industry. The need for
improved co-ordination was also highlighted by the interviews with senior
managers undertaken during the research project.

It is therefore proposed that co-ordination of the Process Protocol is
undertaken principally, by the process and change management activity
zones. Appointed by the client, the process manager will be delegated
authority to plan and co-ordinate the participants and activities of each
phase throughout the process. The actions of the process manager are
supported by the change manager through whom all information related to
the project is passed. In this role the change manager acts as the official
interface both between the activity zones in the process and ultimately
with the legacy archive.
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(5) Stakeholder involvement and teamwork

It has been recognised in the manufacturing industries that the establish-
ment of multi-functional teams in a development process reduces the
likelihood of costly changes and production difficulties later on by
enabling design and manufacturing decisions to be made earlier in the
process.

(6) Feedback

The phase review process facilitates the recording, updating and use of
project experiences. The creation, maintenance and use of a legacy archive
will aid a process of continued improvement in design and construction.

The Process Protocol elements

The Process Protocol model is presented in Figs 3.1 to 3.4. Essentially the
model breaks down the design and construction process into ten distinct
phases. These ten phases are grouped into four broad stages, namely pre-
project, pre-construction, construction and post-construction. These are
described below.

Pre-project stage

The pre-project phases relate to the strategic business considerations of any
potential project which aims to address a client’s need. Throughout the pre-
project phases the client’s need is progressively defined and assessed with
the aim of:

(1) Determining the need for a construction project solution.
(2) Securing outline financial authority to proceed to the pre-construction
phases.

In currently acknowledged models of the design and construction process
(inter alia RIBA, 1980; British Property Federation, 1983; Hughes, 1991
provides a comprehensive review) and recently published client-focused
guides (CIRIA, 1995) this stage of a project is given scant consideration
compared to the latter stages. However, these models assume that when
approaching the construction industry, clients have already established ‘the
need’. While there is little evidence to suggest this is not the case, it would
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seem reasonable to assume that the knowledge possessed by speculative
building developers and consultants could assist any client in these early
stages of a project. The problems associated with the translation of this need
through the conventional briefing stage of design (O’Reilly, 1987) could be
substantially eliminated via such an approach.

Pre-construction stage

With outline financial approval obtained the process progresses through to
the pre-construction phases where the defined client’s need is developed
into an appropriate design solution. Like many conventional models of the
design process the pre-construction phases develop the design through a
logical sequence with the aim of delivering approved production informa-
tion. The phase review process, however, adds the potential for the pro-
gressive fixing of the design, together with its concurrent development,
within a formal co-ordinated framework. Progressive fixity should not be
confused with ‘design freeze’ although to some this may be a desired aspect
of the process. The major benefit of the fixity of design is the potential for
improved communication and co-ordination between the project’s partici-
pants as they pass through each phase. Given the dynamic market condi-
tions which influence many construction clients’ decisions, the need for
flexibility must be addressed by the industry.

At the end of the pre-construction phases the aim is to secure full
financial authority to proceed. Only upon such authority will the con-
struction phase commence and this decision will be easier to make where
the extent of the works and the associated risks can be readily understood.

Construction stage

The construction phase is solely concerned with the production of the
project solution. It is here that the full benefits of the co-ordination and
communication earlier in the process may be fully realised. Potentially, any
changes in the client’s requirements will be minimal as the increased cost
of change as the design progresses should be fully understood by the time
on-site construction work begins.

The ‘hard gate’ that divides the pre-construction and construction phases
should not prevent a ‘work-package’ approach to construction and the
associated delivery time benefits this brings. As with all activities in the
process, where concurrency is possible it can be accommodated. The hard
and soft gates that signify phase reviews merely require that approval is
granted before such an activity is carried out.
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Fig. 3.3 Construction section of the Process Protocol.

Post-construction stage

Upon completion of the construction phase, the Process Protocol continues
into the post-construction phases which aim to continually monitor and
manage the maintenance needs of the constructed facility. Again, the full
involvement of facilities management specialists at the earlier stages of the
process should make the enactment of such activities less problematic. The
need for surveys of the completed property, for example, should be avoided
as all records of the development of the facility should have been recorded
by the project’s legacy archive.



Case Study: the Generic Design and Construction Process Protocol 81

Fig. 3.4 Post-construction section of the Process Protocol.

The Activity zones

The earlier involvement of the project’s participants throughout the pro-
cess is a significant development of the conventional approach to build-
ing. Traditionally, a construction project’s participants are referred to by
their professional or expert status. Ball (1988) demonstrates how this may
be attributed to the inherent class relations associated with each of the
professions and expert groups. As with all class distinctions, the effect of
this basis for organisational structure in design and construction is
division.
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A consequence of this traditional approach, in which even the more
recent forms of contract procurement (design and build, management
contracting, etc.) are included, is the poor communication and co-
ordination commonly associated with construction projects.

The participants in the Process Protocol are referred to in terms of their
primary responsibilities and are represented on the y-axis of the process
model. It is recognised that traditionally, project to project, organisational
roles and responsibilities change resulting in ambiguity and confusion
(Luck & Newcombe, 1996). By basing the enactment of the process upon
the primary responsibility required, the scope for confusion is potentially
reduced and the potential for effective communication and co-ordination
increased. The Process Protocol groups the participants in any project into
‘activity zones’. These zones are not functional but multi-functional and
they represent structured sets of tasks and processes which guide and
support work towards a common objective (for example, to create an
appropriate design solution).

A single person or firm can carry out an activity zone in small projects but
in large and complex projects an activity zone may consist of a complex
network of people and relevant functions and/or organisations. Since they
are multi-functional, membership of the ‘zones’ is determined by the
specific project task and/or process. For example, design management often
has important input in the production management and facilities
management activity zones amongst others, and vice versa.

Of the activity zones associated with the model, not all will be discussed
here in detail. (Further details can be found in the Appendix.) Most of the
zones are self-explanatory. However, the role of the process/change man-
agement and development management activity zones will be described as
they present a significant departure from the conventional view of the
design and construction process.

Development management

The development management activity zone is fundamentally the client/
customer for the potential project. In the Protocol scenario, it is ultimately
responsible for the success or failure of the project. Representing the major
stakeholder in the process, it has an important role. It is via the brief pre-
pared by the development management that the client/customer’s needs
are presented and ultimately interpreted. The development management is
the only constant ‘player’ in the process. All other activity zones potentially
consist of a dynamic membership as the needs of the project develop
throughout the process. The extent to which the other participants in the
process, particularly the process management, have authority to proceed is
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delegated by the development management. It is they who will ultimately
review the work of the project’s participants and sanction progress or
cessation.

Development management is responsible for creating and maintaining a
business focus throughout the project which satisfies both relevant orga-
nisational and stakeholder objectives and constraints. For example, a pro-
posed speculative office development needs to satisfy the developer’s
objectives (say, return on capital) and constraints (say, available finance) as
well as fulfilling other stakeholder considerations (say, compliance with
prevailing planning concerns).

Project management

The responsibility for the effective implementation of the project to agreed
performance measures rests with the project management activity zone. It
is an agent of the development management activity zone for achieving
their business and project requirements as set out in the business case and
project brief.

The project management role is fairly well defined within the construc-
tion industry as traditionally those persons or parties who are responsible
for the implementation not only of the project but of the ‘process’ as well.
Although this method has proved to be effective in some circumstances it
lacks predictability as the ‘process’ depends on the methods and beliefs of
the project manager. The Process Protocol places the project management
role within the framework of the design and construction process.

Typical responsibilities of the project management activity zone will
include identification of project activities and deliverables; formulation of
effective project execution plans; co-ordination of the project team towards
satisfying the requirements of the client; having an input to the majority of
the project deliverables; and liaising with process management throughout
the process.

Resources management

Resources management is responsible for the planning, co-ordination,
procurement and monitoring of all the financial, human and material
resources of the project. Although the overall project budget is decided by
development management, resources management is responsible for
ensuring that all cost estimates and purchasing of goods and services are
consistent with the requirements set by project management.
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Design management

Design management is responsible for the design process which translates
the business case and project brief into an appropriate product definition. It
guides and integrates all design input from other activity zones.

Production management

This activity zone is responsible for ensuring the optimal solution for the
buildability of the design, the construction logistics and organisation for
delivery of the product.

Facilities management

Facilities management is responsible for ensuring the cost-efficient
management of assets and the creation of an environment that strongly
supports the primary objectives of the building owner and/or user.

Health and safety, statutory and legal management

Health and safety, statutory and legal management is responsible for the
identification, consideration and management of all health and safety,
statutory and legal management aspects of the project.

Process/change management

The process and change management activity zones are essentially the
interface between the development management and the other project
participants. Process management has a role independent of all other
activity zones. A distinction must be made between this conventional view
of a project manager and the process management role. Process manage-
ment, as the title suggests, is concerned with the enactment of the process,
rather than the project. Key to the success of each phase in the process is the
production of project deliverables (reports and documentation associated
with each phase). In this respect the process management is responsible for
facilitating and co-ordinating the participants required to produce the
necessary deliverables. Acting as the development management’s ‘agent’ it
will ensure the enactment of each phase as planned, culminating in the
presentation of the deliverables at each end of phase review.
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The change management function is further distinct from the process
management zone as this role solely concerns (as its name also suggests) the
management of change(s) which occur during the process. As the project
becomes increasingly defined as each phase is enacted, changes (or rather
updates) to the information required for the development of the project will
be produced. These updates will be contained within the work required to
develop the deliverable documentation associated with each phase. With
respect to this, the change management (CM) activity zone facilitates the
holding, review and dissemination of all this information as the project
progresses.

It is within the change management function that IT potentially plays a
fundamental role. Given the vast amount of information generated
throughout a project’s life cycle (Aouad et al.,, 1994) and the need for its
quick and effective dissemination, IT may offer a suitable solution. How-
ever, the need for judgement and discretion, especially in the earlier
strategic phases of the process, will always involve the development
management’s intervention and this alone is likely to prohibit the use of IT
as a total solution.

Deliverables

Each gate of the Process Protocol represents a decision-making point and
the decisions are based primarily on deliverables — documented project and
process information. They are compiled by project management to form the
phase review report which includes all the deliverables specific to the phase
and as they are defined by the Process Protocol for the specific project. This
phase review report forms the basis for the client body (i.e. development
management) to make a decision concerning the future of the project.
The deliverables are ‘live’ documents which change throughout the
majority of the process. They can be in one of the following states:

(1) Initial: preliminary information is presented.

(2)  Updated: current information is updated.

(3) Revised: major changes/decisions will significantly alter the content
and context of the deliverable.

(4) Finalised: the information presented is agreed and it is unlikely to
change throughout the duration of the project.

The Process Protocol includes a number of likely deliverables which are
briefly outlined below.

e Stakeholder list: Stakeholders are those persons and/or organisations
whose views, interests and/or requirements can have an impact on or
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are impacted by the initiation and/or formulation and eventual imple-
mentation of the project solution. When a large number of stake-
holders are considered they might be prioritised to illustrate their
importance and involvement from a client’s perspective in the pro-
posed project.

Statement of need: The client’s needs should be clearly identified and
defined as the project progresses to include a greater amount of detail.
This deliverable should aim to provide the project team with a succinct
indication of the clients’ reasons for the potential project.

Business case: The business case should consider the risks, costs and
benefits associated with any proposed solution from a number of per-
spectives related to finances, product/service and customers.

Project execution plan: This deliverable will have to illustrate a clear
understanding of the requirements of the project execution. This will
potentially improve the chances for the successful implementation of
the project. Together with the rest of the deliverables, the project
execution plan (PEP) is a ‘live’ document which changes in content
primarily as a result of design changes for the project solution.

Process execution plan: In relation to the PEP, the process execution
plan focuses on the project process requirements that will potentially
increase visibility and enable the production of the respective phase
deliverables for submission at the phase review meeting.

Performance management report: The effective implementation and
monitoring of any project will have to depend on effective performance
measurements which form the performance management report. The
measures applied to the project will be of a diverse nature including
financial and technical as well as human resources, materials handling,
IT use and utilisation, etc.

Communications strategy: Effective communications can potentially
reduce lead times, improve quality and ensure accurate and prompt
informing of everybody involved in the project. The communications
strategy report should clearly indicate the means of communicating for
the project team. This might include the use of AutoCAD, email,
intranet, etc.

Procurement plan: The success or failure of a project could depend on
providing the right resources at the right time and at the right location.
Indeed, the procurement of services, products, finance and programme,
almost irrespective of the method used, could have a great influence on
the project’s outcomes.

CDM assessment: The Construction (Design and Management) Regu-
lations (1994) place new duties on clients, planning supervisors,
designers and contractors to plan, co-ordinate and manage health and
safety through all stages of a construction project. Since it is the client’s
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responsibility to comply with the CDM regulations, provisions for
reporting on those issues should be made.

e Project brief: This document should mainly identify the scope of the
project and more specifically that of the proposed solution(s). For the
majority of the process the project brief remains a ‘live’ document.

e Design brief: The design brief should document the different project
solutions prior to the enactment of the feasibility studies. The infor-
mation presented should be used to form part of the initial project brief
and the updated business case.

e Concept design plan: This should include the results of the feasibility
studies with an identification of the proposed project solutions, likely
timescales and resources necessary to carry out the work.

e Outline concept design: This deliverable will include the final site for
the construction of the project solution(s). It aims to inform the business
case with regard to the form, function, specialist requirements and
programme likely to be associated with the proposed solution(s).

e Full concept design: It should identify the major design elements of the
proposed solution and should be architecturally detailed so that a sub-
mission for detailed planning approval can be made.

e Product model: The product model should include all the major design
elements of the single solution so that the detailed design work can be
carried out. It can be presented as co-ordinated - structural, mechanical
and electrical components should have a high level of technical detail
with corresponding specifications for the major design elements; and
operational — the design is represented in terms of work packages so that
construction works can begin.

e Cost plan: The cost plan presents the potential and actual costs for the
construction project such as cost/benefit analyses, cash flow require-
ments and value engineering.

e Maintenance plan: The maintenance needs of the finished facility/pro-
ject should be considered.

e Production process map: In cases where the production of the project
solution is phased the production process map should indicate the
phasing strategy such as timing and resources.

e Hand-over plan: When the facility is handed over to the operation and
maintenance teams the hand-over plan should include as-built drawings,
services and operations information, commissioning information, etc.

In addition, a deliverable which is inherent to the whole of the Process
Protocol is the risk study/assessment which should be undertaken at every
phase and its outcomes considered at every gate to ensure the seamless
continuation of the project. Those risks identified can be further prioritised
and contingency plans put in place to overcome or minimise them.
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Legacy archive

The Process Protocol aims to utilise IT and communication technologies to
ensure the timely storage, transfer and retrieval of project information
throughout the duration of the project’s life cycle. The legacy archive is a
‘live’ communications link which does not just facilitate co-ordination on a
project-based environment but offers the opportunity of learning from
previous project successes and/or failures. Such tools are now available and
have been discussed in Chapter 2.

IT and the Process Protocol

A fundamental part of the process is its accompanying IT map. The Latham
Report (Latham, 1994), which was one of the main catalysts for the process,
focused upon the fragmented nature of the industry and poor communica-
tion between the parties working on a construction project. It is acknow-
ledged that in order to achieve the many potential benefits that will come
with the improved Process Protocol and to eradicate the poor commu-
nication between parties involved, there needs to be a significant use of IT
to support it (Aouad, 1997).

The IT map (see Fig. 3.5) is a ‘vision for the future’ of the use of IT in the
construction industry and covers all the stages of the design and con-
struction process identified in the Process Protocol, from establishing the
need for a project to the operation and maintenance of a building.

Although there are many other ‘vision for the future’ pieces of research in
this area the majority are mainly concerned with the latter stages of design
and construction. The recent developments in IT technology in areas such
as VR and 3D modelling which support rapid prototyping are an essential
part of the process and hence are illustrated in the map.It is essential that
the use of IT is set in the context of the whole design and construction
process — both the front-end pre-project stages and the later production and
post-completion stages. Indeed the industry must move more rapidly
towards intergration of the technologies.

The use of technology during the process

At the pre-project stage of the process, phases zero and one, there is one
main question being asked: ‘Do we need a building?’ To provide the answer
to this question simulations should be utilised. This can be either a numeric
or a visual format and should use tools such as VR, 3D modelling and
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economic analysis tools with the required data being obtained from an
archive of previous projects.

During phase two — outline feasibility — a product-based case-retrieval
system is recommended for use and this again could utilise data from an
archive of previously undertaken projects in order to give a basic cost for the
various project options.

Phase three, which is the substantive feasibility study, Al tools such as
neural networks, knowledge-based systems and case-based reasoning could
be used as an aid to enhance creativity in the initial production of the design
while multi-media applications can help ease the distribution of informa-
tion to laypersons such as the client.The second stage, the pre-construction
stage, incorporates all the design stages, i.e. outline conceptual design, full
conceptual design, co-ordinated design and also product information. At
this stage a design needs to be established that fulfils the requirements
identified in previous feasibility studies.

At the outline conceptual design phase the use of Al tools is continued
from the previous feasibility phase as this area again can utilise the
creativity enhancement properties of these tools.

During the full conceptual design and co-ordinated design phases the IT
map recommends the use of cost-planning applications in order to ensure
that design and construction costs do not exceed the budget.

Also during these stages VR, 3D modeling, 2D CAD and constructability/
usability modeling tools are shown. The VR, 3D modeling and 2D CAD are
used in the production of the design and design drawings. VR can also be
used along with the constructability/usability modeling tools to see if the
design is free from ‘errors’ by utilising features such as clash detection, and
can help establish whether the building will be fit for its purpose once
constructed.

A project planning application is shown at the co-ordinated design and
product information stages, the purpose of which is the production of the
project plan.

Stretching from construction stage phase seven (product information) to
phase eight (construction) are four IT application areas. These are as
follows:

e 3D modeling and VR which is situated at the project board and business
case functions. These applications are used here as visualisation tools for
board members and higher management of the contractor and/or client
so that they can interrogate the VR or 3D model for detailed information
on individual elements of the building, see and monitor the progress of
the project and interrogate the model for cost information.

e Progress reporting and as-built model generation, situated at the cost
control function. This would most probably be used by the client and
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could also use VR or 3D modeling tools but would most probably utilise
a generic accounting package or a project planning application that has
good costing and progress monitoring facilities for the progress reporting
and VR or 3D modeling for the as-built model generation.

e Cost control and project planning, situated at the design and construc-
tion function. This would most probably be used by the contractor and
would utilise generic accounting packages and project planning appli-
cations to undertake cost control and planning of the project respec-
tively. Two application areas at the construction stage phase eight
(construction) and post construction stage phase nine (operation and
maintenance) are shown on the IT map (see Fig. 3.5). At the design and
construction and production functions robotics is shown which could be
used for various construction and maintenance activities such as the
positioning of pre-cast concrete flooring, the erection of cladding for
building inspections and repair of various parts of the building, and
cleaning.

For production and facilities management functions a resource manage-
ment application area is shown. This would probably be a generic facilities
management package that would assist in the running and maintenance of
the building after construction.

In addition to the process-specific application areas the IT map identifies
various IT application areas that should be used throughout the whole
process protocol.

The five areas identified are as follows:

Electronic data interchange (EDI).
Inter/intranet applications.
Document management systems.
Artificial intelligence.

Integrated databases.

These IT application areas are designed to be used throughout the Process
Protocol in order to exchange information and support communication
between all those involved in the project.

Electronic data interchange (EDI) and inter/intranet applications such as
email, groupware and World Wide Web applications will help improve
communications not only between the main parties involved in the project
such as contractor, client and architect but also between, for example,
suppliers and various legislative organisations. This improvement should
therefore provide better co-ordination and management of the project.
Document management systems could also help with communications as
correspondence between the parties involved in the project such as faxes,
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EDI invoices and email could be stored and retrieved at a later date for the
settlement of claims.

The use of Al could help in various areas of the process. Technologies
such as neural networks, case-based reasoning and knowledge-based sys-
tems could provide decision support systems that can manage and auto-
mate various processes within the protocol.

Concluding the process-wide IT applications, the use of integrated data-
bases would allow the sharing and exchange of information between all
parties involved in the project. An integrated database combined with the
other technologies for communication and AI would provide a very
powerful tool that could automate numerous processes such as project
planning and bill of quantities generation.

As mentioned previously this is a vision for the future, i.e. a long-term
objective, as various technologies mentioned are unlikely to become
accepted and used by industry until further research and development has
been undertaken on them.

Aouad (1997) suggests that when IT usage is similar to that shown on the
IT map, it should be possible for the client to walk through and interrogate
various aspects of the designed building, such as cost and specification
using VR and also the information stored in the integrated database. It could
be possible for the project manager to select the most appropriate pro-
curement path using neural networks techniques. The designer could be
able to select the most suitable design using case-based reasoning techni-
ques from information stored within the legacy archive of the integrated
intelligent database. With the use of the intelligent integrated database and
improved communication applications the information flow between
applications and project participants would be transparent and the data
would remain unduplicated and uncorrupted.

Postscript: the development of sub-processes and a toolkit
Process Protocol level 2

Industry interest and acceptance of the framework provided the impetus for
further research under the Process Protocol level 2. The first project con-
centrated on the high-level protocol and the second aimed to develop the
sub-processes of the eight activity zones that exist within the original
generic design and construction Process Protocol model. These sub-process
maps provide an increased level of detail and description compared to the
existing Process Protocol map. This section describes the methodology used
to develop the sub-processes and explains the reasons for developing a
bespoke modelling methodology rather than using the standard process
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modelling techniques. The methodology enables all of the information
relating to the sub-processes to be represented as a series of process maps
and when viewed holistically presents an integrated generic decomposition
of the processes on the high-level map.

Sub-process map definition

A key requirement of the sub-process maps was that prior understanding of
process modelling techniques should not be a prerequisite to understanding
them. Process modelling tools such as the IDEF family were considered but
were felt (as before) to be too complex for certain members of the targeted
user group. The key was in the representation (Cheung, 1998) of the process
and it was felt that none of the tools available met the project’s require-
ments. Therefore it was necessary to develop an original process map
template.

Visio Professional was used to design and create the sub-process maps.
Visio had the ability to attribute information to objects within its diagrams
and store this information within its own database. This led to the possi-
bility of exporting data to other applications thus increasing the usefulness
of the maps and perhaps assisting the process toolkit which was another
primary deliverable of the project. The number of maps in a series is
dependent on the level of detail attributed to a process and the number of
processes in the activity zone.

A map was created that represented all of the information the project
required. It was formally presented to the project partners and con-
ditionally approved. Feedback about the map’s format was received and
internal development workshops were held to refine the map. Issues
arose from the workshops regarding the modelling of the sub-process
maps. There was a lack of information relating to the different levels of
process modelling; for instance, the criteria used to distinguish between a
level 2 and a level 3 process were not stated. It was decided that this dis-
tinction is a subtle one and relies on the experience and judgement of the
process modeller.

The map produced was discussed and the consensus was that it needed to
be simplified. The content of the maps was becoming complex and methods
to reduce this complexity while still showing all the detail required were
considered. A decision was made to only show level 1 deliverables.

Processes that were common to all or some of the activity zones were
beginning to be identified and considered as generic process components.
An issue that remained unsolved was how to illustrate the interaction of
these intra-activity zone components. Process inputs and outputs were
indicated at this stage by an arrow-headed line and labelled.
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Information structure on the maps

A further workshop was held. Debate focused on the distribution of the
content of the maps with respect to the validity of the content and whether
it appeared at the correct phase and in the correct sequence. The detail of
the level 2 and level 3 processes was considered as was the level in which
the process should belong: should the process be moved up to level 2 or
down to level 3 or excluded completely? This allowed the team to fami-
liarise themselves with the content of the maps.

This workshop saw the introduction of phase grouping. Previously it had
been noted that activities were often repeated through several phases.
Therefore in order to simplify the content of the maps and to avoid repe-
tition activities were grouped together logically. Whether these processes
occurred at the beginning of a phase, during a phase or at the end of a phase
would determine the standard group in which they would reside. A further
workshop was held which was notable for two main outcomes. The first
introduced the principle of process ownership. All of the processes would
have an activity zone having overall ownership of a process to ease the co-
ordination of a process. The second was the introduction of a new process
symbol that illustrated which activity zones were participants in the pro-
cess/sub-process. This solved the problem of how to show intra-activity
zone processes. A single glance would now indicate the origin and owner-
ship of a process and what activity zones participated in the process thus
validating activity zone interfaces. It was agreed to incorporate the new
symbol on to the developing process map template together with the
activity groups.

An industrial workshop was held to gain industrial validation of the sub-
process maps. This workshop considered the modelling rules and conven-
tions used to define and model the high-level processes into sub-processes.
A total decomposition modelling technique was adopted to illustrate the
decomposition of a process and its sub-processes. Logical dependency is
represented between processes when it exists.

Modelling rules

The aim of the modelling work is to provide a visual representation of the
sub-processes of the activity zones of the Process Protocol map. This is
achieved by illustrating ‘what’ are the sub-processes of the high-level pro-
cesses identified in the Process Protocol map and 'how’ these sub-processes
interact. As a result it will be possible to provide models for individual
phases.
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Modelling conventions

The main convention types used for the modelling of the sub-processes of
the Process Protocol map include:

Phase start-up activities.

Map title including phase number, phase title and activity zone name.
Three process levels, to include a generic top level and two subsequent
levels that represent the decomposition of the top-level processes.
Ongoing activities.

End of phase activities.

Lexicon.

Map title block including author, version, phase number and title, etc.

The phase start-up, ongoing and end of phase activities are illustrated on
separate process maps. They represent activities common to many activity
zones and represent activities undertaken for most phases.

Process representation

The processes and sub-processes are denoted by using the symbol shown in
Fig. 3.6 which includes:

e Process owner(s).
e Process name (potentially including some description for clarification
where required).

Activity zone(s) which own the process,
irrespective of level

Process owner(s)

Process name

Dev Proj Res Des

Prod FM H&S Proc

Participation from other activity zone(s)

Fig. 3.6 Process symbol.
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e An indication of likely/potential participation from other activity zones
in the process.

Furthermore, inputs and outputs from a process can be shown as illustrated
in Fig. 3.7.

Process
input : Process name Output :
Dev Proj Res Des
Prod FM H&S Proc

Fig. 3.7 Inputs and outputs to the process.
Inputs

For clarity, inputs to a process are only shown where they form a logical
dependency from another process at that level on the same diagram. All
other inputs from different phases or activity zones are not shown but are
traceable through the modelling database.

Outputs and deliverables

All processes by definition have an output. Some of these can be called
‘deliverables’ where the information is in a form (or document) that should
be named for easy reference and use in other processes. The maps only
illustrate the level 1 deliverables for simplicity and space purposes. The
outputs from all level 2 and 3 processes will be included in the modelling
database.

Process levels

The maps contain three levels that are independent in that there are no
interactions between them. These are defined as follows (see Fig. 3.8):

e Level 1 contains high-level processes and their deliverables as identified
in the Process Protocol map.
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Fig. 3.8 Process level and decomposition.
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e Level 2 contains the sub-processes of the main process at level 1 (i.e.
what the level 1 process consists of) and how those sub-processes
interact with each other (i.e. how the level 1 process is undertaken).

e Level 3 contains the sub-processes of the processes at level 2 (what the
level 2 processes consist of) and how those sub-processes interact with
each other (how the Level 2 processes are undertaken).

Other attributes related to the process levels include:

The three levels are separated by black lines.

A single line connects a process at one level with its group of sub-
processes at the level below to denote decomposition as shown in Fig.
3.8.

e Processes can have a logical dependency within a level and this is shown
by an arrow as illustrated in Fig. 3.9.

e The participation in a process is shown in the table at the bottom of the
process symbol and where such participation does not occur the
respective table cell will be knocked back, i.e. appear faded in relation to
the other cells.

Logical dependency

Process Process
Process name Process name
Dev Proj Res Des Dev Proj Res Des
Prod FM H&S Proc Prod FM H&S Proc

Fig. 3.9 Logical dependency.

Once the decomposition of the Process Protocol down to level 2 and 3 was
complete there were over 1000 processes defined and it became obvious
that an IT support tool was necessary to support the modification and
adaption of the generic process to specific projects. Therefore an IT support
tool was developed.
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Process support: the Process Protocol toolKkit

The Process Protocol toolkit is a software tool to help the construction
industry to adopt the Process Protocol and to enable effective project
information management and knowledge-sharing between projects based
on a consistent framework. This is achieved by demonstrating and com-
municating the underlying principles and philosophies of the Process Pro-
tocol framework. The toolkit is composed of two major components: the
process map creation tool and the process management tool.

Process map creation tool

The process map creation tool is a process-mapping knowledge tool speci-
ally designed for the creation of the project process map based on the Pro-
cess Protocol framework. It automates the map creation process and guides
the user who might lack knowledge of the Process Protocol to create a
project process map at the early stage of a project. Users will be able to tailor
and customise the process map to suit their own project and company
requirements while having access to the template and default features that
demonstrate the knowledge derived from previous projects and the Process
Protocol framework.

To some extent the process map creation tool is similar to many process
modelling tools that have been available on the software market for years.
Many companies have adopted a process-orientated view of their business
operation, replacing the traditional functional viewpoint to achieve a better
integration of operation. However, the aim of the process map creation tool
is to create not only a process model but the basic information structure
derived from the Process Protocol framework. It enables the production of a
project process map based on the generic Process Protocol framework and it
can be used across different projects. There are three major components in
the tool: main creation tool, generic processes data store and project process
data store.

The main creation tool provides the functions for data retrieval, map
creation and map customisation for different projects. Users will be able to
define their processes and create the project process map by referring to the
generic processes provided by the Process Protocol. All the generic pro-
cesses developed are stored in the generic process data store built according
to the Process Protocol data model. The project process map created by
users is stored in the project process data store which becomes the basis of
the process management tool.

Figure 3.10 is a screenshot of the prototype of the process map creation
tool. It is a standalone Microsoft Windows application developed using the
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Microsoft Visual Basic programming tool. Its interface consist of three main
parts.

e Process tree

On the left side of the window the process tree is used in a similar Windows
file explorer style to show the decomposition structure of the process map.
Processes in three different levels are represented in a process tree hier-
archy. Processes in the process tree can be selected by mouse click and the
corresponding process in the process map will be highlighted. In Fig. 3.10
the process ‘Update Financial Factors’ is selected and the same process is
highlighted in the process map.

e Process map

The process map is a visual representation of the Process Protocol map and
interacts with the process tree on the left. Processes in different levels are
represented in different colours on the screen (Fig. 3.10).

e Process details

All the information associated with each process is shown in the process
details dialogue box. It includes name, process level, process owner,
description, phase and type. Figure 3.10 shows the detailed information of
process ‘Update Financial Factors’.

Process management tool

The process management tool is a knowledge-based project information
management system which integrates the process model as its core infor-
mation framework. We have identified the requirement of the process
management tool which should provide:

e Knowledge capture functionalities such as document/drawing publish-
ing to record project activities and archive project documentation based
on the process frame created by the process creation tool.

e Knowledge development functionalities using data mining or OLAP
techniques to analyse the project information in order to identify the
information pattern, potential conflict such as potential resource issues
on site, optimised construction programme and construction process
simulation for possible crash detection.

e Knowledge sharing functionalities such as messaging service, email
notification and document sharing.

e Knowledge utilisation functionalities such as web-based interface, per-
sonalised project information page for each user and fast search tool for
document or information retrieval.
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In such a knowledge-based environment teams can reduce costs and save
time as they gather and disseminate information throughout the project life
cycle. Furthermore, the integrated project process map will become the
route map to help and guide the project management team to monitor and
track project progress, documents and other factors. The centralised project
information can be retrieved for future projects where the knowledge cap-
tured and stored can be used to inform decision-making and value
engineering.

The proposed process management tool has some attributes currently
found in some web-based project management systems — also called project
extranet — which since 2001 have grown rapidly in the UK. Over 1500
projects with a total capital value of more than £20 billion are now managed
by web-based project management systems. (See the Appendix for a list of
such tools).

The main function of a project extranet is to share project documents and
the current systems are now not only allowing the sharing of documents
through the network but are also enabling users to view most formats of
computer files without installing any extra software. Moreover, users are
able to mark up (redline, comment) and make revisions which become a
part of the original document. A project extranet is also a restricted network
for the project team with every user identified by user ID and password. It is
therefore possible to automatically track and log the activities of individual
users and see, for example, who made what comment or who viewed or
modified a particular file. It is also possible to introduce the project hier-
archy and assign different access levels to ensure that information is seen by
the right group of users.

Another important advantage of project extranet is that all the project
participants have access to the most up-to-date versions of project infor-
mation. This will, in theory, significantly reduce the expensive mistakes
caused by someone working on out-of-date information which are quite
common in the construction industry. Furthermore, the cost of sending and
printing the project documentation will be reduced since most of the
documents are exchanged electronically. However, the current systems are
mainly concentrated on storing and indexing the project documents and
sharing the documents via the Internet. The major benefit of the proposed
process management tool is in using the construction process as a know-
ledge/information framework to capture project information, making it
possible to reuse or analyse such information for future projects.

Summary

The principles of the Process Protocol can be summarised as a model cap-
able of representing the diverse interests of all the parties involved in the
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process, which is sufficiently repeatable and definable to allow IT to be
devised to support its management. The simplicity of the Protocol allows it
to be interpreted and applied at a variety of strategic levels across a variety
of scales of project using combinations of virtual teams and IT systems,
offering clarity in terms of what is required from whom, when and with
whose co-operation; for whom the requirements are to be delivered for what
purpose; and how they will be evaluated (through the phase review board).

Other underlying principles of the Process Protocol are the standardisa-
tion of deliverables and roles associated with achieving, managing and
reviewing the process and the product and the introduction of organisa-
tional and industry-wide co-ordinating process improvement programmes
that incorporate facets of process and IT/IS capability, all of which are based
in a philosophy of the early entry of stakeholders and functionaries with an
emphasis on the design and planning to minimise error and reviewing
during the construction phase.

The Process Protocol is divided into a series of sub-phases defined as pre-
project, pre-construction, construction and post-construction and within
each of those major phases there are sub-phases which can be operated
concurrently or concentrated to make the process more efficient in smaller-
scale projects.

Novelty arises within the Process Protocol in a number of areas, in par-
ticular:

e The extension of the boundaries of the design and construction process
into the requirements capture phase of pre-briefing client decision-
making.

e The extension of the boundary of the process beyond practicable com-
pletion to allow the management of use and the learning from perfor-
mance in use to improve the product and process for future projects.

e The creation of an explicit process management and change manage-
ment role to co-ordinate the functionaries and deliverables associated
with the process, the information that supports the functional roles and
a stable platform to allow innovations in process and products and
operations to be facilitated in a co-ordinated and repeatable manner.

This chapter has by its description of the development of the Process
Protocol and its supporting IT given an insight into the work necessary to
develop consistent processes for the management of design and construc-
tion projects. This work provides a starting point on which to build
approaches for the industry using reference to manufacturing. Chapter 4
provides and insight into the issues related to introducing process
management into the construction industry.



Implementation Issues

‘Companies often feel helpless in the face of rapid changes in
technology, competitive structure, or market demands. Many look
as if they have lost their intensity; their focus, even their will to
compete. .. Redefining the fundamental philosophy and structure
can seem like trying to change the course of an ocean liner by
swimming alongside and pushing it... Fundamental change can
and must be made through a succession of mutually reinforcing
measures. And not only the results of change but the process itself
can be exhilarating.’

(Deschamps & Ranganath Nayak, 1995)

The introduction of any technique, process or technology into an organi-
sation or an industry requires careful consideration and planning. All too
often a ‘flavour of the month’ management issue is embraced with gusto
and implemented by senior management using a management guru or
consultancy to impose new ways of working on a reluctant workforce. This
often results in failure or marginal take-up. In considering the imple-
mentation of a process management approach to design and construction it
is important to understand the implementation issues and the barriers that
may arise. This chapter uses the knowledge gained through the develop-
ment of the Process Protocol and, by looking at its implications for a
number of construction projects (one is used in this chapter as a case study),
highlights the requirements that must be considered before a process
management approach is applied to design and construction. The chapter
goes on to discuss how a process map such as the Process Protocol can be
used for the integration of additional issues facing the industry such as
sustainability, standardisation and modularisation (see Fig. 4.1).
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Section Themes

Implementation issues The key issues which underpin
implementation and take -up

The implementation of process
management at Britannia Walk

Future uses of the process

What else for the industry

Fig. 4.1 Chapter map.

Implementation issues
Culture

As with much of the research in the construction industry today, some of
the problem factors which were identified during the development of the
Process Protocol especially in the pre-project phase of existing design and
construction processes were issues relating to the culture of the construc-
tion industry and the interpretations of this culture by the client body:
that there is a culture which is not homogenous across the entire
industry, and that there are sub-cultures and organisation cultures within
a wider industry which is in general slow, or indeed resistant, to change.
This is also a culture which, post-Latham, many of the industry’s leading
bodies were working very hard to try to change and in the mid-nineties
there did indeed appear to be a desire for change towards a more co-
operative, less confrontational culture, hence the introduction of partner-
ing relationships. This was seen as being a potential advantage for the
introduction of a unifying Process Protocol. Indeed there needs to be both
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a push and a pull, from within an organisation and within a project, for a
process to be adopted into a culture. Understanding and recognising the
need for a culture change is crucial to the implementation and adoption
of new process approaches.

Application

Implementation of a process such as the Process Protocol must recognise
the need for adaptation to particular circumstances. Indeed it was also
appreciated that there was no single best way to control all design and
construction circumstances and that a generic protocol would not be uni-
versally applicable or universally applied. Rather, as a high-level process, it
was intended that a generic and adaptable set of principles would be used
and which would be designed for consistent application in a repeatable form
but with the scope for attunement for the specific detailed circumstances of
individual projects, teams and client needs.

Early involvement

There is clearly a need for an earlier and fuller involvement of design con-
struction professionals in the pre-project advisory stage where clients
would be deciding upon construction as one of the many possible options to
improve their facilities. It was articulated by the participating industrialists
and the clients in the Process Protocol project that a lack of consultation
opportunity between the industry and client bodies, in part because of the
contractual conventions under which the industry was normally appointed,
was leading to a chronic under-provision of professional advice and transfer
of previous experiences to new projects, even with serial clients operating in
a non-partnering arrangement.

Strategic or term partnering arrangements which span across a series of
projects offer scope to allow the early pre-project phases to be addressed in a
more positive manner and in particular to build upon the experiences of the
process and the product from previous projects. This enables the client,
contractor and designer to all move forward together to a better quality
product and a better quality process. In such circumstances a Process Pro-
tocol which allows or facilitates the development of virtual teams and the
co-ordination of a series of investigative activities in the pre-project phase is
a potential vehicle for achieving early requirements capture of the client’s
needs. This also creates the operational platform for the introduction of
early IT support at the briefing stage.
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Team role

The industry has generally been built around functions and organisations
working together. It is recognised that these must become fundamentally
more effective. Obviously projects require virtual teams and should operate
around a team-building philosophy in order to establish team relationships
at an early stage both at and between managerial and operational levels. It is
also preferential that these teams, or the spirit of co-operation between the
teams, and a protocol for their co-operation should extend beyond indivi-
dual projects.

One of the characteristics of the industry is the creation and dissolution
of teams between projects and although term partnering is increasing, the
stability of team structure within organisations and between co-operating
organisations there is still a great likelihood that individual projects will
have a degree of diversity of team membership and team operation. It is here
that one of the greatest potentials of introducing a generic Process Protocol
arises — specifically, to allow a consistent set of processes to be adopted and
applied in a flexible manner across a series of projects by all professionals
involved in those projects and thereby to enable them to carry forward a set
of implicit and explicit techniques and managerial approaches to the design
and construction process. It is clear that in order to gain the consistency and
knowledge transfer benefits of introducing a process management
approach, the creation and management of teams must also be given con-
siderable attention.

Contractual changes and feasibility

Obviously if professionals, contractors and sub-contractors are to con-
tribute to the very early stages in a project there is an important need for
changes in contractual arrangements, possibly to include retention-based
approaches or consultative-fee-based arrangements for pre-project con-
sultation from a variety of professionals who can improve the requirements
capture phase for the clients and allow them to make their early stage
decisions on construction or alternative project solutions from a base of
informed knowledge rather than inexperienced ignorance.

The issue of copyright over ideas and transfer of copyright of ideas,
between products and processes from individual projects generally or from
project to project, also needs to be considered before this system can prac-
ticably be operated. These sorts of changes in contractual and consultative
arrangement are most likely to be facilitated through implicit or, particu-
larly, explicit strategic (term) partnering arrangements between clients and
contractors, and also between contractors and sub-contractors within the
industry or even partnering within the supply chain.
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Risk allocation

The allocation of risk is an issue with which the industry is currently
struggling, especially with regard to PFI and similar types of projects. It is
most definitely important to tackle the identification and allocation of risk
when implementing a generic process, especially at an early pre-project
phase. It was seen by all industry partners as being important that within
the protocol as a whole there would be a clear sub-protocol for the early
addressing of risk and risk allocation by the stakeholders involved in the
pre-project process phases. For this to be meaningful across the design,
construction and use phases it was essential that all the stakeholders
involved in the process of creating the building and using it would be
involved in this aspect. Risk management should also be implemented
throughout the process and risk allocated within the framework.

Process alignment

There are often a range of processes that operate within individual pro-
fessions and organisations. This is common among client organisations that
use process management in the course of their own business and transfer
that knowledge to managing construction projects. While these client-led
process protocols such as the BAA project process provide stability within
an individual client base and, if spread across a range of clients, may pro-
duce a relative stability and predictability across projects within a certain
sector of the industry, this in itself will not ensure generality and con-
sistency of a process across a whole industry.

Clearly the range of processes being developed already and the scope of
existing IT support and other process application tools mean that the
journey towards a consistent repeatable process is one with which a generic
Process Protocol may assist but to which it is unlikely to provide the final
solution. What is essential is that the system should be integrated and
should embody a series of radical changes to the existing processes, the sum
collection of which will be identifiable by the industry as an improvement
in process and product and will in the short term produce measurable
benefits in terms of time, cost and quality. Therefore the introduction of a
process approach must be evaluated from the onset.

Co-ordination

The journey from an existing, fragmented, unco-ordinated and undefinable
process requires a significant degree of co-ordination. This co-ordination
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needs to involve data exchange management, information management,
professional integration management and the effective application of
change management techniques within individual organisations and across
organisations.

It is clear from the studies that an explicit information management
protocol requires to be linked with a consistent Process Protocol and that,
while this may be supported by an information management system in
the foreseeable future, at the moment, it will essentially be a paper-based
exercise involving the co-ordination of various professional and process
activities which themselves may be supported by individual or partially
integrated tools, information technology or information systems. For
either a partial or full application of a Process Protocol to occur success-
fully there have to be both clearly defined deliverables that are associated
with certain functions and activities associated with achieving particular
deliverables.

Process complexity

The Process Protocol project identified a series of ten phases which fell into
the pre-project, pre-construction, construction and post-construction
phases of the design and construction process. For complex projects it may
be necessary for the project to be explicitly directed through all of the dis-
crete process phases. However, for less complex projects and for projects
which involve a degree of repetition from previous projects (and can
therefore adopt elements of previous process and product practices which
are being captured through a systematic collection of legacy information) it
may be possible to collapse some of the phases using the soft gate concept to
allow the process to be managed through less explicit phase review meet-
ings. This flexibility is akin to concurrency and if managed consistently by a
process management role can allow the flexible application of the processes
in accordance with the existing experience, size of project, client needs and
consistency of team membership in relation to previous projects. The
implementation of process requires application in a flexible manner and, as
such, it is most appropriate to start with high-level strategies process
definition and implementation before the application of more detailed
operational processes.

Activity predominance

To avoid organisational and company orientation of the process and to
ensure an industry view it was considered essential that the process phases
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in the Process Protocol should be activity driven and based on deliverables
which were identifiable according to phase activity team and professional
involvement; and that these deliverables should also be driven by the
functions undertaking the activity or task. It was important that the pro-
cesses were transparent and defined simply and also could be related to a
simple straightforward icon to which people could attach their interpreta-
tions of it. This should extend to the activities of the various individual
functionaries involved in process and the deliverables that they have
undertaken to achieve (including the timing of these).

Design fixity

The principle of design fixity is contentious and evidence from other sectors
and other applications indicates that a range of approaches to design fixity is
applied depending on the type of product and the needs of the client.
Obviously from a construction perspective complete design fixity prior to
construction, and preferably prior to pre-construction planning, would
allow a certainty over the construction process. This in itself could produce
dramatic improvements in time, cost and quality of the finalised product. It
could also support a reduction in construction-based errors, particularly
those occurring at the interfaces between different products and trade
activities. However, in the context of most projects which are being built to
an explicit time limit, the stipulation that all design and planning must be
completed before construction starts is unrealistic and probably ultimately
more expensive in terms of time and perhaps cost on a time and design
critical project.

The principle of design fixity within a process is that the design
elements are signed off once agreed; that this should be done as early as
possible within the conceptual and full design and pre-planning phases
prior to construction; and that in all likelihood they will be phased in
according to the order of design and/or construction. For instance, it
would be a desirable goal for structural frame detailing to be fixed as early
as possible to allow the service planning to be carried forward in the
knowledge that there will be no or few changes. However, even here
there may be a possibility within the contractual applications associated
with the process for clauses relating to changes late in the process which
would stipulate that changes beyond the agreed design fixed stage would
be allowed but the cost of disruption would be borne by the client rather
than the contractor. The detail of fix schedule and scope needs to be
decided and managed by the phase review/project board and implemented
by the process/project manager.
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Process/change management

The introduction of a consistent process requires management and supez-
ficially this will add cost to the existing process. However, the net gain
associated with having a more systematically and systemically designed
and managed process would probably outweigh the cost of administrating
it. The process management role is multi-faceted and there is no existing
individual professional identity suitable for undertaking this role. Rather,
an individual with good people-management skills and familiarity with the
range of professional requirements within processes would be best qualified
to undertake it. This role could come from any or many of the professions.

Another aspect of the process management role is that of change
management. In smaller projects it is probable that, on a cost basis and with
the scale of work involved, process management and change management
(change management defined in terms of information change rather than
organisational change) could be undertaken by the same individual. This
would clearly have benefits in terms of avoiding communications between
different individuals undertaking these complementary roles but in larger
projects the scale of work involved would probably require different indi-
viduals to undertake the two roles. In particular, the change management
role requires development, implementation and management of commu-
nication protocols across the whole series of process phases. If these pro-
tocols and their operation could be devised in a generic manner the
facilitating role of the change manager could be integrated relatively easily,
with improvements in IT and IS, into organisations taking up the process.
There will clearly be a cost associated with operating the change manage-
ment role but this may be fairly easy to demonstrate as a benefit in relation
to the potential confusion that can occur with the errors in information
communication that are widely acknowledged as besetting the industry
processes currently in operation. The change management role allows
process information to be used more strategically not only within the
individual process or project but also, in the long term and more impor-
tantly, between processes, between projects and across the industry hori-
zontally and vertically.

Phase reviews

In order to ensure that the implementation of the process works for the
benefit of the project and the various stakeholders, phase reviews should be
used throughout a process. A phase review board comprised of stakeholders
who have early process entry and represent the virtual company involved in
the development, creation, design and construction of the project should be
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assembled. The role of the phase review board is to assess phase progress
and to adjudicate on the continuation of the process and the project. Clearly
this brings together client, designer and contractor in a co-ordinated man-
ner. However, it also raises the opportunity of introducing facility
management and individual professional expertise at the early stages of
feasibility and design study. The role of the phase review board includes the
review of the product and the process during design and construction and
the review of finances and strategic planning in accordance with the overall
business objectives for which construction is usually a secondary support
initiative; and, in particular, it allows all stakeholders to understand the
existing and potential problems which may arise during the process
especially at an early a stage when changes can be made with the least
disruption.

The process manager should review the process, its management and
the management of deliverables from the various functional groups in
order to provide the phase review board with the necessary information
to make its decisions at each of the meetings associated with soft and
hard gates in the process. For this to operate in a repeatable form it would
be essential that the professional roles and inter-relationships within the
design and construction process be defined. The interpretation of the
functional role, the deliverables and the activities and distribution of
these workloads between professionals within the various functional
teams should be decided by the process manager flexibly and in accor-
dance with the specific project needs and the capabilities of the team
which is brought together.

IT and process inter-relationship

There is a clear relationship between sophisticated process capability
within organisations or virtual teams operating projects and the informa-
tion technology that they intend to utilise. Where there are low levels of
organisational IT preparedness the efficiency and effectiveness of the pro-
cesses can be impaired. Indeed even more crucial is where there are dif-
ferences within and between organisations in terms of capability and IT
application and inconsistency between process and IT protocols. The con-
fusion that this creates in terms of data and information exchange can be
very damaging to process efficiency. In the long term initiatives such as
those by the International Association for Interoperability to integrate the
protocols for the use and application of information technology-based
knowledge and processes will support smoother integration and applica-
tion. In the immediate future it is essential that compatibility and IT
integration are managed at the onset of the project.
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Business implementation of IT

It could be argued that the costs in terms of purchasing and developing
the software, training personnel to use the software, management and
maintenance of the applications and associated data, communications
links and so forth, could far outweigh any cost benefits of implementing
such a wide-ranging system. Also industry-wide reluctance may prevent
the adoption of an integrated system because of threats to various pro-
fessional practices such as professional property developers who would
normally undertake economic appraisal at the early stages of a project
and quantity surveyors who might have a reduced involvement during
the whole project.

The ownership of the information produced could be a bone of contention
that might hinder the implementation of such an overall system. For
example, the contractor might want all of the information produced to be
incorporated into their archive while the client would possibly expect all of
the project information to be theirs and copyrighted as they had paid for the
building. With regard to the compatibility of the IT with the Process Pro-
tocol or indeed any holistic process, it could be argued that with the speed of
development of a project design when utilising an integrated IT map there
might be substantial backlogs and idle time for various project participants.
This could occur because of the various bureaucratic stages and processes of
the Process Protocol slowing down the information transfer from process to
process and stage to stage. However, these issues should not be considered
barriers to planning the integrated implementation of process and IT.
Rather they should provide insights into the planning and management of
such systems.

A case study of implementation: Britannia Walk
The background

In order to understand some of the issues in process development and
implementation the Process Protocol team (Chapter 3) set up a number of
test case studies. The Britannia Walk project was one such case.

The Britannia study was led by the University of Salford and Alfred
McAlpine. It followed their previous collaboration on the developmental
research that resulted in the Process Protocol. The study was of the use of
the Process Protocol and its key principles on Britannia Walk. The Britannia
Walk project is a complex brownfield development situated in Hackney,
London, and occupies a site close to Moorfield’s Eye Hospital which had for
many years been under-utilised as an NCP car park. The development,
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which had been in gestation since 1996, was due for completion in 2002.
The case study was undertaken between 1999 and 2002. The project was a
complex one, mostly because of the large number of stakeholders and the
mixed-use nature of the scheme with different types of accommodation
(ranging from a pharmaceutical manufacturing unit to key worker accom-
modation and speculative offices); also the funding of the project, which
consisted of public and private finance, and the high design standards of the
scheme. All of this meant that from the outset the project would be a
challenge to manage effectively.

The research

The research and implementation (R&I) project began in October 1999. The
first stage was to identify the existing process that had been established on
the project so far and ascertain how this was being managed. The research
tracked the project and identified how each of the deliverables, as recom-
mended by the Process Protocol, had been implemented. The research then
implemented aspects of the Protocol that were not being effectively
undertaken on the project and assessed their impact.

This first stage of the R&I project revealed that although the Protocol
deliverables were not being documented, many of their underlying com-
ponents were being addressed whether through negotiation during the early
formative stages of the project or by being contained in other key project
documentation such as planning submissions, selection documents,
employer’s requirements and user briefs. These components were docu-
mented more rigorously as the project progressed. This resulted in the
project process map.

This tracking exercise revealed that although many of the deliverables
were addressed, the mechanisms for managing the process, such as stage
reviews, clearly defined deliverables, open communication between parti-
cipants and establishing a common project focus, were not all rigorously
implemented. The implementation aspects of the R&I project attempted to
address these problems. There was also a need for the principles of the
protocol to be tailored to help manage more specific operational tasks. The
principles of the Protocol were used to produce more detailed sub-processes
(represented by process maps) for the design and production stages of the
project. These tools proved to be of considerable use and, according to the
team, provided a fresh approach to solving common problems. The R&I
project also revealed how important team-building and partnering prin-
ciples are in establishing, agreeing and adhering to a predefined process
strategy.
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General results

The general conclusion drawn from the work was that if a process strategy
is established early in a project which defines terminology, deliverables and
stage-gates and utilises operational tools similar to those developed on this
R&I project then the task of managing the high-level project process and its
constituent operational sub-processes is made much easier.

The team were also of the opinion that the key elements of the Protocol
being the common project view, clearly defined team deliverables, stage-
gates and process maps would lead to a cohesive project team who are clear
on what they have to deliver and by when.

The work revealed that when the project was encountering problems
aspects of the protocol methodology were missing and when these aspects
were introduced the team saw the benefits. The research concluded that
project performance could be substantially improved if such principles were
introduced early enough in the project as part of a pre-defined project-
specific process strategy as recommended by the Process Protocol
methodology

The Project Process map in (Fig. 4.2) illustrates the process that was
employed for the project. As can be seen, the processes and deliverables
recommended by the protocol were largely employed on the project
although some were more rigorously implemented than others. The
implementation (action) research began on the project in phase 5. The
project tracking that took place in the first stage of the research revealed
that many aspects of the key deliverables for the early stages of the project
that were recommended by the protocol were considered even if a corre-
sponding document was not produced. More formal documentation was
produced at phase 3 when the employer’s agent was appointed for the
project and began to produce the contractual documents required for the
project to progress. The initial planning submission was undertaken in
phase 3 followed by the preparation of the partner selection document
which was produced in phase 4.

The project also accelerated more rapidly after the selection of the partner
contractor in phase 5 who undertook a principal process management role
regarding the integration of design, procurement and production elements.
One of the first key activities that the contractor undertook was the value
engineering report and risk assessment exercise which resulted in several
million pounds being trimmed off the project budget. During phase 5 the
first draft of the key ER (employer’s requirements) document was produced
by the employer’s agent. This key document encapsulated many aspects of
the Process Protocol deliverables (such as components of the business case
and project brief). Although in general the critical factors for effective pro-
cess management were in place there were key elements that were not
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Fig. 4.2 Continued.
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undertaken on the project. These could have made a considerable
improvement to the progress of the project if they had been planned early on
and implemented by a team working to a pre-agreed process strategy. These
key elements are as follows:

Early planning and agreement of process strategy.
Setting terminology.

Buy-in from the team.

Communication.

Standard deliverable sets.

Partnering.

Project workshop.

A driven process.

The right level of detail.

These will be briefly discussed below.

Early planning and agreement of process strategy

Front-end planning and implementation of a strategy that has been agreed
by the key project participants is crucial. As the clients stated on the pro-
ject, a structured process is very useful in the early stages as it imposes a
clear direction for the project before contracts and more formal relation-
ships are in place. This is especially true for clients who have little
experience of construction, as was the case with one who stated that the
Protocol would have been of enormous use to them at the beginning of the
project to help them see what was expected of them and other team
members as the project progressed.

The initial stages of a project can also be subject to a great deal of informal
negotiation as was the case at Britannia Walk, and key aspects of the process
strategy were considered and defined throughout these early stages. It is
important to be able to document and record these as prescribed by the
protocol so that an archive exists throughout the duration of the project and
enables information to be easily reviewed and updated.

Set the terminology

It is also important for a process strategy to be implemented on a project
prior to any contract documentation being in place. Such documentation
(for example, the ER or partner selection document) defines the terminology
for the project. If a process strategy is imposed with its own definitions for
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deliverables and procedures after a contract document has begun to define a
different terminology confusion can and will occur.

Buy-in from the team

Even if a clear and well-structured process strategy is defined for a project it
will only be effectively implemented if the team support it and adhere to it.
Involving the team when specifying project deliverables is important in
obtaining their buy-in and ensuring that the deliverables and stage-gates are
effectively planned for the project. It is the team who must provide the
information and satisfy the deliverables and they should therefore be con-
sulted regarding when they can provide them by.

Communication
Communication of strategy

The process strategy needs to be communicated to the whole team to
avoid marginalising disciplines and to keep teams informed of progress.
Mapping the process was shown to be of great use in communicating it to
project participants and in providing a common project view for the
entire team. To maintain such a common focus on the project the
strategy (preferably represented by a process map) needs to be used as a
tool for all participants and should not simply reside in the project man-
ager’s office.

Team communication

It is also vital that interdisciplinary communication is well organised. If
milestones and stage-gates along the defined process are continually missed
because of inadequate communication of information between participants
at an operational level then the process approach can lose credibility,
making it more difficult to get members to conform to its principles. The
project communication strategy is therefore vital to project success and
needs to be defined and implemented up front when the overall process is
being mapped for the project. This is equally true of paper-based and IT-
driven communication strategies.

On the Britannia Walk project the communication strategy had some
problems during the concept and detailed design phases even though the
managers were rigorous in producing design programmes and information
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required schedules. Fixity could not be achieved when scheduled because of
the inherent problems in the team obtaining information from other team
members at the right time. In essence the managers were adopting prin-
ciples of the protocol, i.e. programming, defining the design process and
stipulating the design deliverables, but could not hit the desired deadlines
because the team were not exchanging information in a structured and
organised way. This changed to some extent with the introduction of the
drawing management system which enabled participants to access a central
archive of drawing information and easily identify what stage of completion
specific drawings were at. The system improved communication and
management of the drawings to a significant degree. The communication
strategy was further enhanced by establishing team deliverables (as opposed
to individual ones) for work package specific design information thereby
forcing participants to work together more closely and share information
more openly.

Standard deliverable sets

The structuring of project information into clearly defined team deliver-
ables means that constituent information will come from a range of dif-
ferent team members and organisational types. It is important to have a
standard method of representing the information so that it can be reviewed
easily. On the Britannia Walk project the engineers adopted the structure
and terminology used for the design deliverables when reporting progress.
According to the project manager this made a significant difference,
allowing him to monitor progress more speedily. However, other partici-
pants did not do the same. Performance could have been improved con-
siderably if all had adopted a standard method and format when organising
and exchanging information.

Partnering

The Process Protocol does not focus on partnering aspects but they are
helpful as a mechanism to support the process approach. The principles of a
formal partnering arrangement exist to help establish a cohesive team (e.g.
team buy-in, effective communication). This aspect was lacking on the
Britannia Walk project and the effectiveness with which process strategy
could be implemented suffered as a direct result. Some team members
reported that although there was talk of partnering nothing was really
undertaken after the partner selection document was produced.
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Project workshop

The principles embodied by the Protocol were to some project participants
quite unfamiliar and it was important for the project team to understand the
approach. With the introduction of any new management method the team
who will be working within the new framework need to be informed of the
approach and have an opportunity to contribute to any strategy develop-
ment. Some form of project workshop is therefore recommended at least
with principal members of the client, management and consultant teams. It
was intended to hold a workshop for Britannia Walk towards the end of
phase 5. The aim was to include the key disciplines and clients, the newly
appointed design consultants and the ‘partnering’ sub-contractors. The aim
was to get the team together for two days and one night (during the week,
not at the weekend) and undertake a mixture of seminars and team-building
exercises. It was to be held at an outward bound centre and the focus was to
be on having fun, the team getting to know each other and defining
themselves and agreeing as a team, key partnering objectives and an initial
process framework.

Unfortunately this did not occur. It is the opinion of the research team
and project manager that such a workshop would have had a significant
impact on the project as it would have performed a dual role. It would have
enabled a more refined partnering approach to be formalised and would
have provided an opportunity for participants to provide their comments on
the Process Protocol, enabling them to contribute to strategy development
by defining how they would like their particular operational sub-processes
to be defined. It would also have enabled some new terminology regarding
protocol deliverables or project phases to be established on the project and
consequently would have enabled the process strategy to be defined and
implemented more easily.

A driven process

The role of the process manager became clear during the course of the
Britannia Walk project. At first the client’s representative and contractor’s
project manager were saying that they believed the process manager’s role
would be undertaken by the project manager, architect and client’s repre-
sentative. However, it became clear as the project progressed that the pro-
cess approach was required in order to help guide the managers in the use of
process management methods and also to keep a ‘helicopter view’ on the
project. The contractor’'s management team were for obvious reasons
highly focused on procurement and production activities even though they
were also managing the design process. The client’s representative was
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more focused on the contracts and development management activities and
there was a lack of co-ordination between design, procurement and pro-
duction. The role of the process manager is to consider all things equally
from an independent perspective and the importance of this role became
clear. The contractor’s project manager took on such a role for phase 6 of the
project when the production map was produced. Although still interested in
receiving information from the team at the right time to enable timely
procurement and production activities, the identification of the needs of
other disciplines, the use of team not individual deliverables, more open
information sharing and improved co-ordination of activities all helped the
project manager to orchestrate the various elements collectively and to
manage the process for these stages, not simply to manage the construction.
On Britannia Walk the role of process manager was identified as impor-
tant, with the project manager stating that he thought the role of a process
manager was required and that he couldn’t have undertaken both roles. In
time he believed there could be more crossover but only once project
managers had been trained and were suitably knowledgeable regarding
process management, and if there were no hidden conflicts of interest.

The right level of detail

When the Process Protocol guidelines were provided to the team initially
there were various options regarding the document and the approach. As
has been said, the clients were of the opinion that the document was very
useful in providing clarity regarding the intended process and enabling
them to be ‘better informed and prepared for upcoming stages and events in
the project’. The practitioners, however, required more detail and there was
concern that the approach was too high-level. The general census of opinion
was that the protocol approach was highly valid and the team liked the idea
of stage-gates, the structuring of required information into team deliver-
ables and so forth, yet they wanted to know how this was put into practice
at an operational level.

The research team therefore sought to develop operational aspects of the
approach and what was learnt from this was the importance of ensuring that
team members know how they are fitting into the overall project process.

There also needs to be a set of working procedures which are designed to
help provide information in the right format and ensure timely delivery.
The method of structuring specific design review meetings, for example,
which were related to specific activities and deliverables represents the type
of procedure that should be in place in any process management strategy to
ensure that information is communicated and managed in a compatible and
integrated way between different facets of the project organisation.
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There are far more participants working on a project at an operational
level than there are managing it at an executive level and their involvement
is therefore crucial to the success of the project. Although there are no
defined operational procedures as yet prescribed by the Process Protocol
this needs to be considered up front when planning any process strategy.
The aim should not be to radically change the way people work but to
ensure that the process management approach extends to include all par-
ticipants, not simply the project managers. However, developing the
operational process to be used will require commitment from the team and
buy-in of the defined processes.

Summary of the case

The Process Protocol research and implementation work undertaken on the
Britannia Walk project has afforded a valuable insight into how the current
approach of a highly experienced project team differs from the recom-
mended approach defined in the Process Protocol. It revealed that at a high
level the two approaches are similar, with many Process Protocol deliver-
ables being in tune with key project activities. However, the work has also
illustrated that at a more operational level the principles of effective process
management are more difficult to maintain especially if the team has not
been set up as a cohesive unit working to an agreed strategy. Through
implementation the project has revealed that by mapping together pro-
cesses that are normally considered in isolation, so that participants are
aware of how they are contributing, a far more streamlined process can be
established for each work package. The efficiency of these operational sub-
processes is crucial in maintaining the higher-level strategy developed at
the beginning of the project.

The project also identified the importance of establishing an effective
communication strategy and fostering principles of collaboration and open-
book information-sharing to avoid the common problems associated with
differing incentives and responsibilities between design and production
disciplines.

The operational sub-processes on the Britannia Walk project were
developed from the principles of the Process Protocol (i.e. to achieve fixity,
to visualise strategy and to integrate interdisciplinary teams and their
respective activities and deliverables) and their development has demon-
strated that these key principles work in practice. The lack of opportunity
to establish the process strategy up front on the project meant that the
process approach as recommended by the Protocol could not be fully
implemented. However, even when implemented without front-end plan-
ning the Protocol approach dealt effectively with specific problems
encountered and was considered by the team to be very beneficial.
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In conclusion, this case study illustrated that the Process Protocol, its
framework and key principles are workable in laying down the necessary
disciplines for a well-managed construction project. It is important, how-
ever, to apply the management and implementation of the process from the
onset of the project.

The future

It is probable that the introduction of a process approach into the con-
struction industry will be a catalyst for change and will itself need to change
as the industry adopts it. The evidence from the case study is that change
management and process management are seen as some of the key process
changes that need to be put into place first; and that co-ordination of
information technology or information systems is another essential
requirement. These activities will allow processes to be controlled in a
consistent and predictable manner that will allow the maximum product
innovation and process innovation.

It is considered to be an essential that the efforts of any process team are
loaded towards planning effort, the pre-project and the pre-construction
phases of the process on the assumption that this will allow the mini-
misation of ambiguity and late-stage design changes and thereby allow a
greater pre-production planning efficiency and a smoother and more con-
trollable production phase to be achieved. This will also allow the greater
predictability associated with this for production and the more rapid and
cost-effective introduction of standardisation and prefabrication, the cur-
rent problems of which tend to occur at the interfaces between trades and
elements where pre-planning effort is required to make improvements.

The use of a consistent process is already seen as having spin-off benefits.
Critical issues relating to the development of the industry can be applied to
the framework, for instance CIRIA have produced guidelines for standar-
disation, customisation and modularisation. Using the Process Protocol
framework, they have alerted the industry to the points in the process that
require decisions on such issues to be made and implemented (Fig. 4.3).

Further examples of the use of the process as a framework come from the
application of sustainability issues along the process. For instance, those
organisations who are concerned with aspects of ecological sustainability
can flag these up in the process and identify which activities are responsible
for considering such issues.

Conclusion

This chapter has discussed what is necessary for the implementation of a
process management approach to design and construction. It has, through



Implementation Issues 127

c
3 b ] g
a o
5 g g z | 3 z
T 2 s = = 8
ac = c o0 o c
o g g 2 3 & ]
- o% -8 ~e oE Yo
] o5 Q@ o2 oS o 2
" O @ e 0 O a .= w9 o=
8z 25 85 S35 &3 235
oo ao ao oo an ao
. Processes
Benefits to the project should be
through standard in place
processes

Costs incurred if
processes are changed

Establish
strategy

S&P 1
review

S&P 2
review

Fig. 4.3 CIRIA guide.

the use of a case study, identified where benefits lie but also what are
essential aspects of the implementation process. There is obviously much
potential upon which to build such as using the process framework to
embrace more widely the basic principles of niche marketing and product
platform building. We will see the use of design and construction processes
tailored to specific product types such as hospitals and schools and also
linking into business processes and, more widely, urban design processes.

The future is about understanding what process you are using and how it
relates to the other processes around you, using information technology to
connect to those processes and improve the overarching decision-making
for the benefit of the individual, the organisation, the project and society as
a whole and as a means of communicating critical improvement issues for
the industry or for a project.



Appendix
The Process Protocol Phases and Activity
Zones Demystified

PHASES
Phase 0: demonstrating the need
What is the problem!?
It is important to establish and demonstrate the client’s business needs and
ensure that problems are defined in detail. Identifying the key stakeholders
and their requirements will enable the development of the business case as
part of the client’s overall business objectives.

Before the phase

The ‘user’, i.e. business, customer, communicates the problem to the
client.

e A master plan (of the client’s strategic issues) should be available.

During the phase
e Bring together the business case, facilities management (clients and

users).
e Carry out the necessary activities to produce the deliverables.

Goals

o Establish the need for a project to satisfy the client’s business require-
ments.
e Gain approval to proceed to phase 1.

128



The Process Protocol Phases and Activity Zones Demystified 129

Gate status

e ‘Soft’ gate. (Note: a ‘stakeholder’ is defined as ‘any person or group who
has an interest in the provision or use of the required product.’)

Prime activity zone responsibility Potential activity zone membership
e Development management e Development management
e Project management e Project management
e Facilities management e Resource management
e Resource management e Design management
e Process management e Production management
e Facilities management
e Health and safety, statutory and legal

management
Process management
e Change management

Phase 1: conception of need
What are the options and how will they be addressed!?

The initial statement of need becomes increasingly defined and developed
into a structured brief. To this end all the project stakeholders need to be
identified and their requirements captured. Based on those, the purpose of
this phase is to answer the question ‘What are the options and how will they

be addressed?’

Before the phase

Approval to proceed obtained.

Approval for funding obtained (probably up to phase 3 depending on the
size of the project).

Results of studies to define need(s) are available.

Initial stakeholders are identified.

During the phase

Identify and refine the statement of need(s).
Develop the project brief according to the business case developed in
phase 0.

e Update stakeholder list/group membership.
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e Identify options, i.e. do nothing, manage the problem, develop a

solution.

e Process execution plan (updated): plan phase review until phase 3.

Goals

e Identify potential solutions to the need and plan for feasibility (phase 2).
e Gain authority and financial approval to proceed to phase 2.

Gate status

e ’Soft’ gate.

Prime activity zone responsibility

Potential activity zone membership

Development management
Project management
Facilities management
Resource management
Process management
Design management

Development management

Project management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal
management

Process management

e Change management

Phase 2: outline feasibility

Which option(s) should we consider further!?

Many options could be presented as possible solutions to the identified
problem. The purpose of this phase is to examine the feasibility of the
project and narrow down the solutions that should be considered further.
These solutions should offer the best match with the client’s objectives and

business needs.

Before the phase

e Facilitate the introduction of new project participants.
e Appoint the ‘core teams’ that will form the activity zones.
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During the phase

e Undertake feasibility studies for all options including necessary plan-
ning approvals.
e Revise business case.

Goals

e Examine the feasibility of the options presented in phase 1 and decide
which ones should be considered for substantive feasibility.

e Gain approval to proceed to phase 3 (substantive feasibility study and
outline financial authority).

Gate status

e ‘Soft’ gate.
Prime activity zone responsibility Potential activity zone membership
e Development management e Development management
e Project management e Project management
e Resource management e Resource management
e Design management e Design management
e Facilities management e Production management
e Process management e Facilities management
e Health and safety, statutory and legal
management
e Process management
e Change management

Phase 3: substantive feasibility study and outline financial
authority

Should the proposed solution(s) be financed for development!?

The decision to develop a solution or solutions further will need to be
informed by the results of the substantive feasibility study or studies. The
purpose of this phase is to finance the ‘right’ solution for concept design
development and outline planning approval.

Before the phase

e Redefine the project brief/business case and project objectives based on
outline feasibility results.
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e As the options become more defined, consider project success criteria
and performance measures.

During the phase

Challenge the need(s)/opportunities.

Conduct substantive cost/benefit analyses.
Submit application(s) for statutory approval(s).
Produce the concept design plan.

Goals

e Gain approval to proceed to phase 4.
e Gain financial approval (perhaps until phase 5).

Gate status

e 'Hard’ gate.
Prime activity zone responsibility Potential activity zone membership
e Development management e Development management
e Project management e Project management
e Resource management e Resource management
e Design management e Design management
e Facilities management e Production management
e Health and safety, statutory and legal | e Facilities management
management e Health and safety, statutory and legal
e Process management management
e Process management
e Change management

Phase 4: outline conceptual design
How does the solution translate to an outline design!?

The purpose of this phase is to translate the chosen option into an outline
design solution according to the project brief. A number of potential design
solutions are identified and presented for selection. Some of the major
design elements should be identified.
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Before the phase

Define the systems, i.e. sub-assemblies.

Define the criteria for evaluating the systems, e.g. production timescale,
cost, resources required, etc.

Identify major system interfaces and interactions to enable commu-
nications and facilitate the introduction of project design teams.
Facilitate the introduction of key system suppliers.

During the phase

Iterative development of outline concept design.

Refine project/system solutions.

Develop basic schematics, i.e. plans, elevations, etc.

Identify the implications of system solutions in relation to other system
solutions and to the overall project.

Identify production supply chain.

Goals

Identify major design elements based on the options presented.
Gain approval to proceed to phase 5.

Gate status

e ’Soft’ gate.
Prime activity zone responsibility Potential activity zone membership
e Development management e Development management
e Project management e Project management
e Resource management e Resource management
e Design management e Design management
e Production management e Production management
e Facilities management e Facilities management
e Health and safety, statutory and legal | e Health and safety, statutory and legal
management management
e Process management e Process management
e Change management
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Phase 5: full conceptual design

Can we apply for planning permission?

The conceptual design should present the chosen solution in more detailed
form to include M&E, architecture, etc. A number of buildability and design

studies might be produced to prepare the design for detailed planning
approval.

Before the phase
e Review membership of design teams.

e Review evaluation criteria for concept design.
o Identify some of the major systems.

During the phase
e Develop system concept design.

e System interface studies.
e Identify resourcing requirements.

Goals

e Conceptual design and all deliverables ready for detailed planning
approval.
e Gain approval to proceed to phase 6.

Gate status

e ’'Hard’ gate.
Prime activity zone responsibility Potential activity zone membership
e Development management e Development management
e Project management e Project management
e Resource management e Resource management
e Design management e Design management
e Production management e Production management
e Facilities management e Facilities management
e Health and safety, statutory and legal | e Health and safety, statutory and legal
management management
e Process management e Process management
e Change management
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Phase 6: production design, procurement and full financial
authority

Are the major design elements fixed!

The purpose of this phase is to ensure the co-ordination of the design
information. The detailed information provided should enable the pre-
dictability of cost, design, production and maintenance issues among
others. Full financial authority will ensure the enactment of production and
construction works.

Before the phase

e Review membership of design teams.

e Review evaluation criteria for co-ordinated design.

e Fix major building elements.

During the phase

e Assemble the co-ordinated product model.

e Review and update major deliverables.

e Review supply chain analysis.

Goals

e Fix all major design elements to allow the project to proceed to phase
7.

e Gain approval to proceed to phase 7 and (in most cases) through to the
end of the project.

e Gain full financial approval for the project.

Gate status

e ‘Hard’ gate.
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Prime activity zone responsibility Potential activity zone membership
e Development management e Development management
e Project management e Project management
e Resource management e Resource management
e Design management e Design management
e Production management e Production management
e Facilities management e Facilities management
e Health and safety, statutory and legal | ¢ Health and safety, statutory and legal
management management
e Process management e Process management
e Change management

Phase 7: production information
Is the detail 'right’ for construction?

The detail of the design should be determined to enable the planning of
construction including assembly and enabling works. Preferably no more
changes in the design should occur after this stage. Every effort should be
made to optimise the design after consideration of the whole life cycle of the
product.

Before the phase

Review membership of design teams.
Review evaluation criteria for co-ordinated design (ideally design 100%
complete).

e Review and update communications strategy.

During the phase

e Develop co-ordinated fabrication design/detail for the co-ordinated
product model.

e Develop production process map for on and off-site activities for each
system/work package.

e Start ‘enabling works’.

Goals

e Finalise all major deliverables and proceed to the construction phase
e Gain approval to proceed through to phase 9.
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Gate status

‘Soft’ gate.
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Prime activity zone responsibility

Potential activity zone membership

Development management

Project management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal
management

Process management

Development management

Project management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal
management

Process management

Change management

Phase 8: construction

Are we ready to hand over the facility?

The design fixity and careful consideration of all constraints achieved at the
previous phase should ensure the ‘trouble-free’ construction of the product.
Any problems identified should be analysed to ensure that they do not re-
occur in future projects.

Before the phase

Finalise all major deliverables such as the project brief, business case,

project execution plan, etc.

Finalise drawings for construction along with production information.
Ensure that all supplier bodies are in place.
Formulate contingency plans to accommodate possible obstructive

elements, e.g. weather.

During the phase

Undertake construction works.

Manage and monitor costs, materials, equipment and quality of sup-

pliers’ work.

Manage the construction process.

Review and implement hand-over plan.
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e Manage health and safety.
e Liaise with stakeholders for future needs.

Goals

e Produce a building that satisfies all client requirements.
e Hand over the building as planned.

Gate status

e ’'Hard’ gate.

Prime activity zone responsibility Potential activity zone membership

e Development management e Development management

e Project management e Project management

e Resource management e Resource management

e Production management e Design management

e Health and safety, statutory and legal | e Production management
management e Facilities management

e Process management e Health and safety, statutory and legal

management
Process management
e Change management

Phase 9: operation and maintenance
What can we learn?

The facility is handed over to the client as planned. The post-project review
should identify any areas that need to be considered more carefully in future
projects. The emphasis should be on creating a learning environment for
everybody involved. As-built designs are documented and finalised infor-
mation is deposited in the legacy archive for future use.

Before the phase

Construct building as planned.

Hand over the facility with all the relevant documentation.

Store all the project information and learning lessons in the legacy
archive.
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e Plan for ongoing feedback from the client’s organisation.
e Management team liaise with contractor team to plan handover.

During the phase

e Undertake a post-project review to examine the client’s level of satis-
faction.
Examine the fulfilment of all success and performance criteria.
Establish continuous communications with the client.
Make ongoing review of assets with regard to:
Functionality
Health and Safety
Maintaining asset information

Actions

The life cycle of the product is likely to be more than a decade. Therefore
the facility life cycle should be considered and the facility examined at
planned intervals either as part of the contractual arrangements or as part of
continuous customer service. All lessons learned should be entered in the
legacy archive and used for future projects.

Gate status
Although there are no formal gates in the process, care should be paid in

establishing a programme of continuous improvement that is commu-
nicated throughout the company and the company’s organisation.

Prime activity zone responsibility Potential activity zone membership

Development management

Project management

Resource management

Facilities management

Health and safety, statutory and legal
management

e Process management

Development management

Project management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal
management

Process management

e Change management
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ACTIVITY ZONES
Development management

Development management is responsible for creating and maintaining
business focus which satisfies both relevant organisational and stakeholder
objectives and constraints throughout the project.

For example, a proposed speculative office development needs to satisfy the
developer’s objectives (say, return on capital) and constraints (say, available
finance) as well as fulfilling other stakeholder considerations (say, com-
pliance with prevailing planning concerns).

The development management activity zone is likely to include the fol-
lowing parties:

e Senior client representation.
e Suppliers of finance to the client.
e DProfessional advisors.

(Obviously the supply of finance and professional advice can originate from
both in-house and outside the client organisation).

Potential activity zone participation

Project management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal management
Process management

Change management

Project management

Project management is responsible for effectively and efficiently imple-
menting the project to agreed performance measures in close collaboration
with process management.

Performance criteria are ultimately based on requirements set out in the
business case and project brief.

Project management is an agent of the development management activity
zone.

Project management is ultimately responsible for preparing the project
execution plan and ensuring that all relevant inputs from other activity
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zones are guided and integrated towards the successful implementation of
the project.

The project management activity zone is likely to consist of project
management professionals.

Potential activity zone participation

Development management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal management
Process management

Change management

Resource management

Resource management is responsible for the planning, co-ordination,
procurement and monitoring of all financial, human and material
resources. (Development management establishes the overall budget.)
The resources management activity zone is likely to include the following
parties:

e Quantity surveying — which will define plant and material needs and
monitor their cost.

e Buying - which will procure plant and materials defined by the quantity
surveying.

e Project management — which will define human resources require-
ments.

e Human resources — which will procure human resources defined by
project management.

Potential activity zone participation

Development management

Project management

Design management

Production management

Facilities management

Health and safety, statutory and legal management
Process management

Change management
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Design management

Design management is responsible for the design process that translates the
business case and project brief into an appropriate product definition. It
guides and integrates all design input from other activity zones.

Potential activity zone participation

e Design professionals
e Suppliers of materials/components
e Main contractor and subcontractors and representatives from:
Production management activity zone
Facilities management activity zone
Development management activity zone
Project management activity zone
Health and safety, statutory and legal management

Production management

Production management is responsible for ensuring the optimal solution for
the buildability of the design, the construction logistics and organisation for
delivery of the product.

The production management activity zone is likely to include the following
parties:

e Suppliers.

e Main contractor and subcontractors and representatives from:
Design management activity zone.
Project management activity zone.
Health and safety, statutory and legal management.

Potential activity zone participation

Development management

Project management

Resource management

Design management

Facilities management

Health and safety, statutory and legal management
Process management

Change management
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Facilities management

Facilities management is responsible for ensuring the cost-efficient
management of assets and the creation of an environment that strongly
supports the primary objectives of the building owner and/or user.

The facilities management activity zone is likely to include the following
parties:

e TFacilities management professionals.

e Building maintenance professionals.

e Building services professionals and representatives from:
Design management activity zone.

Potential activity zone participation

Development management

Project management

Resource management

Design management

Facilities management

Health and safety, statutory and legal management
Process management

Change management

Health and safety, statutory and legal management

Health & safety, statutory and legal management is responsible for the
identification, consideration and management of all regulatory, statutory
and environmental aspects of the project.

Potential activity zone participation

Development management
Project management
Resource management
Design management
Production management
Facilities management
Process management
Change management
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Process management

Process management develops and operationalises the Process Protocol and
is responsible for planning and monitoring each phase. Process manage-
ment is an agent of the development management activity zone.
Responsibilities include:

e Formulate the process execution plan, in close collaboration with project
management.
Review the phase review plan(s) and reports.
Determine and examining the inputs and outputs of the process in terms
of the deliverables at each phase.

o Offer expert recommendations to the development management
activity zone with regards to the satisfactory execution of the process for
delivery of the product.

The process management activity zone should consist of construction
professionals who are independent of the project.

Potential activity zone participation

Development management

Project management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal management
Change management

Change management

Change management is responsible for effectively communicating project
changes to all relevant activity zones and the development and operation of
the legacy archive.

Responsibilities include:

Receiving and structuring change information.
Distributing appropriate change information to relevant activity zones
in an accurate and timely fashion.

e Retrieving and distributing appropriate legacy archive information to
relevant activity zones.

e To reviewing and, where appropriate, modifying and/or updating the
legacy archive.
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Note: The roles of project, process and change management may be com-
bined and this will be dependent on the size of the project.

Potential activity zone participation

Development management

Project management

Resource management

Design management

Production management

Facilities management

Health and safety, statutory and legal management
Process management




List of Abbreviations

2D
3D
Al
ATLAS

BAA
BIM
BOT/BOOT
BPF
BPR
CAD
CAM
CE
CFT
CI
CIRIA

COMBINE
COMMIT

DCP
DFD
DFMA
EDI
EPSRC
ER
FMEA
FTA
HIPO
HOQ
IAI
ICAM

ICON

IDAC
IDEF
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two dimensional

three dimensional

artificial intelligence

Architecture, Methodology and Tools for Computer-
Integrated Large-Scale Engineering

British Airport Authority

building information model

build-own-operate-transfer

British Property Federation

business process re-engineering

computer-aided design

computer-aided manufacturing

concurrent engineering

cross-functional teams

continuous improvement

Construction Industry Research and Information
Association

Computer Models for the Building Industry in Europe

Construction Modelling and Methodologies for Intelligent
Information integration

design and construction period

data flow diagrams

design for manufacturing-assembly

electronic data interchange

Engineering and Physical Sciences Research Council

entity relationship

failure mode and effects analysis

fault tree analysis

hierarchy + input-process-output

house of quality

International Alliance for Interoperability

(US Air Force Program for) Integrated Computer Aided
Manufacturing

Integration of Construction Information

Information/Integration for Construction

Integration in Design and Construction

integrated definition language



IDEFO
IFC
IMI

IS

IT

T
KBS
M&E
NASA
NPD
OLAP
OSCON
PBP
PDCA

PFMEA
PDS
PFI

PPP
QFD
R&I
RIBA
ROI
SCRI

SPACE

SPC
STEP
T™O
TQM
VR
WP

List of Abbreviations 147

integration definition language O (for function modelling)

Industry Foundation Classes

Innovative Manufacturing Initiative

information systems

information technology

just-in-time

knowledge-based system

monitoring and evaluation

National Aeronautics and Space Administration

new product development

on-line analytical processing

Open Systems for Construction

pay-back period

plan-do-check-act (also sometimes referred to as the
Demming Wheel or Shewhart Cycle)

process failure modes effects analysis

product design specifications

Private Finance Initiative

phased program planning

quality function deployment

research and implementation

Royal Institute of British Architects

return on investment

Salford Centre for Research and Innovation (University of
Salford, UK)

simultaneous prototyping for an integrated construction
environment

statistical process control

Standard for Exchange of Product model data

temporary multi-organisations

total quality management

virtual reality

work package(s)
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